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v

Josef Rösch
1925–2016

It is only fitting that this book on the transjugular intrahepatic portosystemic shunt (TIPS) be dedicated to the noted Josef Rösch. Josef 
died in January 2016 following an extraordinary clinical, academic, and research career in interventional radiology. His most significant 
interventional discovery, TIPS, was serendipitous. Having already spent a year with Charles Dotter, Josef was primed to constantly be 
considering new interventional possibilities. Thus, in 1969, his occasional inadvertent portal vein entry during clinical transjugular 
cholangiography aroused his research curiosity. This led to the logical next step: a transjugular intrahepatic portosystemic shunt. It 
took until the mid-1990s, however, with the development of metallic stents, to make TIPS a viable clinical procedure. Today, three 
decades after its clinical introduction, TIPS has become widely accepted as a minimally invasive treatment for portal hypertension, 
benefiting millions of patients and essentially replacing surgical portosystemic shunting.

In addition to TIPS, Josef Rösch was the first person to use embolotherapy to control acute gastrointestinal hemorrhage. He pioneered 
both the use of self-expandable metallic stents to treat stenoses and occlusions of the major veins, trachea, and esophagus, and the 
technique of fallopian tube recanalization. Josef was the driving force in establishing the Dotter Interventional Institute. It is the first 
free-standing interventional radiology department in an academic medical center. During his career, Josef received the gold medal 
from five prestigious interventional radiology societies, in addition to lifetime achievement awards from the Cardiovascular and Inter-
ventional Society of Europe (CIRSE) and the American Heart Association. The “Josef Rösch Endowed Chair of Interventional Radiology 
Research” was established at Oregon Health & Science University in his honor.

Josef was a pioneer and distinguished leader in the development of interventional radiology. He was a great friend and colleague to 
interventional radiologists around the world and an inspirational mentor to scores of young trainees. Those who had the opportunity 
to work with him or know him were truly fortunate.

Frederick S. Keller, MD
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In addition to the late Josef Rösch (who co-wrote Chapter 13 before his death), 
this book is dedicated to my mother and father, who taught me beyond med-
icine; to my wife Aya; to my daughters Luna and Solara; and to my brother 
Nael (who has co-written Chapter 12), a talented interventional radiologist 
dedicated to his patients.

Wael E.A. Saad, MBBCh, FSIR
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Foreword

Over the past few decades, advances in imaging and image-
guided intervention have transformed the management of 
patients with portal hypertension. Today, the cause and sever-
ity of portal hypertension can be assessed noninvasively, and 
treatments can be based on individual parameters and tailored 
to the needs of each patient. Progress in the management of 
patients with portal hypertension is due in no small measure 
to the efforts of interventional radiologists. Pioneers in the field 
like Dr. Josef Rösch, to whom this book is dedicated, made trans-
formative contributions to both the diagnostic imaging of portal 
hypertension and to the minimally invasive approaches to man-
agement. The transjugular intrahepatic portosystemic shunt 
(TIPS) procedure, which Dr. Rösch developed in the 1980s and 
1990s, is now a standard treatment for patients with refractory 
ascites and variceal bleeding.

Dr. Wael E.A. Saad follows in the footsteps of Dr. Rösch and is 
today one of the leading clinical researchers in the field of portal 
hypertension. Dr. Saad has pioneered advances such as balloon- 
occluded retrograde transvenous obliteration (BRTO) and endo-
vascular approaches to the management of encephalopathy, and 
he has gathered evidence to prove the value of these techniques. 
As was the case with Dr. Rösch, Dr. Saad’s enthusiasm and zeal 
for understanding the nature of portal hypertension and devising 

new and better treatments is infectious. He is not only a leading 
researcher in this area but is also the preeminent interventional 
radiology educator in the field.

In this third edition of Portal Hypertension: Imaging, Diag-
nosis, and Endovascular Management, Dr. Saad has created an 
up-to-date and authoritative text. He has brought together noted 
experts from around the world to explain state-of-the-art devel-
opments in the endovascular management of patients with por-
tal hypertension. Recent advances in transvenous obliteration 
are highlighted. In-depth discussions of difficult TIPS situations 
are presented. Special situations such as portal hypertension in  
the pediatric patient and management of patients with portal 
thrombosis are elucidated.

Anyone interested in being in on the cutting edge of develop-
ments in minimally invasive portal interventions should read this 
book. It showcases the value of innovation and creativity in medi-
cine and provides inspiration and direction for young researchers 
in the field.

Jeanne M. LaBerge, MD, FSIR
Professor of Radiology

University of California San Francisco
San Francisco, California
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Preface

In 1969, Josef Rösch serendipitously came across and described 
the concept of the transjugular intrahepatic portosystemic shunt 
(TIPS), igniting the era of endovascular management of portal 
hypertension. TIPS was clinically realized with the advent of stent 
technology in the mid-1980s. Ernest J. Ring, and later Jeanne 
LaBerge, popularized the clinical use of stent-lined TIPS in the 
1990s. With the advent of the broad utilization of commercially 
available purpose-built stent-grafts in the early to mid-2000s, a 
new era of stent-graft TIPS started with its superior patency.

In the past decade, however, the endovascular management 
of portal hypertension has expanded in its clinical practice to a 
broad number of procedures, performed alone or in combination. 
The field is no longer confined to TIPS decompression but now 
includes a multitude of other procedures, including portal vein 
recanalization and/or angioplasty, splenic embolization, trans-
venous obliteration (including BRTO and BATO), and peritoneal 

shunt creation. This does not take away from the TIPS procedure, 
which remains the mainstay procedure. TIPS itself has also seen 
advances in the last decade, with the introduction and broad use 
of ePTFE covered stents improving TIPS patency and resultant 
clinical outcomes.

This book is the third edition of the Society of Interventional 
Radiology (SIR) book series of Management of Portal Hyperten-
sion (originally called SIR Syllabus) and is the first publication 
of this series by Thieme Publishers. The book is a contemporary 
approach to endovascular management of portal hypertension; 
its publication occurs in interesting times, where outcomes of 
various techniques have matured to stimulate a healthy addi-
tion to the field of portal hypertension management. I hope and 
expect you will find it useful to your practice.

Wael E.A. Saad, MBBCh, FSIR
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Chapter 1:  Pathophysiology and Classification of Liver 
Cirrhosis and Portal Hypertension
Faisal M. Sanai, Mona H. Ismail, and Abdullah M.S. Al-Osaimi

Introduction
Liver cirrhosis and portal hypertension (PHT) are common clin-
ical encounters. Chronic liver disease and cirrhosis is the 12th 
leading cause of death in the United States, according to the Cen-
ters for Disease Control and Prevention (CDC). Deaths related to 
chronic liver disease and cirrhosis have increased 3.3% between 
2009 and 2010.1,2 Liver disease continues to account for a sub-
stantial portion of health-care utilization in the United States and 
worldwide and is a significant cause of morbidity.3 Understanding 
the pathophysiology of cirrhosis and PHT is imperative to iden-
tify patients at highest risk for complications. Such knowledge 
would enable early intervention and potentially alter the clinical 
course of patients with chronic liver disease toward a favorable 
outcome. This chapter discusses the definition, pathophysiology, 
and classification of cirrhosis and PHT.

Liver Anatomy and Function
The liver is a wedge-shaped organ located in the upper right 
quadrant of the abdomen nestled just beneath the diaphragm. It 
is the largest organ in the body, weighing approximately 1400 g 
in women and 1800 g in men. The liver attaches to the diaphragm 
and anterior abdominal wall, via a series of ligaments. Its pos-
terior and inferior surfaces lie over the kidney, adrenal glands, 
stomach, gallbladder, and colon. A fibrous sheath known as 
Glisson’s capsule encases the entire organ.4,5

“Cantlie’s” imaginary line, extending from the gallbladder 
fossa to the inferior vena cava (IVC), grossly separates the liver 
into its right and left lobes. The right lobe makes up about 70% 
of the liver’s mass with the left lobe accounting for the remain-
der. In the 1950s, a French surgeon named Couinard further 
subdivided the liver into eight independently functioning seg-
ments based on the branching patterns of the portal triads and 
hepatic veins. Dr.  Couinard numbered the segments clockwise 
beginning with the caudate lobe now designated as segment I 
(▶ Fig. 1.1).4 The left lobe contains the left lateral segment (seg-
ments II and III) and the left medial segment (segment IV) in 
addition to segment I. Four other segments make up the right 
lobe, with segments V and VIII comprising the right anterior lobe 
and segments VI and VII the right posterior lobe. Segment IV fur-
ther subdivides into IVA and IVB. Segment IVA is cephalad and 
sits just below the diaphragm while IVB sits caudally and adja-
cent to the gallbladder fossa.

The liver forms the interface between the digestive system and 
the blood. It is the site where nutrients, drugs, and other sub-
stances entering the gastrointestinal tract undergo a first round of 
processing. In this sense, the liver acts as the gatekeeper by allow-
ing passage of useful substances while eliminating others.6 Blood 
flows into the liver through a dual supply system that includes the 
hepatic artery and portal vein (PV). The PV delivers most of the 
hepatic blood (75%–80%) and provides the main route of entry for 
all materials absorbed by the intestine except for chylomicrons 
(▶ Fig. 1.1; ▶ Fig. 1.2).

The PV originates from the stomach, intestine, and spleen and 
terminates in the porta hepatis, where it divides into right and left 
branches carrying with it nutrient-rich but oxygen-poor blood to 
the liver.7 The hepatic artery arises from the celiac trunk and sup-
plies the remaining 25% of the 1500-mL blood volume entering 
the liver each minute, which unlike portal blood is high in oxy-
gen (▶ Fig. 1.1). Because of the dual blood supply, most patients 
can tolerate some obstruction of the PV or hepatic artery. In rare 
cases, thrombosis or some other type of occlusion caused, for 
example, by Banti’s syndrome or hepatocellular carcinoma (HCC), 
may create potentially lethal complications.6

Splenic and superior mesenteric veins unite to form the PV 
at the second lumbar vertebra from where it travels 6 to 9 cm 
before reaching the liver hilum, subsequently branching off into 
the left and right branches. From the celiac axis, the common 
hepatic artery ascends to the hepatoduodenal ligament and gives 
rise to the gastric, gastroduodenal, and proper hepatic artery, 
which then divides into left and right arterial branches at the 
liver hilum.5,6 Intrahepatic branching from the PV, hepatic artery, 
and bile duct run together within the portal tract and terminate 
at the corners of the liver lobules. Within the lobules, intercon-
nected plates of hepatocytes branch and join together rather 
freely to form a spongelike structure. Spaces between these plates 
contain the sinusoids, which are lined by endothelial and Kupffer 
cells.7 The Kupffer cells break down aged erythrocytes and recycle 
them, remove unwanted material entering from the portal sys-
tem, and act as antigen-presenting cells in adaptive immunity. 
Other fat-storing cells called stellates reside in the perisinusoidal 
space and help maintain the extracellular matrix (ECM) of this 
compartment, which is composed of collagens (types I, II, and 
IV), among other molecules.8 The stellate cells store much of the 
body’s vitamin A and assist with local immunity. After cell injury, 

Fig. 1.1  Illustrations of the different liver segments. IVC: inferior vena 
cava.
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they become activated and induce collagen production, resulting 
in hepatic fibrosis.

Blood flows from the periphery to the center of each lobule, 
carrying essential oxygen and nutrients with it. Distributing 
venules running within the lobules lead into the sinusoids and 
converge into veins at the lobule center and then eventually 
merge into hepatic veins, which empty into the IVC (▶ Fig. 1.1). 
Hepatocytes located near the lobule’s periphery and close to its 
blood supply carry out the more aerobic tasks such as protein 
synthesis; those less exposed to oxygen and nutrients at the 
lobular center play a larger role in detoxification and glycogen 
metabolism. Contrary to blood flow, bile drains from the cen-
ter of the lobule to its periphery through the tubular canaliculi 
located at the interface of adjoining hepatocytes.5 At the periph-
ery, the bile empties into special ductules composed of cholan-
giocytes and eventually reaches the intrahepatic bile ducts in 
the portal spaces. These ducts subsequently enlarge and unite to 
form the right and left hepatic ducts for transporting bile away 
from the liver (▶ Fig. 1.1).

The liver serves many functions.9 It plays a critical role in car-
bohydrate metabolism by storing glycogen, converting fructose 
and galactose to glucose, carrying out gluconeogenesis, and 
removing excess glucose from the blood as needed. Because of 
the glucose buffering action provided by the liver, hypoglyce-
mia commonly occurs in individuals with liver failure. The liver 
also supports fat metabolism, manufactures lipoproteins and 
all major plasma proteins, except for the immunoglobulins, and 
preserves cholesterol homeostasis. Blood originating from the 
gut or elsewhere in the body is mostly detoxified by the liver. 
Kupffer cells trap and break down bacteria and other particu-
lates, and the cytochrome p450 enzymes biochemically trans-
form drugs and other foreign chemicals into metabolites, which 

are then excreted into the bile for elimination via the digestive 
tract. Bile secreted by the liver aids in the absorption of lipids 
and fat-soluble vitamins (A, D, E, and K) and serves as the vehicle 
for removing bilirubin.

Liver Cirrhosis: Definition, 
Classification, and Epidemiology
Definition of Cirrhosis
Cirrhosis is the end result of the common histologic pathway for 
a multitude of chronic liver diseases. The term cirrhosis was first 
introduced by Laennec in 1826, being derived from the Greek 
term scirrhus. It was used to describe the orange or tawny surface 
of the liver observed at autopsy.

Hepatic fibrosis is defined as an excess deposition of the com-
ponents of ECM (i.e., collagens, glycoproteins, proteoglycans) 
within the liver. Fibrosis is the wound-healing response of organ 
systems, which in the liver can progress to the different stages 
of liver fibrosis and eventually cirrhosis. Sustained signals of 
inflammation associated with chronic liver disease are required 
for significant fibrosis to accumulate. Inflammation acts as the 
driving force for the ever-expanding accumulation of ECM com-
ponents, eventually leading to cirrhosis and hepatic failure.8 
A variety of factors, including infection, drugs, metabolic dis-
orders, and immune-mediated liver injury, can stimulate the 
fibrogenic process, in turn marked by excessive synthesis and 
deposition of collagen in the ECM. Myofibroblasts drive matrix 
production in response to cytokines and growth factors released 
by activated Kupffer cells. At the early stage of fibrogenesis, cer-
tain proteolytic enzymes, such as the matrix metalloproteinases, 

Fig. 1.2  Anatomy of the portal circulation. 
IVC: inferior vena cava; LGV: left gastric vein; 
LRV: left renal vein; PV: portal vein; SGV: short 
gastric veins; SMV: superior mesenteric vein; SV: 
splenic vein.
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can usually remove the excess matrix material, thereby reversing 
the process.8

Liver fibrosis is a dynamic process, resulting from the equilib-
rium between fibrogenesis and altered matrix degradation, and 
may be reversible before the establishment of advanced architec-
tural changes in the liver. The excess deposition of ECM proteins 
disrupts the normal architecture of the liver, which alters the 
normal functioning of the organ, ultimately leading to PHT. This 
resultant PHT is the earliest and most important consequence 
of cirrhosis and underlies most of the clinical complications of 
the disease. Cirrhosis is defined histologically as a diffuse alter-
ation in the liver architecture with the concomitant development 
of regenerative nodules. Clinicians consider cirrhosis as the end 
stage of a chronic condition, which becomes irreversible when 
presenting in advanced stages. Liver transplantation represents 
the only cure for patients who have reached this disease stage, 
with the expected 1- and 8-year survival rates set at 83% and 
61%, respectively.10 Achieving cirrhosis reversibility depends on 
the stage of the disease and the level of which Kupffer cells and 
macrophages can retard progression. Reversing fibrosis therapeu-
tically can be manifested by 2 different approaches. One approach 
involves treating the underlying disease such as autoimmune 
hepatitis, hepatitis B or C virus, or abstaining from alcohol. The 
second approach demands developing antifibrotic agents, which 
to date have shown success only in animal models.8,11 There are 
challenges in defining validated endpoints, recruiting sufficient 
numbers of patients, and overcoming high risk of failure because 
clinical trials involving these agents have hampered antifibrotic 
drug development.

The etiology of cirrhosis (▶  Table 1.1) varies according to the 
region with hepatitis C and alcoholism predominating in Western 
countries and hepatitis B in parts of East Asia and Africa. Although 
the exact worldwide prevalence of cirrhosis is unknown, mortality 
rates from the disease show favorable trends in most areas of the 
world, especially in North America, Australia, and part of Southern 
Europe, likely because of declines in alcohol consumption in these 
regions.12,13

A poor correlation frequently exists between hepatic histologic 
findings and the clinical picture. Some patients with cirrhosis 
are completely asymptomatic and have a reasonably normal life 
expectancy. On the other hand, individuals may manifest a vari-
ety of severe symptoms of end-stage liver disease and have a poor 
survival. Common clinical features may stem from decreased 
hepatic synthetic function (e.g., coagulopathy), decreased detox-
ification capacity (e.g., portosystemic encephalopathy), or PHT 
(e.g., ascites).

Classification of Cirrhosis
Cirrhosis had been historically classified on the basis of a mixture 
of pathogenesis, morphologic appearances, and etiology. How-
ever, since then there has been a general recognition that such 
mixtures are confusing and unwarranted and that any one clas-
sification should be restricted to a specific base or axis. Hence, 
morphologic and etiologic classifications are considered as com-
plementary rather than as alternatives. As such, the complete 
characterization of cirrhosis in an individual study would have 
to take into account the morphology, etiology, stage of evolution, 
disease activity, and complications of the disease.14 Based on this, 
the subdivision of cirrhosis is better described as a characteriza-
tion rather than a classification. Historically, this morphologic 
categorization has been made as micronodular, macronodular, or 
mixed type determined to some extent by the underlying disease 
process. This may allow for the different patterns to be studied 
epidemiologically, in turn allowing for their correlation with 
various etiologies.14

1.	 Micronodular pattern: This describes a cirrhotic liver in 
which the vast majority of nodules are smaller than 3 mm 
in size. The nodules in such cirrhotic livers rarely contain 
portal tracts or central veins. Early in the course of disease 
evolution, micronodules tend to predominate; in a later stage, 
larger nodules may develop. Examples of cirrhosis with this 
type of nodular pattern include those related to steatosis 
(alcoholic or otherwise), bile ductal and venous outflow 
obstruction, and hemochromatosis. These livers are usually 
normal in size or even enlarged.14

2.	 Macronodular pattern: Most nodules in this type of cirrhosis 
are larger than 3 mm in size, with the size varying consid-
erably, and some nodules being several centimeters in size. 
Nodules in this type of cirrhosis may contain portal tracts 
and central veins, although their relationship to each other is 
not maintained architecturally. The separating fibrous septae 
may be of the fine, reticulate type or the broad, thickened 
variety. Examples of this cirrhosis with this type of nodular-
ity include that related to hepatotropic viruses (hepatitis B 
and C), Wilson’s disease, and autoimmune hepatitis. These 
livers are usually shrunken but may be normal in size.14

3.	 Mixed pattern: The nodules in this type are both micronodular 
and macronodular, approximately in equal proportions.14

Epidemiology of Cirrhosis
The estimated prevalence of cirrhosis, as identified from autopsy 
studies, ranges from 4.5% to 9.5% of the general population, reflect-
ing hundreds of millions of patients affected with cirrhosis world-
wide.15,16 However, the precise incidence or prevalence of cirrhosis 
is difficult to ascertain because cirrhosis is often clinically silent.17 

Table 1.1  The Most Common Etiologies of Cirrhosis8,13

Etiology Associating Physical Conditions

Alcohol Dementia, peripheral neuropathy, oral or 
esophageal cancer

HCV Cryoglobulinemia (arthritis, vasculitis)

HBV Arthritis, PAN

PBC Sicca syndrome, xanthelasma, hyperlip-
idemia

PSC IBD, UC

NAFLD, NASH Obesity, metabolic syndrome, type II 
diabetes

Wilson’s disease Neurologic symptoms (Parkinson-like)

Hemochromatosis Arthritis, myocarditis, diabetes

Autoimmune hepatitis Autoimmune hemolytic anemia, IBD, 
celiac disease, autoimmune thyroiditis

HBV: hepatitis B virus; HCV: hepatitis C virus; IBD: inflammatory bowel 
disease; NAFLD: nonalcoholic fatty liver disease; NASH: nonalcoholic 
steatohepatitis; PAN: polyarteritis nodosa; PBC: primary biliary 
cirrhosis; PSC: primary sclerosing cholangitis; UC: ulcerative colitis.
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Up to 40% of patients with cirrhosis are asymptomatic and may 
remain so for more than a decade.18,19 Currently, a liver biopsy 
is required to establish the diagnosis of cirrhosis. However, the 
recent availability of accurate, validated, noninvasive diagnostic 
tools such as FibroScan and FibroTest may make the specter of 
population screening in the near future a feasible option.20

Nonetheless, in the absence of comprehensive and measurable 
indices for measuring the incidence and prevalence of cirrhosis 
in the general population, much of the epidemiologic data for 
this condition have been derived from disease-related mortal-
ity. Understandably, though, for a variety of reasons, the death 
rate is not always a valid surrogate for measuring the prevalence 
of cirrhosis, making it difficult to estimate the true prevalence 
and burden of the disease, especially in the absence of hepatic 
decompensation.21

In 2001, 771,000 people were estimated to have died from 
cirrhosis, ranking it 14th and 10th as leading cause of death in 
the world and in developed countries, respectively.22 Worldwide, 
deaths from cirrhosis have been projected to increase, making it 
the 12th leading cause of death in 2020.23 According to a World 
Health Organization (WHO) database that incorporates mortal-
ity data from 41 countries, age-adjusted mortality rates from cir-
rhosis were the highest in some countries in Central and South 
America and in southern Europe in the early 1980s.24 In southern 
European countries, mortality rates in the early 2000s decreased 
by more than 50% compared with earlier decades, but rates in 
Northern European countries reportedly show a gradual yet con-
tinued increase.25,26 Chronic liver disease and cirrhosis is the 12th 
leading cause of death in the United States, according to the CDC. 
Deaths related to chronic liver disease and cirrhosis increased 
3.3% between 2009 and 2010.1,2 Liver disease continues to account 
for a substantial portion of health-care utilization in the United 
States and worldwide and is a significant cause of morbidity.3

Hepatitis B Virus
Hepatitis B virus (HBV) infection is a global health problem, 
affecting approximately 2 billion people (i.e., one third of the 
world’s population) based on serologic evidence of past or pres-
ent HBV infection, including 360 million people with chronic 
HBV infection.27,28 Although the development of cirrhosis is 
dependent on a variety of host and viral factors such as age at 
infection and viremia level, cirrhosis develops in about 30% of 
individuals with active disease during their lifetime. After cir-
rhosis is established, 23% are expected to undergo decompensa-
tion, and 10% to 15% are expected to develop HCC at 5 years.29,30 
Although HBV is globally present, it is endemic in China, South-
east Asia, Pacific Islands, sub-Saharan Africa, Alaska, Peru, and 
northwestern Brazil.31,32 In developed countries, HBV infection 
tends to be more prevalent in certain population groups such 
as immigrants from endemic areas and drug abusers.33 Because 
HBV-associated cirrhosis usually does not manifest until the fifth 
decade in life or later, it is expected to remain a major public 
health problem worldwide until the cohort of vaccinated chil-
dren reach adulthood.34

Hepatitis C Virus
The hepatitis C virus (HCV) epidemic affects about 2.3% of the 
worldwide population, that is, an estimated 160 million individ-
uals.35 An estimated 1.8% of the U.S. population has chronic HCV 

infection. Northern European countries have a low HCV preva-
lence (<1%), and southern and eastern European countries such 
as Romania and rural areas in Greece, Italy, and Russia, exhibit 
higher (>2%) prevalence.36 A recent systematic review of the epi-
demiology of HCV in Asia, Australia, and Egypt estimated that 49.3 
to 64.0 million adults of this geographical area were anti-HCV 
positive.37 Although most countries of these regions have preva-
lence rates from 1% to 2%, countries such as Egypt (15%), Pakistan 
(4.7%), and Taiwan (4.4%) have relatively high prevalence rates.37

As with HBV, chronic HCV-related cirrhosis is also modulated 
by a number of host and viral factors, including age, host genetic 
factors, presence of steatosis, and alcohol consumption.38,39 After 
being infected, the lifetime risk of an individual to develop cir-
rhosis is about 20% over a period of 2 or 3 decades. With the 
establishment of cirrhosis, roughly 3% to 5% will decompensate, 
and 1% to 4% will develop HCC on a yearly basis.40 Because of the 
aging of the currently HCV-infected population, the burden of 
HCV-related cirrhosis is expected to increase in the medium term. 
A study from United States has shown that aging of the HCV-
infected population has already resulted in a significant increase 
in the prevalence of cirrhosis during the period 1996 to 2006.41 
According to another report from United States, the number of 
HCV-associated cirrhosis cases is estimated to rise by 24% and 
that of decompensated cirrhosis cases by 50%.42

Alcohol and HCV are thought to be the most important causes 
of cirrhosis in the United States. Mortality statistics from 1998 
show that of patients dying from chronic liver disease, about 40% 
of deaths were alcohol related, 15% were HCV related, and about 
4% were HBV related.42 Projections showed that although the 
prevalence of HCV infection may be decreasing currently because 
of the decline in incidence in the 1990s, the number of persons 
infected for 20 years has been projected to increase substantially 
before reaching a peak in 2015.43,44

Alcoholic Liver Disease
Patterns of alcohol intake around the world are constantly evolv-
ing and have a strong bearing on the prevalence and incidence of 
alcoholic liver disease (ALD). The annual per capita change in alco-
hol consumption in various countries has a direct correlation to 
cirrhosis mortality rates. This was confirmed in a Canadian study 
in which per capita alcohol consumption was demonstrated to 
closely correlate with mortality rates from alcoholic cirrhosis in 
both men and women.45 Although the precise incidence of alco-
holic hepatitis (AH) is unknown, a prevalence of approximately 
20% is estimated based on the liver biopsy findings in a cohort of 
1604 patients with alcoholism.46 Moreover, because up to 35% 
of those with alcoholism are estimated to have AH, the number 
of affected patients in the United States may be nearly 5 million.

Alcoholic liver disease is the second most common indication 
for orthotopic liver transplantation (OLT) for end-stage liver dis-
ease in the Western world.47 According to the United Network 
for Organ Sharing (UNOS) database, 41,734 cadaveric liver trans-
plants were performed in the United States between 1992 and 
2001.48 Of those, 12.5% were performed on patients with ALD. 
The probability of developing cirrhosis in patients with AH is 
approximately 10% to 20% per year, translating to an eventual cir-
rhosis development rate of approximately 70%.49 In another study, 
approximately 40% of patients with documented AH developed 
cirrhosis within 5 years.50
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Nonalcoholic Fatty Liver Disease
Nonalcoholic fatty liver disease (NAFLD) comprises a wide spec-
trum of liver damage, ranging from simple steatosis to steatohep-
atitis and cirrhosis, occurring in patients who do not consume 
significant amounts of alcohol.51 Whereas simple hepatic ste-
atosis is believed to have a generally benign course, fat deposi-
tion in the hepatocyte is complicated by liver inflammation and 
fibrosis (nonalcoholic steatohepatitis [NASH]) and can progress 
to cirrhosis.

There is a rising prevalence of NAFLD because of an increas-
ing number of individuals at risk in the general population,52–54 
translating to an ever-increasing population progressing to cir-
rhosis.55,56 Because of its causal association with metabolic syn-
drome, NAFLD commonly occurs in individuals with obesity, 
diabetes, and hyperlipidemia.51 It is estimated that 90% of people 
with obesity have some form of fatty liver, ranging from simple 
steatosis to more severe forms of NASH, including cirrhosis.57–59 
In the past 3 decades, the prevalence of obesity in North America 
has doubled and continues to rise exponentially.58 It is currently 
regarded as the most common form of chronic liver disease in 
the United States and in many parts of the world.60 In unselected 
populations, the estimated prevalence of NAFLD ranges from 3% 
to 36.9%.60 A recent study in the United States found that 34% of 
the population had hepatic steatosis.59 Additionally, many cases 
of cryptogenic cirrhosis appear to result from NAFLD, wherein 
they demonstrate one or more of the classical risk factors for the 
disease such as obesity, diabetes, and hypertriglyceridemia.

Autoimmune Hepatitis
Although autoimmune hepatitis (AIH) has a global occurrence, it 
was originally described in white northern Europeans and North 
Americans. Its incidence among white northern Europeans is 1.9 
cases per 100,000 persons per year, with a point prevalence of 
16.9 cases per 100,000 persons per year.61,62 In the United States, 
this disease affects 100,000 to 200,000 persons and accounts for 
5.9% of liver transplants; in Europe, it accounts for 2.6% of the 
transplants.63 The frequency of AIH in North America among 

patients with chronic liver disease is 11% to 23%. Cirrhosis is pres-
ent in one third of patients at diagnosis, and as many as a quar-
ter of patients initially show signs of decompensated cirrhosis.64 
Cirrhosis is generally more common in black North American 
patients (85%) than in white North American patients (38%) at 
initial diagnosis, also reflected by a more frequently diminished 
synthetic function.65

Definition and Classification of 
Portal Hypertension
Definition of Portal Hypertension
Portal hypertension is the hemodynamic abnormality associated 
with the most severe complications of cirrhosis, including ascites, 
bleeding from gastroesophageal varices, and hepatic encepha-
lopathy. PHT may also result from a number of noncirrhotic liver 
diseases and from nonhepatic diseases (▶ Table 1.2).66

The normal portal venous pressure ranges between 5 and 
10 mm Hg (equivalent of 7–14 cm H2O). A wedged hepatic venous 
pressure or direct portal venous pressure that is more than 5 mm 
Hg greater than the IVC pressure, a splenic pressure of more than 
15 mm Hg, or portal venous pressure, measured at surgery, of 
greater than 30 cm H2O is abnormal and indicates the presence of 
PHT.67 In the vast majority of patients, PHT is related to increased 
resistance to flow within the hepatic sinusoids, although it may 
result from diseases as vastly different as constrictive pericarditis 
and PV thrombosis.

The pressure gradient between the PV and the IVC represents 
the real perfusion pressure within the portal and hepatic cir-
culation, which under normal conditions is a high-flow, low-
resistance system, considering the high volume of portal blood 
flow (between 700 and 1000 mL/min). The various causes of an 
increased portal venous resistance are delineated by changes 
in the anatomic architecture (fibrous scars delineating nodules, 
distal venous thrombosis, collagenization of the space of Disse, 
and loss of the normal elasticity of the sinusoidal endothelium), 
changes in splanchnic hemodynamics (increased splanchnic blood  

Table 1.2  Causes of Noncirrhotic Portal Hypertension

Intrahepatic Presinusoidal PHT Sinusoidal PHT Extrahepatic Postsinusoidal PHT

Hepatic schistosomiasis Cirrhosis Budd-Chiari syndrome

Congenital hepatic fibrosis Noncirrhotic alcoholic liver disease Right heart failure

Noncirrhotic portal fibrosis Infiltrative disorders:
• Amyloidosis
• Systemic mastocytosis
• Malignancy
• Myeloproliferative disorder

Constrictive pericarditis

Nodular regenerative hyperplasia Suprahepatic IVC thrombosis

Primary biliary cirrhosis or primary sclerosing 
cholangitis

Pulmonary hypertension

Tricuspid valve regurgitation

Extrahepatic Presinusoidal PHT Intrahepatic Postsinusoidal PHT

Portal vein thrombosis Veno-occlusive disease

Superior mesenteric vein thrombosis Peliosis hepatis

Splenic vein thrombosis Hypervitaminosis A

IVC: inferior vena cava; PHT: portal hypertension.
Adapted from Molina et al. with modifications.66
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flow), and changes in the intrahepatic vascular resistance (vaso-
constriction of the sinusoids related to the transformation of 
stellate cells into myofibroblasts).68

Portal pressure is proportional to resistance and flow according 
to Ohm’s law: ΔP = Q ↔ R, where ΔP is the change in pressure 
along a vessel, Q is the flow in the vessel, and R is the resistance 
to that flow. Elevated portal pressure typical of cirrhosis has been 
postulated to include components of each, increased intrahepatic 
resistance as well as increased flow through the splanchnic sys-
tem. The extent of increased resistance to flow varies with the 
underlying type of liver disease and may occur at presinusoidal 
or postsinusoidal levels as in schistosomiasis and Budd-Chiari 
syndrome (BCS), respectively. Many forms of liver injury result in 
“sinusoidal” PHT. Postulated mechanisms for altered blood flow 
patterns in this process include regenerative nodules, intrahe-
patic shunts, and hepatocyte swelling.69–73 Additionally, extinc-
tion of typical vascular units after injury and repair may lead to 
increased intrahepatic resistance.74

Classification of Portal Hypertension
The causes of PHT are usually subcategorized as prehepatic, intra-
hepatic, and posthepatic (see ▶ Table 1.2). Prehepatic causes of 
PHT are those affecting the portal venous system before it enters 
the liver, including portal and splenic vein thrombosis. Posthe-
patic causes encompass those affecting the hepatic veins and 
venous drainage to the heart, including BCS, veno-occlusive dis-
ease, and chronic right-sided heart failure. Intrahepatic causes 
account for more than 95% of cases of PHT and are represented 
by the major forms of cirrhosis. Intrahepatic causes of PHT can 
be further subdivided into presinusoidal, sinusoidal, and postsi-
nusoidal causes.66,75 Postsinusoidal causes include veno-occlusive 
disease, and presinusoidal causes include congenital hepatic 
fibrosis and schistosomiasis. Sinusoidal causes are related to cir-
rhosis from various causes. Nonetheless, it is worthy to note that 
despite this defined nomenclature in stratifying PHT based on 
the anatomic considerations, there exists a great deal of variation 
among patients with the same disease as to whether they appear 
to have sinusoidal, presinusoidal, or a mixed form of PHT, based 
on the wedged hepatic vein pressure. For instance, patients with 
nonalcoholic cirrhosis have a portal venous pressure that exceeds 
the wedged hepatic venous pressure by at least 4 mm Hg (there 
is a presinusoidal component to their PHT); in the remainder, 
wedged hepatic venous pressure equals portal venous pressure.

Cirrhosis is the most common cause of PHT in the United States, 
and clinically significant PHT is present in more than 60% of patients 
with cirrhosis. PV obstruction may be idiopathic or can occur in 
association with cirrhosis or with infection, pancreatitis, abdom-
inal trauma, or various hypercoagulable disorders such as  poly-
cythemia rubra vera; essential thrombocytosis; or deficiencies in 
protein C, protein S, antithrombin 3, and factor V Leiden.

Budd-Chiari Syndrome
Budd-Chiari syndrome is characterized by hepatic venous out-
flow obstruction. Reductions in hepatic venous outflow can 
occur anywhere, at the level of the small or large hepatic veins, 
suprahepatic portion of the IVC, or right atrium (▶ Table 1.3).76 
Classically, BCS results from thrombosis of one or more hepatic 
veins at their points of entry into the IVC. This outflow blockage 

results in dramatic anatomic and physiologic changes within the 
liver. These deleterious changes of hepatic venous obstruction are 
transmitted directly to the hepatic sinusoids, resulting in sinusoi-
dal congestion, PHT, and reduced PV blood flow. The consequent 
clinical effects are manifested by abdominal pain, hepatomegaly, 

Table 1.3  Causes of Budd-Chiari Syndrome

Hypercoagulable States

  Antiphospholipid syndrome

  Antithrombin deficiency

  Factor V Leiden mutation

  Lupus anticoagulant

  Methylenetetrahydrofolate reductase mutation

 � Myeloproliferative disorders (including polycythemia vera and 
essential thrombocytosis)

  Oral contraceptives

  Paroxysmal nocturnal hemoglobinuria

  Postpartum thrombocytopenic purpura

  Pregnancy

  Prothrombin mutation G20210A

  Protein S deficiency

  Protein C deficiency

  Sickle cell disease

Infections

  Aspergillosis

  Filariasis

  Hydatid cysts

  Liver abscess (amebic or pyogenic)

  Pelvic cellulitis

  Schistosomiasis

  Syphilis

  Tuberculosis

Malignancies

  Adrenal carcinoma

  Bronchogenic carcinoma

  Hepatocellular carcinoma

  Leiomyosarcoma

  Leukemia

  Renal carcinoma

  Rhabdomyosarcoma

Miscellaneous

  Behçet’s disease

  Celiac disease

  Dacarbazine therapy

  Inflammatory bowel disease

  Laparoscopic cholecystectomy

  Membranous obstruction of the vena cava

  Polycystic liver disease

  Sarcoidosis

  Trauma to hepatic veins
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ascites, and impaired hepatic function. Intensive systematic 
investigations result in identification of one or several thrombotic 
risk factors in up to 90% of patients with primary BCS; usually 
more than one of these factors may be accounted for in at least 
25% of patients.77,78

In BCS, the liver has a mottled appearance on contrast-
enhanced computed tomography (CT). There is delayed 
enhancement at the margins of the liver and around the hepatic 
veins.76,79 The periphery of the liver appears low in density on 
contrast-enhanced CT because of reversal of portal venous blood 
flow, related to increased postsinusoidal pressure brought about 
by hepatic venous obstruction.76,79 Relative atrophy of the right 
and left hepatic lobes occurs with compensatory enlargement 
and increased enhancement of the caudate lobe; the caudate 
lobe is usually spared because it has a separate venous drain-
age direct to the IVC. Although the CT findings of BCS are often 
nonspecific, when thrombosis of the hepatic veins and the IVC 
is identified in the appropriate clinical setting, the diagnosis of 
BCS can be established. With magnetic resonance imaging (MRI), 
the liver appears atrophic and heterogeneous in 64% of patients, 
and venous thrombosis is identified in 86%.76,79 The affected 
areas are low (darker) in signal intensity on T1-weighted images 
and high (brighter) in signal intensity on T2-weighted images 
because of the hepatic congestive effects. The liver margin 
enhances poorly on T1-weighted images after the administra-
tion of intravenous gadolinium contrast, especially during the 
acute phase of the disease. In patients in whom the disease has 
become chronic, a nodular regenerative hyperplasia may ensue. 
These nodules have increased signal intensity on T1-weighted 
images and low to intermediate signal intensity on T2-weighted 
images. MRI readily demonstrates other features of the disease 
as well, such as thrombosis, occlusion, and narrowing of the IVC 
and hepatic veins. Venous collaterals may also be easily iden-
tified, including comma-shaped intrahepatic varices, which are 
a characteristic finding, often not appreciated on other imaging 
modalities. These collaterals form as means to bypass the level 
of obstruction.79 Finally, ultrasonography has a high sensitivity 
and specificity for the identification of BCS, and can demonstrate 
the echogenic fibrous cord within the IVC, which is a common 
cause of chronic BCS. Initially, there may be marked hepatomeg-
aly, often associated with gallbladder wall thickening, ascites, 
and splenomegaly. Color and Doppler images help demonstrate 
the underlying vascular abnormality and are able to gauge flow 
within vessels.76

Previously, it was believed that the best management of 
these patients was portal venous decompression using sur-
gically placed side-to-side portacaval shunts.80–82 However, 
more recently it has become obvious that many patients can 
be managed with anticoagulation alone, but for those with 
more advanced disease liver transplantation remains the only 
option.80 Thus, the number of patients with BCS who require 
hepatic decompression is limited. Patients with chronic BCS and 
refractory ascites are reasonable candidates for a transjugular 
intrahepatic portosystemic shunt (TIPS).80–83 In contrast, those 
with a TIPS placement for acute hepatic failure because of BCS 
fare suboptimally, with the rate of early mortality approaching 
50%.82,83 Generally, TIPS is used in patients with an intermediate 
prognosis and refractory ascites; those with less advanced dis-
ease can be managed with anticoagulation alone, and those with 
more severe disease are candidates for liver transplantation. For 

patients with acute hepatic failure caused by BCS, liver trans-
plantation is the best option, and TIPS should only be considered 
a bridge to transplantation.82

Conclusion
The pathophysiology of cirrhosis is complex and intriguing. The 
etiologies and classifications of cirrhosis and PHT are numer-
ous. Understanding these different etiologies and classifications 
would yield a better understanding of the disease processes and 
would allow for a targeted management approach.

Clinical Pearls
•	 Knowledge of the anatomy and function of the liver, as well 

as the pathophysiology of cirrhosis and portal hypertension 
is essential for better understanding of the disease processes 
associated with cirrhosis and portal hypertension.

•	 Cirrhosis and portal hypertension have numerous causes, and 
a thorough history and physical examination with targeted 
testing is crucial and cost effective.

•	 Budd-Chiari syndrome is an uncommon disorder but has 
substantial morbidity and mortality rate if it remains undiag-
nosed or inadequately managed.
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Chapter 2:  Clinical Presentation of Portal Hypertension
Mona H. Ismail and Abdullah M.S. Al-Osaimi

Introduction
Liver cirrhosis and portal hypertension (PHT) are common clini-
cal findings, and according to the Centers for Disease Control and 
Prevention, chronic liver disease and cirrhosis is the 12th leading 
cause of death in the United States. The recent data suggest that it 
is the eighth leading cause of death overall and the third leading 
cause of death in persons 45 to 64 years of age, and deaths related 
to chronic liver disease and cirrhosis has increased 3.3% between 
2009 and 2010. Current studies indicate that the mortality rate 
related to liver disease over the past 3 decades has remained 
unchanged.1,2 Liver disease continues to be a significant cause of 
morbidity and accounts for a substantial portion of health-care 
utilization in the United States and worldwide.3 Understanding 
the natural history of cirrhosis and PHT is important to identify 
patients at highest risk for complications of liver disease, includ-
ing liver cirrhosis. Such knowledge would permit early inter-
vention and potentially alter the clinical course of patients with 
chronic liver disease toward a favorable outcome. This chapter 
discusses the clinical presentation of cirrhosis and PHT.

Complications from Cirrhosis and 
Portal Hypertension
Regardless of the cause of cirrhosis, patients often remain asymp-
tomatic until complications of end-stage liver disease develop 
(▶ Table 2.1). Diagnosing asymptomatic patients usually follows 
from noting abnormal laboratory markers during incidental 
screening tests or from radiologic findings. Diagnosis becomes 
easier when signs of decompensation, including jaundice, ascites, 
and asterixis, are present.4,5 However, these patients are also at 
the highest risk for developing more serious and potentially 
life-threatening complications.5

Varices
Patients with cirrhosis often develop esophageal or gastric varices 
(GVs) caused by the portosystemic shunting that accompanies 
PHT.6 GVs usually form in the submucosal layer at the cardia or the 
fundus of the stomach because the posterior wall in this region of 
the stomach approaches the portosystemic collateral circulation. 
GVs receive most of their blood supply from the left, posterior, 
and short gastric veins and drain mainly through a gastrorenal 
shunt (▶ Fig. 2.1). About 85% of patients with GVs develop a sig-
nificant shunt that is able to pass extraordinarily large volumes of 
blood at high velocities. These GVs and resultant shunts predis-
pose patients to a higher risk of experiencing a massive variceal 
bleeding or hepatic encephalopathy (HE) (▶ Fig. 2.1; ▶ Fig. 2.2).7

Approximately 35% of patients with compensated cirrhosis 
and 80% of those with decompensated cirrhosis have varices at 
the time of diagnosis.8 Bleeding gastroesophageal varices is the 
most serious complication of cirrhosis (▶ Fig. 2.2; ▶ Fig. 2.3).9 One 
third of affected patients will experience a variceal bleed, which 
accounts for up to 90% of all bleeding episodes seen in these 
patients. Active bleeding at the time of endoscopy is one of the 
hallmarks for poor prognosis in patients with varices, particularly 
when accompanied by bacterial infection, portal vein thrombo-
sis, and a hepatic venous pressure gradient (HVPG) greater than 
12 mm Hg.6 Mortality rates from variceal bleeding have declined 
in recent years but still remain high. The 6-week mortality rate 
averages 15% to 20% per bleeding episode and correlates with 
disease severity.8 PHT may also lead to portal hypertensive gas-
tropathy (PHG), a serious condition that can cause acute or even 
massive blood loss. Endoscopic investigation shows abnormali-
ties in the gastric mucosa often described as a mosaic-like pattern 
that resembles snake skin. Pathologic changes responsible for 
these lesions originate from vascular ectasia rather than mucosal 
inflammation as originally thought.10 The low incidence of PHG, 
ranging from 2% to 12%, classifies this complication as a less com-
mon cause of upper gastrointestinal (GI) bleeding.10

Rectal varices, frequently confused with hemorrhoids, develop 
in about 4% of patients with PHT. Hemorrhoids develop in the 
submucosa of the anal canal and unlike varices do not communi-
cate with the portal circulation, nor occur with a higher incidence 
in portal hypertensive patients. A correlation of the thickness of 
the rectal wall has been suggested by endoscopic studies, but this 
association remains a topic of debate.11 Because rectal varices 
rarely bleed, they are of less clinical importance than either eso-
phageal varices or GVs. Detailed discussions on the medical and 
endoscopic management of varices are given in other chapters.

Ascites
Ascites develops secondary to PHT when excess fluids accumulate 
in the peritoneal cavity (▶ Fig. 2.4). It is the most common com-
plication of cirrhosis seen in approximately 60% of compensated 
patients within 10 years of disease onset.12 Arterial splanchnic 
vasodilation leads to arterial hypotension with activation of both 
sympathetic nervous and renin–angiotensin–aldosterone system 
(RAAS). Excessive sodium accumulation consequent to the body’s 

Table 2.1  The Most Common Etiologies of Cirrhosis4,5

Etiology Associated Physical Conditions

Alcohol Dementia, peripheral neuropathy, oral or 
esophageal cancer

HCV Cryoglobulinemia (arthritis, vasculitis)

HBV Arthritis, PAN

Primary biliary cirrhosis Sicca syndrome, xanthelasma, 
hyperlipidemia36

Primary sclerosing 
cholangitis

IBD, UC

NAFLD or NASH Obesity, metabolic syndrome, type II 
diabetes

Wilson’s disease Neurologic symptoms (Parkinson-like)

Hemochromatosis Arthritis, myocarditis, diabetes

Autoimmune hepatitis Autoimmune hemolytic anemia, IBD, celiac 
disease, autoimmune thyroiditis

HBV: hepatitis B virus; HCV: hepatitis C virus; IBD: inflammatory bowel 
disease; NAFLD: nonalcoholic fatty liver disease; NASH: nonalcoholic 
steatohepatitis; PAN: polyarteritis nodosa; UC: ulcerative colitis.
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Fig. 2.1  Anatomy of the portal circulation. Gastric varices caused by 
splenic vein thrombosis (SVT) tend to arise from the short gastric 
veins running from the hilum of the spleen to the greater curvature 
aspect of the stomach rather than through splenorenal or gastrorenal 
shunts common with portal hypertensive fundal varices. IVC: inferior 
vena cava; LGV: left gastric vein; LRV: left renal vein; PV: portal vein; 
SGV: short gastric vein; SMV: superior mesenteric vein.

Fig. 2.2  Photographs of gastric varices. (a) Large (>3 cm) gastric varices (IGV-1; isolated gastric varices-type 1) with no stigmata of bleeding. (b) A large 
IGV-1 with evidence of recent bleeding (blood in the stomach and a nipple or dimple sign). (c) The nipple sign area with active bleeding. (d) Mosaic (snake 
skin–like appearance) pattern of post-BRTO (balloon retrograde transvenous obliteration) findings of a GOV-2 (gastroesophageal varices-type 2).
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failure to adequately excrete sodium into urine ultimately results 
in ascites and edema. Performing a paracentesis and appropriate 
analysis of the ascitic fluid helps rule out other possible causes of 
fluid buildup.12 Cirrhosis accounts for more than 75% of all causes 
of ascites. The remaining 25% of ascites cases are caused by malig-
nancy (10%), cardiac failure (3%), pancreatitis (1%), tuberculosis 
(2%), or other factors.13 Patients who develop ascites tend to have 
a poor prognosis and diminished quality of life. Thus, they should 
be considered for liver transplantation upon diagnosis.12

Pathogenic alterations responsible for ascites in patients with 
cirrhosis include 2 separate mechanisms.14 The first is caused 
by increased portal flow resistance at the sinusoids, creating 
sinusoidal PHT and an associated pressure backwash into the 
splanchnic capillaries. Excess fluid preferentially accumulates in 
the peritoneal cavity, and blood flow increases to the splanch-
nic area, leading to further increases in portal pressure. The sec-
ond mechanism precedes ascites formation and relates to sus-
tained renal sodium retention. The initiating process remains a 
subject of controversy but may involve hepatorenal baroreflex 

from PHT or nominal activation of the RAAS caused by subtle 
hypovolemia.14

The continuous escape of fluids into the interstitial space as 
a result of these hemodynamic changes is partly compensated 
by reabsorption into the systemic circulation via the lymphatic 
system and thoracic duct. When cirrhosis progresses to a point 
where the lymphatic system can no longer manage the overload, 
excess fluid progressively accumulates into the peritoneal cav-
ity, which perpetuates sodium and water reabsorption caused 
by decreased intravascular systemic volume in addition to ele-
vated norepinephrine and other systemic vasoconstrictors. Die-
tary changes and moderate doses of diuretics can usually man-
age ascites when presenting at an early stage. However, 10% of 
patients will become refractory when their condition becomes 
resistant to diuretics.14 An appropriate mode of treatment for 
ascites classified by its severity is shown in ▶ Table 2.2.

Increases in sodium retention (urine sodium <10 mEq/L) is 
accompanied by a decline in glomerular filtration rate. Patients 
with more advanced stages of decompensated cirrhosis develop 

Fig. 2.3  Classifications of esophageal varices. (a) Small, low-risk esophageal varices (or F1), almost flattened out with insufflation. (b) Medium-sized, 
low-risk esophageal varices (F2) that did not flatten with insufflation. (c) Large esophageal varices greater than one third of the esophageal lumen with 
some high-risk stigmata (red marks or wheals). (d) Esophageal varices with high-risk stigmata for recent bleeding and rebleed with red marks and a 
nipple sign or fibrin plug.
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low arterial pressure because of a further reduction of the periph-
eral vascular resistance. Eventually, sodium becomes primarily 
absorbed at the renal tubules and proximal to the site of diu-
retic action, explaining why treatment begins to fail in a subset 
of patients. At this stage, patient prognosis becomes dismal and 
implies a low 2-year probability of survival.14

Refractory ascites typically associates with other serious com-
plications, including spontaneous bacterial peritonitis (SBP), 
muscle wasting, pleural effusion, and dilutional hyponatremia. 
The first line of treatment involves large-volume paracentesis and 
administering albumin if more than 5 L is removed.12,14 Patients 
may continue on diuretics if effective and perhaps undergo inser-
tion of a transjugular intrahepatic portosystemic shunt (TIPS) to 
decompress the portal system (see ▶ Table 2.2).12 Detailed man-
agement of ascites is discussed in a separate chapter.

Spontaneous Bacterial Peritonitis
Patients with cirrhosis have an increased susceptibility to bac-
terial infections, and development of an infection in cirrhotic 
patients is often associated with a poor outcome and high 

mortality rate. SBP is one the commonest infections in cirrhosis. 
It arises as an acute infection of the ascitic fluid and is defined 
by an ascitic polymorphonuclear leukocyte (PMN) count of 0.25 
× 109⁄L or greater.15,16 Usually there is no obvious source of infec-
tion such as an abscess, hollow viscous perforation, acute pancre-
atitis, or cholecystitis. SBP infection is precipitated by bacterial 
translocation of gram-negative bacteria, including Escherichia 
coli and Klebsiella spp. from the intestine but may also originate 
from long-term antibiotic prophylaxis with fluoroquinolones.15 
Most patients with SBP present with symptoms typical of peri-
toneal infection, especially abdominal pain, fever, and diarrhea, 
although a small percentage remain asymptomatic.17 Signs of liver 
or renal impairment suggestive of SBP include the development of 
HE and may offer important clues for diagnosis in asymptomatic 
patients.18

Whereas spontaneous bacterial peritonitis almost always 
develops in patients with cirrhosis who have large-volume 
ascites, low-volume ascites and ascites from other origins rarely 
cause concern for infection.17 Renal dysfunction develops in one 
third of patients with SBP likely because of a reduced effective cir-
culating volume.18 Serum creatinine levels greater than 1 mg/dL  

Fig. 2.4  Illustration of ascites caused by cirrhosis and portal hypertension.

Table 2.2  Ascites Severity and Recommended Treatment12

Grade of Ascites Defined by Severity Treatment

Grade 1: Mild (only detectable by ultrasonography) None; consider dietary sodium restriction

Grade 2: Moderate ascites evidenced by symmetrical distension 
of abdomen

Dietary sodium restriction and diuretics 

Grade 3: Gross ascites marked by abdominal distension Dietary sodium restriction, diuretics, and large-volume paracenteses; 
TIPS for persistence/refractory ascites 

TIPS: transjugular intrahepatic portosystemic shunt.
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Table 2.3  Classification of Ascites Based on the Serum-Ascites 
Albumin Gradient

Nonportal Hypertensive Ascites
SAAG < 1.1 g/dL

Portal Hypertensive Ascites
SAAG ê 1.1 g/dL

Malignant Cirrhosis

Infectious Budd-Chiari syndrome

Nephrogenic Cardiac congestive heart failure

Pancreatic ascites Constrictive pericarditis

Bile ascites Veno-occlusive disease

Myxedema Portal vein thrombosis

Polycystic liver disease

SAAG: serum-ascites albumin gradient.

at the time of diagnosis represents an important risk factor for 
death in these patients, and those at risk may benefit from renal 
volume expansion with albumin via intravenous infusion.17,18 
Although once considered a highly feared complication of cirrho-
sis, SBP has become a highly treatable condition, although it has a 
high recurrence rate.17

Serum-Ascites Albumin Gradient
Paracentesis followed by an ascitic fluid analysis provides the 
most rapid and cost-effective approach for distinguishing por-
tal from nonportal hypertension ascites because the ascitic fluid 
albumin (and protein) content can readily distinguish the two.12 
Classification of ascites made using the serum-ascites albumin 
gradient (SAAG) allows reliable assessment of the ascites etiol-
ogy. This method has largely replaced less reliable techniques that 
relied on sole measurement of ascitic fluid protein concentra-
tion.13 Calculating the SAAG involves subtracting the concentra-
tion of albumin in ascitic fluid from that in serum using samples 
withdrawn from the patient on the same day. Whereas a SAAG of 
less than 1.1 g/dL suggests an ascites etiology of nonportal hyper-
tensive origin seen in about 15% of patients (▶ Table 2.3), a SAAG 
of 1.1 g/dL or greater predicts ascites caused by PHT with more 
than 97% accuracy.13,16

Hepatic Hydrothorax
Hepatic hydrothorax (HH) is defined as serious pleural effusion 
(>500 mL) that occasionally develops in patients with cirrhosis 
who otherwise have no underlying pulmonary or cardiac dis-
ease.19,20 This condition appears predominantly right sided in up 
to 87% of all HH cases but may also affect the left pleural cavity 
or present bilaterally. HH leads to significant patient morbidity 
because even modest volumes of pleural fluid can cause seri-
ous respiratory problems. Onset occurs when ascitic fluid leaks 
through small defects in the diaphragm, which is the most plausi-
ble explanation. The negative intrathoracic pressure generated by 
inspiration favors unidirectional passage of fluid from the abdo-
men to the pleural space that later gets trapped and absorbed. HH 
occurs when the rate of fluid accumulation exceeds the absorptive 
capacity of the pleura. Whether patients have clinically detectable 
ascites at the time HH presents depends on the pleural space leak-
age caused by the negative thoracic pressures during inspiration.20

Hepatorenal Syndrome
Hepatorenal syndrome (HRS) is a type of acute kidney injury and 
is a serious complication of liver failure and cirrhosis. Its onset 
follows a severe compromise in renal perfusion, which might 
reverse with albumin infusion or with administering vasocon-
strictors.21 Two types of HRS exist (types I and II), which may be 
differentiated based on laboratory findings and clinical features. 
Whereas renal failure in type II patients progresses slowly (aver-
age serum creatinine of 1.5 mg/dL), those with type I HRS expe-
rience an acute and rapid onset marked by quickly rising serum 
creatinine levels that reach above 2.5 mg/dL within 2 weeks.21 
Regardless of the cause of HRS, it is associated with a poor prog-
nosis. The expected survival time of these patients is diminished 
to weeks after the onset of HRS if left untreated.

Several precipitating events can lead to HRS development, 
including SBP, but also infections such as pneumonia, cellulitis or 
urinary tract infection, hepatitis, GI hemorrhage, and major sur-
gical procedures. Type II HRS presents with refractory ascites and 
likely represents the end result of a complex series of circulatory 
and renal dysfunctions linked to cirrhosis. The peripheral arterial 
vasodilation theory best explains the mechanism behind type II 
onset.21 Enhanced local release of nitric oxide and other vasodi-
lators during PHT stimulates arterial vasodilation in the splanch-
nic circulation. A slow deterioration in cardiac function may also 
precede the onset of HRS.22 Clinical features seen in individuals 
with type I HRS include impaired hepatic, renal, cardiovascular, 
and adrenal function thought to occur as part of a more complex 
syndrome called acute-on-chronic liver failure (ACLF).21,23

Portopulmonary Hypertension and 
Hepatopulmonary Syndrome
Approximately one third of patients with cirrhosis will develop 
vascular pulmonary complications broadly categorized into por-
topulmonary hypertension (PoPH; 4%–8%) and hepatopulmo-
nary syndrome (HPS; 15%–30%).24 These 2 syndromes constitute 
opposing responses to the same clinical condition, and neither 
depends on the underlying cause or severity of PHT. PoPH is a 
state of pulmonary arterial hypertension defined by a mean pul-
monary arterial pressure (mPAP) above 25 mm Hg at rest or above 
30 mm Hg while exercising; a pulmonary vascular resistance 
above 240  dynes.s.cm-5; and a capillary wedge pressure below 
15 mm Hg.24 Dyspnea upon exertion is a sign of PoPH, but patients 
frequently remain asymptomatic. In fact, PoPH often gets picked 
up during a routine echocardiogram that shows an elevated right 
ventricular systolic pressure (RVSP). An RVSP above 40 mm Hg 
requires following up with right heart catheterization to confirm 
changes from pulmonary arterial hypertension rather than other 
causes related to volume overload.25 Reducing the pulmonary 
pressure with vasodilators provides an appropriate pharmaco-
therapy for managing PoPH. Liver transplantation, once contrain-
dicated for patients with PoPH, may now be safely attempted as 
long as the patient has proper mPAP control and no right heart 
failure.25

The second syndrome is HPS. HPS is due to intrapulmonary 
microvascular vasodilation and a widened alveolar–arterial oxy-
gen gradient on room air (>15 mm Hg) with or without hypox-
emia.24,25 Although commonly seen in patients with cirrhosis 
who have PHT, HPS need not associate with either condition. This 
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syndrome has also been described in individuals with acute or 
chronic hepatitis and no PHT as well as others with PHT and non-
cirrhotic liver disease such as nodular regenerative hyperplasia.25 
Patients with cirrhosis who have HPS experience increasing pul-
monary vasodilation and diminished gas exchange as their con-
dition worsens. HPS is associated with a high mortality rate, but 
orthotopic liver transplantation (OLT) can successfully reverse the 
condition.24 Clinical studies so far have failed to confirm effective 
medical therapies for HPS; OLT currently provides the only defin-
itive treatment.25 Supplemental oxygen therapy gives relief when 
hypoxemia presents.

Hepatic Encephalopathy
Hepatic encephalopathy is the onset of brain dysfunction result-
ing from metabolic alterations accompanying liver cirrhosis or 
acute liver failure. The condition arises mainly from reduced 
clearance of gut-derived neurotoxins, although other substances 
normally cleared by the liver may also contribute. Initially, 
patients may appear confused, but if left untreated, this poten-
tially reversible condition can quickly progress to irreversible 
cognitive dysfunction and coma.26 Treatment involves identify-
ing and removing precipitating factors and reducing the load of 
ammonia reaching the liver by giving the patient lactulose.4 All 
patients with cirrhosis who present with an altered mental state 
should be evaluated for focal neurologic signs associated with HE, 
but these rarely appear and are regressive. After the first HE epi-
sode occurs, patient’s expected 1- and 3-year survival rates are 
42% and 23%, respectively.26

Hepatic encephalopathy is divided into 3 nomenclature types. 
The first, type A, refers to HE in acute liver failure; type B is HE 
associated with portosystemic bypass and no intrinsic liver dis-
ease; and type C describes HE in patients with cirrhosis with 
PHT.26 Type C may present persistently, episodically, or minimally 
depending on the precipitating factors and clinical manifesta-
tions. Episodic HE usually occurs secondary to a precipitating 
event but can also initiate spontaneously. The common precipi-
tating factors for HE are listed in ▶ Table 2.4.

The severity of mental disturbance, ranging from mild cogni-
tive changes to coma, is most often graded by the West Haven 
Criteria (▶ Table 2.5).27 Reliable classification in more severe cases 
relies on using the Glasgow Coma Scale (GCS), which provides a 

more objective and reproducible assessment of mental impair-
ment than West Haven criteria. The portosystemic encephalop-
athy (PSE) score calculated based on the patient’s mental status, 
electroencephalographic abnormalities, and ammonia levels also 
objectively describes the clinical severity of HE.27 The PSE serves 
primarily as a research tool and has not surpassed West Haven 
Criteria acceptance for classifying HE in clinical practice.27

Despite significant research devoted to understanding the 
mechanism of HE, controversies still remain regarding its patho-
physiology. Most experts believe that nitrogenous toxins originat-
ing from the gut adversely influence mental function. In healthy 
subjects with normal hepatocyte function, 80% to 90% of ammo-
nia derived from the colonic bacteria gets excreted through first-
pass metabolism.27 Buildup of cellular ammonia as a consequence 
of liver failure may result in cerebral energy failure in addition 
to altered neurotransmissions by disrupting the GABAergic (gam-
ma-aminobutyric acid) pathway.28 Astrocyte swelling caused by 
ammonia detoxification in these cells and a consequent accumu-
lation of glutamine are responsible for the brain edema observed 
in these patients. Astrocyte swelling may also accompany gluta-
mate uptake or occur in response to extracellular acidosis.29

Symptoms and Physical 
Examination
The majority of patients with cirrhosis are asymptomatic. The 
onset of symptoms in these patients usually occurs insidiously but 
can also be abrupt. Cirrhosis may be suspected when the patient 
presents with mild symptoms, including weakness, fatigue, mus-
cle cramps, weight loss, or sleep disturbances or other symptoms 
of HE. More telling symptoms usually reflect decompensation, 
including hematemesis, hematochezia, melena, jaundice, and 
anorexia with nausea (which can be severe). Patients may com-
plain of abdominal pain related to stretching of Glisson’s capsule 
or the development of ascites. About two thirds of patients will 
have signs of an enlarged, palpable liver predominantly affecting 
the left lobe. Women sometimes experience menstrual irregu-
larities, and men might experience erectile dysfunction or steril-
ity.30,31 Increased estradiol levels in men give rise to proliferation 
of glandular tissue in the breast, or gynecomastia.30

Bulging flank and flank dullness to percussion caused by accu-
mulation of fluid in the abdomen provides the most accurate 

Table 2.4  Precipitants of Hepatic Encephalopathy27

Progressive liver failure

GI bleeding

Infection (e.g., SBP) and SIRS

Constipation

Renal failure or fluid electrolyte disturbance (e.g., dehydration, 
hypokalemia, and alkalosis)

Excessive protein intake

General anesthesia and psychotropic drugs, including barbiturates, 
benzodiazepines, and narcotic analgesics 

Unknown causes (20%–30% of cases)

GI: gastrointestinal; SBP: spontaneous bacterial peritonitis; SIRS: 
systemic inflammatory response syndrome.

Table 2.5  Stages of Hepatic Encephalopathy27

Stage Clinical
Neurologic Signs 
and Symptoms

0 Forgetfulness, mild 
confusion, and irritability

Abnormalities seen only 
during psychometric analysis

1 Restlessness, inverted sleep 
pattern

Tremor, apraxia, small 
handwriting

2 Lethargic, slowed mentation; 
disoriented in time and place

Asterixis, dysarthria, ataxia, 
and hypoactive reflexes

3 Somnolence but arousable; 
more disoriented in time, 
place, and person

Asterixis, hyperactive 
reflexes, muscle rigidity, and 
Babinski’s sign

4 Comatose Decerebrate posturing, 
areflexia
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prediction of ascites. In fact, the absence of flank dullness occurs 
in only about 10% of patients who have ascites.30 Examination of 
whether the dullness shifts with rotation of the patient or it per-
sists when percussed anteriorly can help determine the extent of 
ascites development. Fever with hypotension, abdominal tender-
ness, and decreased bowel sound suggests the onset of SBP but 
can also manifest from alcoholic hepatitis or concurrent infection.

A physical examination may identify changes in the skin apart 
from jaundice that reveal liver disease. Vascular spider angioma 
commonly presents on the trunk, face, and upper extremities, and 
their number and size correlate with disease severity.30 However, 
spider angioma can also indicate pregnancy or malnourishment. 
Palmar erythema characterized by an exaggerated and mottled 
redness on the thenar and hypothenar eminences develops as 
a result of changes in metabolism and sex hormones. The nails 
frequently show discoloration or clubbing and Dupuytren’s con-
tractures manifested as thickening and shortening of the palmar 
fascia commonly occur. Evidence of vitamin deficiency, including 
glossitis and cheilosis, are frequently present.

Laboratory Evaluation
A positive diagnosis for cirrhosis is made on the basis of labora-
tory and radiographic findings. Serum albumin and prothrombin 
time measurements provide clues regarding liver function, and 
serum bilirubin levels indicate the liver’s capacity to conjugate 
and excrete bilirubin.4 Elevated aminotransferases with aspartate 
aminotransferase (AST) greater than alanine aminotransferase 
(ALT) suggests cirrhosis, but the absence of this finding does not 
exclude the presence of cirrhosis. A low platelet count is sug-
gestive of PHT and hypersplenism. When SBP is suspected, the 
patient should be investigated with a full blood count, urinalysis, 
and ascitic fluid cell count, as well as ascites, blood, and urine cul-
tures.17 Laboratory tests also help identify the underlying cause 
of cirrhosis because specific findings can determine the different 
etiologies of cirrhosis (▶ Table 2.6).

Several laboratory tests, scores, and indices have emerged as 
noninvasive predictors of cirrhosis.4,32 The APRI index measures 

the AST-to-platelet ratio and is able to predict cirrhosis with a high 
degree of accuracy.32 Scores generated by the patented FibroTest 
based on serum biomarkers (haptoglobin, α2-macroglobulin, 
apolipoprotein A1, γ-glutamyltransferase [γGT], and bilirubin) 
plus age and gender show a good correlation with PHT severity.33 
Other algorithms include the Hepascore combining hyaluronic 
acid, total bilirubin, γGT, α2-macroglobulin, age, and sex for pre-
dicting the degree of liver fibrosis but with limitations,34 and the 
BARD score is composed of 3 variables—body mass index, AST-
to-ALT ratio, and presence of diabetes—for identifying nonalco-
holic fatty liver disease patients with advanced fibrosis. Despite 
advances in laboratory testing for evaluating chronic liver disease, 
liver biopsy remains the gold standard for the diagnosis of liver 
cirrhosis. However, liver biopsy is an invasive procedure and is 
costly and not appropriate for all patients (e.g., patients with pro-
longed prothrombin times or low platelet counts) with potential 
side effects and risks. Thus, liver biopsy is not necessary in the 
presence of decompensated cirrhosis or when imaging studies 
or laboratory tests have confirmed the presence of cirrhosis. The 
decision on whether to perform a histologic assessment should 
be reserved for selected patients.4

Radiologic Evaluation
Imaging techniques are an attractive method of evaluating cir-
rhosis because of their noninvasiveness and ability to detect 
structural changes and determine complications of liver cirrho-
sis, including ascites, varices, PHT, splenomegaly, and nodular 
liver or liver masses. Conventional imaging techniques, including 
ultrasonography, computed tomography (CT), and magnetic res-
onance imaging (MRI), provide initial evaluation of the hepatic 
architecture but are not particularly sensitive in detecting cirrho-
sis and have a low predictive value. Upper GI endoscopy currently 
sets the bar for reliable identification of esophageal varices, but 
abdominal CT scanning has shown promise as a reliable tool for 
identifying varices and is a safer and more cost-effective proce-
dure.35 Ultrasound color duplex Doppler helps visualize the upper 
abdominal vasculature changes caused by the development of 

Table 2.6  Diagnostic Laboratory Tests for the Most Common Causes of Liver Cirrhosis4,5

Cause Diagnostic Laboratory Parameters

Alcohol AST/ALT ≥ 2, γGT (↑), MCV (↑)

HCV Anti-HCV ELISA antibody, HCV-RNA and genotype 

HBV HBsAg, anti-HBV “s” and “c” antibodies, HBV-DNA

Primary biliary cirrhosis γGT (↑), ALP (↑), AMA (+)

Primary sclerosing cholangitis Anti-pANCA (70%), ALP/γGT; imaging: beaded intra- and extrahepatic bile ducts

NAFLD or NASH HDL cholesterol (↓), glucose (↑), triglycerides (↑), HbA1C, TSH, insulin resistance

Wilson’s disease Ceruloplasmin (↓), 24-hour urinary copper excretion (↑), slit-lamp: corneal copper deposits, hepatic copper (↑)

Hemochromatosis Fasting transferrin saturation index >45%, ferritin (↑), HFE gene mutation, hepatic iron index/content (↑)

Autoimmune hepatitis ANA (+), ASMA (+), LKM (+), HLA

↑: increased; ↓: decreased; (+): positive test result; ALP: alkaline phosphatase; ALT: alanine aminotransferase; AMA: antimitochondrial antibody; 
ANA: antinuclear antibody; ASMA: anti–smooth muscle antibody; AST: aspartate aminotransferase; γGT: γ-glutamyltransferase; HbA1C: hemoglobin 
A1C; HBsAg: hepatitis B surface antigen; HBV: hepatitis B virus; HCV: hepatitis C virus; HDL: high-density lipoprotein; HFE: hemochromatosis; 
HLA: human leukocyte antigen; LKM: liver-kidney-microsomal; MCV: mean corpuscular volume; NAFLD: nonalcoholic fatty liver disease; 
NASH: nonalcoholic steatohepatitis; pANCA: perinuclear neutrophils cytoplasmic antigen; TSH: thyroid-stimulating hormone.
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portosystemic collateral circulation and enlarged portal and 
splanchnic veins from PHT.35 Supporting information from CT 
and MRI also helps diagnose PHT by identifying venous structure 
alterations, particularly portosystemic collaterals.5 Endosonog-
raphy, which combines ultrasonography and endoscopy, is the 
method of choice for identifying deep rectal varices.11

Measuring liver stiffness using transient elastography (Fibro-
Scan) has shown a reasonable track record for detecting advanced 
cirrhosis, although its predictive value for moderate disease 
remains inconclusive.35 An accurate evaluation of liver stiffness 
with FibroScan relies on detecting diagnostic patterns in trans-
mitted elastic wave velocities, where increasing degrees of scar-
ring or fibrosis have decreasing elasticity and a shear wave prop-
agating through stiffer material would progress faster than in a 
more elastic material. Thus, the stiffer the liver, the faster the 
sheer waves propagates. Thus, FibroScan is a noninvasive, safe, 
rapid, and reproducible method but has shown some limitations 
when used for evaluating obese patients and those with ascites 
and small intercostal spaces. Recent studies have demonstrated 
good correlations between FibroScan results and HVPG values. 
However, further studies are needed before recommending this 
technique as a routine tool for grading PHT.35

Severity of Liver Disease  
Scoring Systems
After a patient has been confirmed to have liver cirrhosis, scoring 
the severity of disease becomes the next important step. Several 
predictive scoring systems have been developed and validated 
to evaluate the severity and prognosis of cirrhosis. Liver-specific 
scores (Child-Turcotte-Pugh [CTP] and model for end-stage liver 
disease [MELD]) are the most commonly used. The CTP score 
assesses liver disease severity and prognosis using a combined 
evaluation of laboratory (total bilirubin, albumin, and prothrom-
bin time) and clinical (severity and presence of ascites and HE) 
parameters (▶  Table 2.7). One-year survival rates for patients 
graded with the CTP scoring system range from 45% (highest) to 
100% (lowest score). The MELD score is based on an algorithmic 
calculation of international normalized ratio, total bilirubin, and 
creatinine. The MELD score furnishes a more robust assessment 
of mortality risk from cirrhosis and helps prioritize patients on 
the transplant waiting list.4

A more general prognostic model, referred to as the Acute Phys-
iology and Chronic Health Evaluation (APACHE), was designed for 
measuring severity of illness in patients admitted to the inten-
sive care unit (ICU). This model and 2 other organ dysfunction 
models (Organ System Failure [OSF] and Sequential Organ Failure 

Assessment [SOFA]) performed very well in ICU patients with cir-
rhosis perhaps because liver failure contributes only partially to 
the risk of death in this subpopulation.35 The fact that the APACHE 
model contains serum albumin and bilirubin may also bolster its 
performance in assessing cirrhosis severity specifically.35

Conclusion
The clinical presentation of liver cirrhosis and of PHT extends 
over a wide spectrum and usually involves multiple organs. Each 
presentation has its potential causes and its different stages and 
requires specific therapies. The knowledge of the complications, 
the clinical presentation, and the different stages of liver cirrhosis 
and PHT is an essential guide to physicians and practitioners to 
ensure optimal medical care and timely interventions that will 
lead to successful patient outcomes.

Clinical Pearls
•	 Knowledge of the appropriate diagnostic criteria and tools of 

the possible complications of portal hypertension is essential 
for better outcomes.

•	 Esophageal and gastric varices are common among patients 
with cirrhosis.

•	 The incidence of bleeding varices correlates with Child-Pugh 
classification and platelet counts below 100,000/mL.

•	 SBP is common among patients with ascites, and antibiotic- 
resistant SBP is emerging.

•	 SAAG is an important indicator for the cause of ascites.
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Introduction
Patients with chronic liver disease, especially those with cirrhosis, 
are at a higher risk of developing portal hypertension (PHT).1 PHT 
is a compromise of the portal venous system as the result of a vari-
ety of benign and malignant conditions that cause increase in pres-
sure in the portal venous inflow because of an increase in vascular 
resistance.2 It is a major complication in cirrhosis caused by sinu-
soidal fibrosis and vasoconstriction, which increases intrahepatic 
resistance, leading to collateral veins and portosystemic shunts.

Portal hypertension has been classified based on the site of 
increased resistance to portal blood flow. Suprahepatic or pre-
hepatic causes are most commonly caused by thrombosis of the 
portal or the splenic vein (SV); intrahepatic causes are subdivided 
into presinusoidal, sinusoidal, and postsinusoidal; and extra-
hepatic causes (Budd-Chiari syndrome, neoplastic infiltration 
through the hepatic veins, chronic right ventricular failure, and 
constrictive pericarditis, among others) overlap often with intra-
hepatic diseases such as Budd-Chiari syndrome.3

Normal portal pressure is between 5 and 10 mm Hg. Portal 
pressure above 10 mm Hg will diagnose PHT, and if portal pres-
sure exceeds 12 mm Hg (▶ Fig. 3.1), the threshold for variceal rup-
ture is elevated.4 Hepatic venous pressure gradient (HVPG) and 
free portal pressure are available methods for accurate evaluation 
of portal vein (PV) pressure. However, because of their invasive-
ness, they are not routinely performed. Therefore, there is a need 
to develop noninvasive and reliable imaging techniques for accu-
rate diagnosis of PHT.

This chapter discusses the anatomy and imaging features of 
PHT by noninvasive cross-sectional imaging techniques. It also 
discusses novel cross-sectional techniques that could potentially 
be applicable to cases of PHT.

Venous Pathways in Portal 
Hypertension
There are several pathways of collateral circulation that return 
portal flow to the systemic venous circulation without passing 

through the liver. Most of the portosystemic collateral veins are 
preexistent (▶ Fig. 3.2) and simply enlarge in PHT. Despite the for-
mation of collateral circulation, portal pressure usually remains 
elevated. These facts suggest that other mechanisms besides 
occlusion are involved in PHT.5 Noninvasive imaging techniques 
are used to accurately assess the main PV, diagnose PHT, and detect 
portosystemic collateral veins. Increased blood flow through col-
laterals transmitted from portal venous branches results in dilata-
tion of the venous tributaries (▶ Table 3.1). The main pathways for 
collateral circulation include the following (▶ Fig. 3.3):
1.	 Esophageal and paraesophageal varices
	 Esophageal varices are tortuous veins along the distal esoph-

ageal wall. These are commonly known as cardiac varices 
along the submucosa in the lower third of the esophagus 
(▶ Fig. 3.4). Paraesophageal varices are collaterals in the 
posterior mediastinum beyond the esophageal wall. They 
connect with the left gastric vein, azygos, hemiazygos, and 
vertebral plexus (▶ Fig. 3.5). These varices do not commu-
nicate with the esophageal submucosa, which differentiates 
them from periesophageal veins.6 Esophageal and paraesoph-
ageal varices are the most common causes of upper gastroin-
testinal bleeding in PHT.6

2.	 Gastric varices
	 Retrogastric varices are supplied by the left gastric vein 

(coronary vein), and they drain to the esophageal or parae-
sophageal vein and then to the azygos system. These veins 
could present reverse flow direction to form submucosal 
esophageal and periesophageal varices.

	   Gastric veins are primarily supplied by the short gastric 
vein that connects the gastric fundus and the left side of the 
greater curvature of the stomach to the SV.6–8 In most cases, 
they drain into the superior vena cava (SVC) via the esopha-
geal varices (▶ Fig. 3.6) and remain connected to the inferior 
vena cava (IVC) via the left renal vein (splenorenal shunt).7,9,10

3.	 Paraumbilical varices and abdominal wall varices
	 Paraumbilical veins usually are collapsed, forming the fal-

ciform ligament. In patients with PHT, they tend to enlarge, 
arising from the left PV and coursing along the falciform 
ligament.9,11 Recanalization of the paraumbilical vein is seen in 

Fig. 3.1  Contrast-enhanced computed tomography scan of a 74-year-old woman. Portal phase in the axial (a), coronal (b), and sagittal (c) planes 
demonstrating a tortuous and dilated portal vein (arrows) measuring approximately 2 cm at the level of the hilum compatible with portal hypertension.
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43% of the patients with PHT.12 The majority of paraumbilical 
veins drain into the SVC through the inferior epigastric veins9 
(▶ Fig. 3.7).

	   Abdominal varices are commonly described as caput 
medusa because of their radiating pattern, emerging from the 
umbilicus and draining into the epigastric veins. Abdominal 

Fig. 3.3  Physiologic portosystemic anastomoses (a) and changes in portosystemic anastomoses (b) caused by portal hypertension.
    Portal circulation—ICV: ileocolic vein; IMV: inferior mesenteric vein; IRV: inferior rectal vein; IV: ileal veins; JV: jejunal veins; LCV: left colic vein; LGV: 
left gastric vein; MRV: middle rectal vein; PV: portal vein; RCV: right colic vein; RGV: right gastric vein; RPV: retroperitoneal veins; SGV: short gastric vein; 
SMV: superior mesenteric vein; SRV: sigmoidal rectal vein; SV: splenic vein.
    Systemic circulation—AV: azygos vein; EV: esophageal vein; IEV: inferior epigastric vein; IIVV: iliac vein; IVC: inferior vena cava; LRA: left renal artery; 
PAV: paraumbilical vein; RRA: right renal artery.
    Collaterals—CP: caput medusae; GEC: gastroesophageal collaterals; H: hemorrhoids; RC: retroperitoneal collaterals; SRC: splenorenal collaterals.
(Drawing by CP Corona-Villalobos)

Fig. 3.2  Coronal plane in the portal venous phase showing normal 
anatomy of the portal vein (PV). ICV: ileocolic vein; IMV: inferior 
mesenteric vein; LCV: left colic vein; RCV: right colic vein; RGV: right 
gastric vein; RPPV: right posterior portal vein; RPV: right portal vein; 
SMV: superior mesenteric vein; SV: splenic vein.

Table 3.1  Portosystemic Collateral Circulation in Portal Hypertension

Collaterals draining to the superior 
vena cava

Esophageal varices
Paraesophageal varices
Left gastric vein
Short gastric vein
Posterior gastric vein
Gastric varices
Gastrorenal shunt
Splenorenal shunt

Collaterals draining to the inferior 
vena cava

Paraumbilical vein
Abdominal wall vein
Retroperitoneal shunt
Mesenteric varices
Omental collateral vessels
Rectal varices
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Fig. 3.5  (a) Coronal plane contrast-enhanced computed tomography scan in the portal venous phase demonstrating 
presence of paraesophageal varices arising from the azygos vein (arrow). (b) Slightly more anterior view better demonstrating 
paraesophageal varices (arrows).

Fig. 3.6  Contrast-enhanced computed tomography 
scan in the coronal plane demonstrating numerous 
large collaterals arising from the left gastric vein 
extending through the gastroesophageal area 
(arrows).

Fig. 3.4  (a) Hepatic arterial phase in the coronal plane. Markedly enhancement of the portal vein, splenic vein, and 
gastroesophageal junction varices caused by shunting (arrows). (b) Portal venous phase in the coronal plane. The portal vein 
(PV) is patent. There are retroperitoneal collaterals and splenomegaly (S) of 16 cm.
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Fig. 3.7  A 55-year-old man with a history of cirrhosis. (a) Axial computed tomography scan in the portal venous phase showing a recanalized umbilical 
vein (arrowheads). The portal vein (PV) is patent. (b) Left hepatic arteriogram demonstrating recanalization of the umbilical vein (arrowheads) extending 
through the inferior epigastric vein (IEV) forming a caput medusae.

Fig. 3.8  A 55-year-old man with a history of alcoholic cirrhosis. Coronal (a) and sagittal (b) plane computed tomography scans showing a recanalized 
paraumbilical vein (asterisk) through the subcutaneous tissue and abdominal wall (arrowheads) draining to the left external iliac vein (LEIV) (c, arrow).

veins are located in the subcutaneous fat and may extent to 
the pelvis, connecting to the iliac veins (▶ Fig. 3.8).

4.	 Perisplenic varices
	 Perisplenic varices usually transverse the splenocolic 

ligament and are seen as dilated veins in the anterior and 
posterior aspect of the spleen. Varices at the splenic hilum 
communicate with retrogastric varices or inferior phrenic 
veins (▶ Fig. 3.9).

5.	 Retroperitoneal varices
	 Retroperitoneal varices may arise from the colic branches, the 

SV, or the left gastric vein. These veins can form spontaneous 
shunts that are associated with an increased incidence of 
encephalopathy (▶ Fig. 3.10).

6.	 Rectal varices
	 The rectal plexus drains through the superior hemorrhoidal 

vein to the inferior mesenteric vein. Reverse flow from the 
inferior rectal vein forms the rectal and pararectal varices, 
which drain into the deep pelvic inferior epigastric veins.

7.	 Shunts
	 Spontaneous splenorenal shunt in the portosystemic circu-

lation can develop with or without the presence of collateral 

circulation. Shunts are seen as large, tortuous veins in the 
region of the splenic and left renal hilum that drain to the 
left renal vein9 (▶ Fig. 3.11). Other shunts include gastrorenal 
shunts, which develop between retrogastric varices and the 
left renal vein.11 Formation of a splenorenal or gastrorenal 
shunt increases the incidence of hepatic encephalopathy.11

Noninvasive Imaging Diagnosis
Ultrasonography (US), computed tomography (CT), and mag-
netic resonance imaging (MRI) are commonly used to evaluate 
patients with PHT. The choice of imaging modality is probably not 
as important as strict attention to the imaging features such as 
detection of collateral circulation and identification of associated 
abnormalities such as chronic liver disease or cirrhosis, spleno-
megaly, ascites, thrombosis, or liver neoplasms.

Ultrasonography
Ultrasonography is widely used as the first imaging modality to 
evaluate patients with PHT. It is well known that US is operator 
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Fig. 3.11  Contrast-enhanced computed tomography 
scan in the axial plane illustrating dilatation of the 
splenic vein (arrow), which drains to the left renal 
vein.

Fig. 3.9  A 61-year-old woman with history of hepatitis C and cirrhosis. (a) Arterial phase computed tomography scan in the coronal 
plane showing multiple splenorenal collaterals (arrowheads). Presence of splenomegaly is also noted to be caused by portal 
hypertension. (b) Volume-rendered image showing similar findings.

Fig. 3.10  (a) Contrast-enhanced computed tomography scan in the sagittal plane demonstrating numerous splenorenal varices 
extending to the gastroesophageal junction (arrowheads). (b) Coronal plane showing a dilated left renal vein (arrow).
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and equipment dependent. However, it is a widely available and 
fast imaging method with low cost and without the added risk 
of radiation. These advantages should be valued because patients 
with PHT are imaged not only for diagnosis but also periodically 
for therapeutic monitoring. US protocols routinely used include 
gray-scale imaging and color and spectral Doppler (▶ Table 3.2).

Gray-scale images are of great importance in evaluating the 
splenoportal anatomy. The main PV is present in the hepatodu-
odenal ligament and is identified by following the SV to the right 
until its junction with the superior mesenteric vein (SMV).13 At 
the crossing point of the PV with the IVC, the PV diameter should 
be assessed. The PV diameter varies widely according to the site of 
measurement, fasting state of the patient, and respiratory cycle.14 
Normal diameter of the main PV is considered to be up to 12 mm 
when measured from the inner anterior to the inner posterior 
wall and acquired with the patient in a supine position, fasting, 
and breathing quietly.15 The SV and SMV should also be measured 
in the assessment of PHT (▶ Fig. 3.12).

The upper limit diameter of normality for these two vessels 
is considered 9 mm.16 An increase in caliber of any of the three 
vessels that comprise the portal venous system is associated with 
PHT. A PV caliber over 13 mm acquired with the protocol previ-
ously described is indicative of PHT with a specificity of 100% and 
a sensitivity of 45% to 50%.17 Patients with known PHT who pre
sent with small PV diameters (<8 mm) should be evaluated care-
fully (▶ Fig. 3.13). Usually in these cases, periportal collaterals are 
identified in addition to chronic thromboses of the PV, suggesting 
cavernous transformation.

Patency of the splenoportal venous system is evaluated by gray-
scale and Doppler images (▶ Fig. 3.14). The presence of echogenic 
material within these vessels is highly suspicious for thrombo-
sis (▶ Fig. 3.15). In some cases, however, acute thrombus has low 

Fig. 3.13  Gray-scale and spectral 
Doppler ultrasound image of the 
right upper quadrant. (a) The liver is 
coarse in echotexture and nodular 
in appearance. (b) The main portal 
vein is patent and shows reversed or 
hepatofugal flow. Note the presence 
of mild ascites (asterisk) caused by 
portal hypertension.

Fig. 3.12  A 59-year-old woman with 
cirrhosis. Gray-scale ultrasound (a) 
shows the presence of soft tissue 
(arrows) at the portal vein (PV) 
confluence extending to the main 
PV. (b) Doppler ultrasound image 
demonstrating lack of Doppler signal 
(arrow). IVC: inferior vena cava; PAN: 
pancreas; SMV: superior mesenteric 
vein.

Table 3.2  List of Features Evaluated by Ultrasonography in Portal 
Hypertension

Gray-scale imaging Liver morphology, edge, surface, and 
parenchymal texture

Spleen size and texture
Splenoportal anatomy
Portal vein diameter
Portal systemic collaterals

Doppler imaging Portal vein flow and velocity
Portal vein congestion index
Suprahepatic vein flow
Hepatic artery flow and velocity
Hepatic artery resistance index
Portosystemic collaterals

echogenicity or is even anechoic and therefore is difficult to be 
identified on B-mode imaging. When thrombosis is suspected, 
Doppler images must be performed. The absence of color and 
spectral Doppler signal confirms the presence of the suspected 
thrombus. However, in some situations, flow can be identified, 
suggesting that the vessel is partially thrombosed. Acute throm-
bus usually enlarges the caliber of the affected vascular segment, 
and chronic thrombosis tends to decrease it. Cavernous trans-
formation (▶ Fig. 3.16) is observed in the later phases of chronic 
thrombosis of the PV when periportal collaterals are identified at 
the porta hepatis and the main PV is usually no longer visualized. 
Another tool that can be used while evaluating the patency of a 
vein by US exam is the manual compression of the vessel with the 
US probe. In PV thrombosis, the vessel shows reduced or absent 
compressibility.18

The velocity of blood flow in the PV ranges from 15 to 18 cm/s 
when acquired with the patient breathing quietly.17 These values 
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Fig. 3.14  (a) Doppler ultrasound 
image of the splenic hilum showing 
an increase in size of the perisplenic 
vessels with turbulent flow. (b) Notice 
the presence of a spontaneous 
portosystemic shunt (arrow) and 
splenomegaly (S).

Fig. 3.15  (a) Gray-scale ultrasound 
image showing an echogenic material 
(arrows) filling the portal vein, which 
extends to the portal confluence. 
(b) Doppler ultrasound image 
showing absence of flow indicative of 
thrombosis (asterisk).

Fig. 3.16  Oblique gray-scale (a) and Doppler (b) ultrasound images showing a mass of tortuous vessels at the porta hepatis caused by cavernous 
transformation of the portal vein (PV) in a patient with history of cirrhosis. (c) Coronal contrast-enhanced magnetic resonance venogram demonstrating 
tortuous serpiginous vessels (arrows) around the PV with partial thrombosis of the PV.
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can vary greatly if the patient is not fasting or has recently exer-
cised.19 For an accurate measurement of the PV velocity, the angle 
between the long axis of the vessel and the Doppler beam should 
be less than 60 degrees (▶  Fig. 3.17). In the setting of PHT, the 
PV velocity decreases, and flow direction alters. Normally, the 
PV flow is toward the liver (hepatopetal) and varies with respi-
ration and heart rate. As PHT increases, flow may become bipha-
sic. Worsening the degree of PH causes reversal of flow, which 
may even be monophasic and hepatofugal (▶ Fig. 3.18). When the 
patient’s condition improves or the collateral circulation is set 
(▶ Fig. 3.19), hepatopetal flow can recover because of decompres-
sion of the portal circulation.17

In patients with PHT, when the portal flow starts to be diverted 
into the collaterals, the portal flow to the liver decreases. This 
diminished portal venous inflow toward the liver is compensated 
with an increase in the hepatic arterial flow. The hepatic artery 
(HA) becomes larger and more tortuous (▶ Fig. 3.20). With pro-
gression of PHT, the HA needs to be “decompressed,” and this 
occurs through arterioportal shunts.20

The hepatic veins and the suprahepatic IVC should also be 
evaluated during the US examination. Posthepatic causes of PHT 
can be ruled out when the examination shows patency of these 
vessels. Normally, the hepatic veins waveform (HVW) is triphasic 
(▶  Fig.  3.21), consisting of two negative waves and one positive 

Fig. 3.17  A 65-year-old man 
with history of hepatitis C and 
cirrhosis. Gray-scale and spectral 
Doppler ultrasound image showing 
coarsened hepatic echotexture 
with nodular borders (a, arrows) 
and the presence of ascites 
(b, asterisk). (c) Patent portal vein 
(PV) with turbulent hepatopetal 
flow. (d) Hepatic artery (HA) 
showing increased velocity caused 
by portal hypertension.

Fig. 3.18  Progression of portal hypertension by spectral Doppler ultrasound images. (a) The right parasagittal plane shows a normal hepatopetal 
triphasic spectrum of the portal vein (PV) with normal velocity (12 cm/s). (b) Doppler image shows a monophasic spectrum of the PV with increased 
portal velocity (18 cm/s). (c) Inverted flow of the PV in advanced portal hypertension (portal velocity is 23 cm/s).
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Fig. 3.19  A 49-year-old man with hepatitis C. (a) Gray-scale and spectral Doppler ultrasound image of the right upper quadrant of the liver shows 
nodular contours with coarse echotexture. (b) Recanalized umbilical vein is noted. (c) The portal vein shows increased velocity (64 cm/s) and  
turbulent flow.

Fig. 3.20  Gray-scale and spectral Doppler ultrasound image of the hepatic 
artery showing a tortuous artery with turbulent flow. There is increased 
velocity (177 cm/s) and resistance index (0.82) of the hepatic artery.

Fig. 3.21  Doppler and spectral ultrasound images of the hepatic vein 
showing a triphasic waveform commonly seen in normal patients.

wave. This waveform is related to the right atrial activity.19 In the 
setting of PHT, alteration can be observed in the pattern of the 
HVW, and it can become either biphasic or monophasic. The exact 
cause of such changes in the HVW in patients with PHT remains 
unclear.21 A correlation between abnormal HVW and HVPG was 
already described. It was shown that the normal HVW tends to 
become flat as HVPG increases. Also, a monophasic HVW has a sen-
sitivity and specificity of 74% and 95%, respectively, in the diagnosis 
of severe PHT.22

Several hemodynamic parameters measured with Doppler US 
are described in ▶ Table 3.3 when the intention is to evaluate PHT. 
▶  Table 3.4 summarizes these parameters and their respective 
sensibility and specificity to diagnose PHT.23–27

Although measurement of vessel diameter and Doppler index 
is useful in patients with PHT, the most reliable and widely used 

approach for the diagnosis of PHT is the detection of portal sys-
temic collaterals.19 During the US examination, it is important 
to search for collateral veins using gray-scale images in associa-
tion with color Doppler. Recanalization of the paraumbilical vein 
(▶ Fig. 3.22) is seen in 43% of patients with PHT, and this is the 
easiest collateral to assess during the US examination.12 Also, the 
coronary vein should be imaged by US. It is the most important 
portal systemic collateral to focus on, not only because it is the 
most prevalent, present in about 90% of cases of PHT, but also 
because its presence implies an increased risk for variceal hemor-
rhage.19,28 A coronary vein with diameter larger than 5 mm should 
be considered abnormal and suggests the presence of PHT.29 
Knowledge of the anatomy of the most common collateral path-
ways described earlier in this chapter is primordial to visualiza-
tion of other portosystemic collaterals communications.

Microbubble contrast-enhanced ultrasonography (CEUS) is a 
new technique with promising preliminary results in the setting 
of PHT. Microbubble contrast agents developed for US are confined 
to the intravascular space and were initially used to enhance Dop-
pler US signals. Recent studies have shown that these US contrast 
agents can also be used for kinetic studies because they enable 
assessment of the transit time of the microbubbles through the 
vessels. A recently published study evaluated hepatic vein arrival 
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Fig. 3.22  (a,b) Oblique and spectral Doppler ultrasound images of a 61-year-old man with history of cirrhosis. Recanalized umbilical vein (a, arrow) 
arising from the left portal vein. (c) Note the presence of turbulent flow from the umbilical vein.

Table 3.3  Hemodynamic Parameters Measured by Doppler Ultrasonography to Assess Portal Hypertension

Hemodynamic Parameter Calculation

Mean portal vein velocity (PVV) Measured at with angle between the long axis of the vessel and the Doppler 
beam < 60 degrees

Portal blood flow Cross-sectional area of portal vein (PV) × Mean PVV

Portal vein congestion index Cross-sectional area of PV/Mean PVV 

Hepatic artery pulsatility index (PI) (Peak systolic velocity - End-diastolic velocity)/Mean velocity

Hepatic artery resistive index (RI) (Peak systolic velocity - End-diastolic velocity)/Peak systolic velocity

Liver vascular index Velocity of blood flow in PV/Hepatic artery PI

Splenic artery pulsatility index (Peak systolic velocity - End-diastolic velocity)/Mean velocity

Splenic artery resistive index (Peak systolic velocity - End-diastolic velocity)/Peak systolic velocity

Renal artery pulsatility index (Peak systolic velocity - End-diastolic velocity)/Mean velocity

Renal artery resistive index (Peak systolic velocity - End-diastolic velocity)/Peak systolic velocity

Portal hypertension index Hepatic artery RI 9 × 0.69 × Splenic artery RI × 0.87/PVV 

Hepatic buffer index Hepatic artery PI maximum change/PV blood volume maximum change

PI: pulse index; PV: portal vein; PVV: portal vein velocity; RI: resistive index.
Source: Singal et al.13

Table 3.4  Clinical Applications and Changes of Hemodynamic Parameters Assessed by Doppler Ultrasonography in the Setting of Portal 
Hypertension

Hemodynamic Parameter Tendency in PHT Clinical Relevance Reference

Mean portal vein velocity (PVV) Decrease Cut-off of 15 cm/s has a sensibility and specificity of 88% and 
96%, respectively, to diagnose PHT.

Zironi et al23

Portal vein congestion index Increase Values > 0.1 suggest PHT with a sensibility and specificity of 
95%.

Haag et al24

Hepatic artery resistance 
indexes (PI and RI)

Increase or no change PI > 1.05 suggests severe PHT with a sensibility of 86% and 
specificity of 88%.

Schneider et al25

Splenic artery resistance indexes 
(PI and RI)

Increase or no change RI > 0.60 has a high accuracy in the diagnosis of relevant PHT 
(presence of gastroesophageal varices).

Piscaglia et al26

Renal artery resistance indexes 
(PI and RI)

Increase Abnormal renal impedance has a high positive predictive value 
for the detection of severe PHT (> 16 mm Hg).

Berzigotti et al27

PHT: pulmonary hypertension; PI: pulsatility index; RI: resistive index.
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Fig. 3.23  Contrast-enhanced computed tomography scan 
demonstrating normal portal venous anatomy.

Fig. 3.24  Contrast-enhanced computed tomography scan 
demonstrating numerous large varices within the abdomen. Notice the 
presence of splenorenal shunt (SRS). GEC: gastroesophageal collaterals; 
PV: portal vein; RC: retroperitoneal collaterals.

time (HVAT) as a method of assessing the severity of PHT.8 Micro-
bubble CEUS is a promising method to assess patients with PHT, 
but further studies are necessary to show its potential value.

Computed Tomography
Multidetector computed tomography (MDCT) is a powerful imag-
ing method for recognizing PHT complications, illustrating ves-
sel patency (▶ Fig. 3.23) and portosystemic collateral circulation. 
Three-dimensional CT angiography can aid in understanding the 
complex variceal anatomy.30 The main advantage of MDCT over 
US is its three-dimensional reformatting in maximum intensity 
projection and volume rendering, which allows creation of vascu-
lar maps similar to digital subtraction angiography (▶ Fig. 3.24). 
Collateral circulation can be evaluated by noncontrast MDCT, 
but for better visualization and differentiation from adenopa-
thy, bowel loops, and masses, contrast injection is necessary. 
Enhanced dual-phase CT can be used as a noninvasive tool to 
demonstrate alterations in the dynamics of the hepatic flow. 
Dual-CT can also quantify liver perfusion data from the time den-
sity curves, calculating the blood flow rate (inflow–outflow) and 
liver enhancement pattern, useful in liver transplantation.

Contrast-Enhanced Computed 
Tomography
Abdominal MDCT imaging is acquired with low or iso-osmolality 
contrast media in the hepatic arterial (20s) and portal-venous 
(70s) phases followed by a saline flush with thin reconstructions 
for systematic vascular evaluation. The arterial phase identi-
fies the arterial supply to the liver (originating from the celiac 
artery). The most common normal variants branching patterns 
of the PV commonly seen in the PV phase are (i) the trifurcation 
of the PV (main PV divides into right anterior, right posterior, and 
left PV) without a right PV, (ii) the right anterior PV arising from 
the left PV, and (iii) the right posterior PV arising from the main 
PV (▶ Fig. 3.25). Knowledge of these variants is important during 

liver transplantation; the ligation of one of the branches may lead 
to necrosis of the liver parenchyma.

Variceal Hemorrhage
Bleeding from esophageal varices (▶  Fig. 3.26) is a major cause 
of death in patients with PHT, which eventually occurs in 30% of 
cases.31 The risk of bleeding is associated with varix size because 
these veins can increase in size and carry up to a half liter of blood 
per minute.31 Therefore, it is important to identify collateral ves-
sels and portal thrombosis in the main PV or its branches by CT.

Intrahepatic Shunts
Contrast-enhanced CT will demonstrate the presence of vascu-
lar connections between branches of the hepatic artery, PV, and 
hepatic veins, although these are rare.

Arterioportal Shunts
In the presence of cirrhosis and PHT, arterioportal shunts may 
occur. However, these shunts are difficult to visualize with 
cross-sectional imaging. They usually appear as small, subcapsular, 
wedge-shaped areas of increased attenuation with early enhance-
ment on the arterial phase and normal attenuation during the por-
tal venous phase.32

Portosystemic Shunts
These are vascular connections between the PV and the hepatic 
veins. The most frequent shunts occur between the right PV and 
the IVC. These shunts are also associated with hepatic enceph-
alopathy.33 The most clinically important and the frequency of 
portosystemic shunts are described in ▶ Table 3.5.34 During the 
portal venous phase, the communication between the PV and the 
hepatic veins is well demonstrated (▶ Fig. 3.27).
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Fig. 3.26  Multiplanar reconstruction in coronal plane of a contrast-
enhanced computed tomography scan illustrating multiple tortuous 
esophageal varices. Note the connection with the left gastric vein 
(arrows).

Table 3.5  Frequency of Portosystemic Shunts in Portal Hypertension

Varices % of Presentation Draining Route %

Left gastric vein 90 Esophageal varices 88

Short gastric vein 34 Esophageal varices
Left renal vein

84
12

Paraumbilical vein 24 Left renal vein
Varied

18

Splenic vein 7 Left renal vein 100

Inferior mesenteric vein 2 Left renal vein 100

Source: Okuda and Benhamou.34

Fig. 3.27  A 63-year-old woman with history of autoimmune cirrhosis. 
Contrast-enhanced magnetic resonance image showing a dilated left 
portal vein (LPV) indicative of a portal varix. Early contrast filling extending 
to the left hepatic vein (LHV) suggesting the presence of a shunt (arrow).

Fig. 3.25  Contrast-enhanced magnetic resonance image demonstrating a normal variation of the main portal vein (PV). (a) The right posterior PV (RPPV) 
arises (arrow) from the main PV (MPV). (b) Normal bifurcation of the right (RPV) and left (LPV) branches of the PV.
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Fig. 3.28  A 53-year-old man with cirrhosis. 
(a) The portal vein is distended with filling 
defect (asterisk) extending to the superior 
mesenteric vein representing a thrombus. 
(b) Large gastric fundus (GF) varices and 
splenomegaly (S) consistent with portal 
hypertension.

Fig. 3.29  (a) Contrast-enhanced computed 
tomography scan demonstrating portal 
thrombosis, which extends to the splenic vein 
and superior mesenteric vein. (b) Coronal plane 
in the venous phase showing parenchymal 
heterogeneity with ill-defined hypervascular 
masses (arrowheads) and portal vein thrombosis 
(asterisk). There is cavernous transformation and 
collateral circulation.

Fig. 3.30  Portal vein thrombosis (asterisk) 
by different imaging modalities: Doppler 
ultrasonography (a), contrast-enhanced 
computed tomography scan (b), arteriography 
(c), and contrast-enhanced magnetic resonance 
imaging (d).

Thrombosis and Calcifications
Liver cirrhosis is the most common cause of PV thrombosis, 
although it is not the only one. Thrombosis by nonenhanced CT 
is defined as focal areas of high attenuation within the portal sys-
tem and associated vessel enlargement if the thrombosis is acute 
(▶ Fig. 3.28). Enhanced CT can confirm the site of occlusion, the 
presence of cavernous transformation, or collateral circulation 
and shunts (▶ Fig. 3.29; ▶ Fig. 3.30). Perfusion anomalies can be 

associated with portal thrombosis caused by an increased arterial 
inflow appearing as increased attenuation of the poorly perfused 
hepatic segments. Chronic thrombosis shows linear calcifications 
of the vascular wall within the thrombus.

Cavernous Transformation
Contrast-enhanced CT can determine portal venous patency or 
location of the collaterals and shunts in patients with cirrhosis 

IRBK003-CH03_p019-037.indd   31 5/24/17   3:45 PM



Section I: Pathogenesis and Diagnosis

32

or PHT (▶ Fig. 3.31). When the PV is occluded,35 the venous chan-
nels within the occluded PV act as portoportal collaterals called 
cavernous transformation. Cavernous transformation can occur 
as early as 6 to 20 days after PV occlusion even if partial recanali-
zation exists.35 On contrast-enhanced CT, a beaded appearance at 
the PV is characteristic and is the most frequent finding.36 Perfu-
sion changes can be seen in the liver parenchyma as inhomoge-
neous, peripheral, patchy areas of high attenuation caused by a 
lack of blood supply to the peripheral regions.

Aneurysms and Varices
Aneurysms from the PV are not common, representing only 3% 
of all aneurysms of the venous system.37 The most common loca-
tions are the splenomesenteric venous confluence, main PV, and 
intrahepatic PV branches. Less common locations are the splenic, 
mesenteric, and umbilical veins.36 Usually, portal venous system 
aneurysms are asymptomatic. By imaging, aneurysms of the PV 
are considered if the vessel diameter is significantly larger than 
the remaining vessels (▶ Fig. 3.32), especially if the morphology is 
fusiform, saccular, or bilobulated.36

Bidimensional and Three-Dimensional 
Rendering
Image reconstruction can be performed on commercially avail-
able consoles; the software allows electronic dissection of 
selected anatomical structures. Vascular origins can be evaluated 
with two-dimensional reformation to rule out stenosis and aneu-
rysms. Vascular anatomy requires three-dimensional rendering 
(▶ Fig. 3.33), allowing better understanding of vascular anatomy 

and optimizing perception of the complex course of the vessels. 
With this tool, radiologists can significantly help patient assess-
ment and treatment.

Volumetrics
Quantitative volumetry of the liver and spleen is useful to deter-
mine the severity of PHT38–40 and provides accurate evaluation in 
potential donors undergoing living donor liver transplantation.41 

Fig. 3.31  (a,b) A 49-year-old woman with 
a history of hepatitis C and alcohol use. 
Complete thrombosis of the main portal vein 
(arrows) showing the presence of multiple 
collateral veins (arrowheads) in the porta 
hepatis.

Fig. 3.32  Axial (a) and coronal (b) plane of a 
contrast-enhanced computed tomography 
scan demonstrating a saccular structure 
along the portal vein (PV) suggesting a PV 
varix (arrow).

Fig. 3.33  Three-dimensional volume rendering allows a better 
understanding of vascular anatomy in cases of extensive collateral 
circulation. Note the presence of perigastric collaterals.
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Fig. 3.34  Quantitative total liver volumetry of the liver provides 
accurate evaluation in potential donors undergoing living liver 
transplantation.

Fig. 3.35  Coronal T2-weighted image showing patency of the portal 
vein (PV) with the presence of ascites. Patency of the PV is well 
demonstrated as signal void (arrow). Notice the increased dimension 
of the spleen (S) with a maximal diameter of 20 cm on the longitudinal 
plane compatible with portal hypertension.

Fig. 3.36  A 32-year-old woman 
with hepatitis C. (a) Magnetic 
resonance image (MRI) in the 
portal venous phase shows a 
recanalized paraumbilical vein 
(arrow) and cirrhotic background 
of the liver. (b) Contrast-
enhanced MRI demonstrating the 
presence of multiple perisplenic 
collaterals (arrowheads).

Hepatic volume in patients with PHT decreases, in contrast to the 
splenic volume which tends to increase, implying congestive sple-
nomegaly. Volumetrics can be performed using CT or MRI images 
on a commercially available workstation by manually outlining 
the liver contour on portal-venous phase as described in a previ-
ous study,41 carefully excluding the main vessels, major fissures, 
and the gallbladder. A three-dimensional model of the liver can 
be generated for the total liver volume by adding the volume esti-
mated from the area to the thickness of the studied organ on each 
image (▶ Fig. 3.34).

Magnetic Resonance Imaging
Magnetic resonance imaging is widely used to evaluate patients 
with PHT without the risk of ionizing radiation. MRI is a reliable 
noninvasive imaging technique that provides a dedicated study 
of the liver and is useful in characterizing the liver parenchyma, 
determining volumetrics, depicting vascular patency (▶ Fig. 3.35), 
establishing the presence of collateral circulation (▶  Fig. 3.36), 
and screening for tumors (▶ Fig. 3.37). Other advantages of using 
MRI are its novel techniques such as flowmetry, T1 mapping, and 
elastography.

Fast spin-echo (FSE) images are needed to characterize liver 
parenchyma will help to differentiate liver masses. Pulse sequen
ces by gradient echo images (GRE) help to characterize the PV 
anatomy and patency. Contrast GRE images can delineate the vas-
cular anatomy, visualizing the portosystemic collateral pathways. 
They can also distinguish the presence or absence of thrombi and 
can characterize tumor enhancement pattern. On T1-weighted 
images, thrombus is hyperintense in the stage phase and iso-
intense to the liver parenchyma in late stages. On T2-weighted 
images, PV thrombosis appears similar in signal intensity to  
soft tissue.42

Magnetic Resonance Venography
Magnetic resonance venography (MRV) has advantages over 
other imaging modalities currently used to assess for PHT. MRV 
can precisely assess the portal venous system in patients with 
PHT, which is essential before liver transplantation and surgical 
venous shunting. Time-of-flight (TOF) and phase-contrast (PC) 
imaging are valuable techniques for assessing vascular anat-
omy and portosystemic collaterals. TOF angiography is useful 
in assessing the portal venous system and allows for successful 
detection of PV thrombosis43 (▶ Fig. 3.38).

IRBK003-CH03_p019-037.indd   33 5/24/17   3:45 PM



Section I: Pathogenesis and Diagnosis

34

Usually TOF acquires bidimensional or three-dimensional flow 
velocity information from the vessel of interest. Whereas patent 
blood vessels on GRE images are hyperintense, thrombi look like 
an intraluminal filling defect because of a lack of signal. Contrast 
administration or PC images are useful to determine the patency 
of the PV in difficult cases, such as in the presence of calcifications 
or in slow blood flow that mimics venous thrombosis. The disad-
vantages of TOF are motion artifacts caused by breathing, long 
acquisition times, and incomplete coverage of the portal venous 
system.

Novel Magnetic Resonance 
Imaging Techniques
Phase Contrast
True fast imaging with steady-state precession and segmented 
fast GRE MRI sequences with velocity encoding perpendicular 
to the imaging plane has been used to evaluate vascular flow. 
The main difference between PC and TOF imaging is the phase 
shift in transverse magnetization that occurs in blood flowing 
through the magnetic field gradient. The advantage of PC over 
TOF imaging is that PC imaging acquires information regarding 
the flow direction in addition to the information regarding the 
flow velocity. Therefore, on PC sequences, it is necessary to spec-
ify the strength of the flow-encoding gradient of the vessel of 
interest. Velocity-encoding parameters of 15 to 50 cm/s for the 
PV have been described in previous studies.44,45 The disadvan-
tage of PC sequence over TOF imaging is longer times of imaging 

Fig. 3.38  A 62-year-old man with 
history of pancreatic cancer and 
cirrhosis. (a) Axial and coronal planes 
of T2-weighted images showing 
shrinkage of the liver parenchyma (L) 
with irregularity of the liver surface 
and the presence of significant 
ascites (asterisk). (b) The portal vein 
appears to be occluded because of 
increased signal, with cavernous 
transformation (arrow).

acquisition. Flow on PC images depends on its direction; whereas 
a hyperintense signal (“white” flow) resembles a cephalic direc-
tion, caudal flow appears as a hypointense signal (“black” flow) 
(▶ Fig. 3.39).

Hepatic hemodynamic changes such as increased hepatic 
vascular resistance influence the degree of hepatic dysfunction 
and PHT. The presence of collateral circulation in cirrhosis indi-
cates severe PHT. Noninvasive MRI PC measurements overcome 
operator-dependent difficulties existing from the Doppler US and 
therefore provide better flow measurements. In one study, PC 
showed good correlation with Doppler US in predicting intrahe-
patic or extrahepatic shunting in liver cirrhosis.46 Another study 
validated flow parameters with the severity of cirrhosis and PHT.47 
PC imaging of the azygos vein is another promising technique for 
detecting high-risk esophageal varices in patients with PHT.48 
Mean azygos vein flow measures were significantly higher in 
subjects with cirrhosis than in subjects with chronic liver disease 
without cirrhosis.48 A recent study showed significant correlation 
between four-dimensional MRI and Doppler US in velocities, flow 
volume, and vessel area with good image quality and low interob-
server variability in patients with liver cirrhosis.44

T1 Mapping
Look-Locker imaging technique using GRE MRI sequences with 
inversion recovery pulse is used to quantify fibrosis. Images are 
obtained at the level of the porta hepatis (▶  Fig. 3.40). Precon-
trast prolonged T1 relaxation time in liver cirrhosis has been pre-
viously reported. However, T1 relaxation time before contrast is 

Fig. 3.37  A 50-year-old man with a history of cirrhosis. Irregular borders of the liver with a hyperintense nodule in T2 (a, arrow). Enhancement (b) and 
washout (c) on the delay images are findings that are suspicious for hepatocellular carcinoma (arrow).
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Fig. 3.39  Acquisition of phase contrast images. (a) Coronal image for localization of the portal vein (PV) to be obtained 1 cm below the bifurcation (line). 
The diameter of the PV is 13 mm. (b) Oblique sagittal image through the PV (arrow). (c) Phase-contrast image through the same location encoding for 
flow. A normal PV is demonstrated, with an average flow velocity of 9.5 cm/s.

Fig. 3.40  Axial plane in a short modified look-locker inversion 
recovery (MOLLI) sequence after contrast administration, 
generating a color-coded T1 mapping in a patient with history 
of liver cirrhosis. T1 values show inverse correlation with the 
percentage of hepatic fibrosis.

Fig. 3.41  Magnetic resonance elastography 
measures liver stiffness by acoustic waves (a) 
and a color-coded wave (b).

not specific to liver cirrhosis.49 A prior study showed that hepatic 
uptake with gadolinium ethoxybenzyl diethylenetriamine penta-
acetic acid (Gd-EOB-DTPA) measuring signal intensity by T1 map-
ping in liver parenchyma can help to estimate liver function.50 
Quantification and comparison of the signal intensity by MRI 
needs further investigation with different contrast agents, and 
the necessity of a correction factor might be useful for different 
acquisition times. Also, T1 mapping requires further investigation 
to be compared with liver function test and histologic findings.

Magnetic Resonance Elastography
Magnetic resonance elastography (MRE) is a diagnostic tool used 
to assess the elasticity properties of the liver or spleen tissues. 
MRE is a modified PC GRE sequence that propagates shear waves 
through the liver produced by a piezoelectric device generating 
elastograms (▶ Fig. 3.41). Several studies have shown that MRE 
is an excellent tool for diagnosing advanced fibrosis and cirrho-
sis. Measuring liver stiffness using MRE can predict severe PHT 
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in chronic liver disease, viral hepatitis, or alcoholic cirrhosis in 
asymptomatic or compensated cirrhosis.51–53 A previous study 
established a good correlation between portal pressure, HVPG, 
and spleen and liver stiffness in animals with PHT.54 A more 
recent study showed that MRE of the spleen is a promising quan-
titative method for predicting the presence of esophageal vari-
ces in advanced chronic liver disease.55 Liver and splenic stiffness 
measurements are useful new noninvasive techniques for assess-
ing hepatic fibrosis and screening severe PHT. The average mean 
stiffness number should be reported in kilopascals (KPa); the nor-
mal value is less than 2.9 KPa for the liver.

Summary
Knowledge of normal anatomy and anomalies of the portal 
venous system can help to diagnose and manage PHT. Gray-
scale, Doppler, and spectral US are useful tools in the diagnosis 
and evaluation of liver parenchyma and portal circulation. Con-
trast-enhanced CT and MRI provide a comprehensive assessment 
of vascular anatomy, liver parenchymal and perfusion disorders, 
and complications associated with PHT such as portosystemic 
collateral circulation. In addition, novel MRI techniques can be 
used as noninvasive routine examination giving promising results 
and helping treatment decisions for patients with PHT.

Clinical Pearls
•	 Knowledge of normal portal anatomy and portal anomalies 

can help with the management of PHT.
•	 Doppler ultrasound is a useful tool for evaluating portal 

hemodynamics.
•	 Contrast-enhanced CT and MR provide a comprehensive 

assessment of portal vascular anatomy and portosystemic 
collaterals.

•	 MRI has the capability of evaluating hepatic parenchyma and 
its perfusion and compliance.

•	 Novel MRI techniques can help assess portal hemodynamics 
and help formulate a management decision.

•	 Most portosystemic collateral pathways are preexistent 
(potential connections) but grow in the setting of PHT.
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Chapter 4:  Indirect Portal Pressure Measurement  
and Carbon Dioxide Wedged Hepatic Portography
Bill S. Majdalany and Minhaj S. Khaja

Introduction
The development of portal hypertension and cirrhosis is the final 
common pathway for chronic liver diseases, resulting in asci-
tes, hepatic encephalopathy, and massive variceal hemorrhage 
among many other clinical manifestations. Noninvasive imag-
ing advances in ultrasound, magnetic resonance imaging (MRI), 
and computed tomography (CT) have markedly improved the 
assessment of these patients. In many cases, these imaging tools 
are routinely used for screening and morphological assessment 
of the hepatic parenchyma and vasculature. However, portal 
pressure measurement remains a vital tool in the management 
of patients with chronic liver disease and is typically performed 
in conjunction with a transjugular liver biopsy in the form of 
the hepatic venous pressure gradient (HVPG). Similarly, while 
wedged CO2 portography is rarely used for diagnostic imaging 
of the portal veins, it maintains a crucial procedural role during 
TIPS placement. The rationale and technical aspects of indirect 
portal pressure measurement and wedged CO2 portography will 
be discussed.

Indirect Portal Pressure 
Measurement
Historically, portal pressures were directly measured through 
surgical, percutaneous transhepatic, or transjugular catheter-
ization of the portal vein. Given the invasive nature and associ-
ated procedural risks, direct portal pressure measurement was 
rarely performed. Publications in 1951 by Myers and Taylor and 

separately by Friedman and Weiner described occlusive hepatic 
venous catheterization in humans, cats, and dogs.1–3 Advancing 
the catheter to the terminus of the hepatic venule transduces the 
sinusoidal pressure, which is termed the wedged hepatic venous 
pressure (WHVP), and is an indirect reflection of the portal 
venous pressure. However, because the WHVP can be spuriously 
elevated due to increased intraabdominal pressure, for exam-
ple from ascites, the free hepatic venous pressure (FHVP) is also 
measured by retracting the catheter into a nonocclusive position 
within the vein. Subtracting the FHVP from the WHVP results 
in the hepatic venous pressure gradient (HVPG), which is not 
subject to intraabdominal pressure changes. In the forthcoming 
sections, technical considerations and prognostic implications 
are discussed.

Comparison of End-Hole and Balloon 
Catheters for HVPG Measurement
Indirect portal pressure can be measured by advancing any vari-
ety of end-hole catheters into a wedged position within a hepatic 
vein (▶ Fig. 4.1; ▶ Fig. 4.2). Functionally, the pressure measure-
ments represent only a small area in the liver with smaller veins 
representing smaller areas of liver, and increased potential for 
discrepancy. Repeating measurements requires the end-hole 
catheter to be removed and then repositioned into the same 
vein. Moreover, an end-hole catheter may be subject to kink-
ing or partial obstruction resulting in spurious values. In 1979, 

Fig. 4.1  Wedged end-hole catheter: Fluoroscopic image with an 
end-hole catheter in a wedged position. Iodinated contrast was hand 
injected to blush the hepatic parenchyma (arrowhead) with reflux across 
the hepatic sinusoids, opacifying portal radicals (arrows).

Fig. 4.2  Magnification wedged end-hole catheter. Magnification 
fluoroscopic image with an end-hole catheter in a wedged position. 
Iodinated contrast was hand injected to blush the hepatic parenchyma 
(arrowhead) with reflux across the hepatic sinusoids, opacifying portal 
radicals (arrows).
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Barth and Udoff reported on the use of balloon catheters for 
indirect portal pressure measurement.4 Balloon catheters can 
occlude larger hepatic venous branches, allowing measurement 
of pressures across more sinusoids (▶ Fig. 4.3; ▶ Fig. 4.4). Repeat 
measurements are performed by deflating and inflating the bal-
loon, providing reproducible measurements from the same area 
more easily.

Several studies have compared the reliability and reproduc-
ibility of indirect portal pressure measurements between end-
hole and balloon catheters spanning over 40 years. Thalheimer 
and associates performed a meta-analysis of 11 studies on 320 
patients over 44 years and ultimately found that wedged hepatic 
venous pressure did indeed reflect the portal venous pressure.5 It 
is notable that 7 of the 11 studies used an end-hole catheter and 
that the 3 most recent studies were with the balloon technique.

The most recent studies comparing balloon with end-hole 
catheters for the measurement of HVPG were performed by 
Zipprich et al in 2010, Maleux et al in 2011, and Smith et al in 
2011.6–8 Zipprich et al compared the two methods head to head 
and noted that the assessment of the WHVP was the most strik-
ing weakness of the end-hole catheter. Moreover, they note the 
heterogeneity of liver disease and the possibility of sampling vari-
ability covering smaller areas of the liver and inherent periph-
eral positioning of the end-hole catheter to measure a WHVP 
as weaknesses of the technique. The balloon catheter produced 
more consistent results that were more closely correlated with 
the portal pressure.6 Maleux et al compared end-hole catheter 
measurements with balloon catheter measurements and noted 

that both corresponded well with a direct portal measurement. 
However, in this publication the agreement with direct portal 
pressure was “clearly much better” with the balloon catheter and 
there was more variability with the end-hole catheter measure-
ments.7 Smith et al noted significant overall differences between 
the two techniques, particularly in patients with fibrosis.8 Over-
all differences in the HVPG were small. Collectively, these studies 
comprise nearly 300 patients and generally found improved accu-
racy, reproducibility, and reliability with occlusion balloon cath-
eters versus end-hole catheters for the measurement of WHVP.

Technique
Performing the procedure in a reproducible manner in similar 
conditions is of paramount importance, particularly if a patient 
requires repeated measurements to monitor disease progression. 
Herein is a summary of the technique as published by Groszmann 
and Wongcharatrawee and reiterated in a separate publication by 
Groszmann, Vorobioff, and Gao.9,10 Groszmann et al recommend 
a quartz pressure transducer, which has been calibrated against 
a known external pressure, and a recorder which can trace the 
pressure values at a slow recording speed of approximately 
1-2 mm/s (▶ Fig. 4.5).

Using an occlusion balloon catheter and a scale measurement 
up to 30-40 mm Hg, the transducer should be positioned at the 
level of the right atrium in the mid-axillary line. The IVC pres-
sure should be recorded; then the catheter can be advanced into 
the  liver for measurement of the FHVP, WHVP, and mean pres-
sure. Of note, the FHVP should be no more than 1 mm Hg greater 
than the IVC pressure (▶ Fig. 4.6). Moreover, when performing 
occlusion measurements, a check for total occlusion is performed 
at the end of the measurement by injecting contrast. The authors 
recommend pressure tracings to continue for 45 to 60 seconds, 

Fig. 4.3  Confirmation of balloon occlusion. Fluoroscopic image with the 
balloon inflated. After the wedged hepatic measurement was recorded 
and before deflating the balloon, contrast is injected to confirm that the 
balloon was occluding the hepatic vein.

Fig. 4.4  Confirmation of balloon occlusion, a second example: 
Fluoroscopic image with a balloon occlusion catheter in a wedged 
position. Iodinated contrast was hand injected to confirm stasis in the 
hepatic vein. Care is taken not to reflux across the hepatic sinusoids.
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and measurements should be repeated at least three times to 
ensure reproducibility.

Generally, benzodiazepine sedatives will not significantly affect 
the accuracy of hepatic venous pressure measurements, though 
the patient should be similarly medicated each time if under-
going serial measurements.11 In contradistinction, Reverter et al 
found that if patients were not awake and under deeper levels 
of sedation, as would be achieved with propofol and remifent-
anil, there would be increased variability and uncertainty of the 

measurements attributable both to a change in the respiratory 
pattern and the hemodynamic effects of the sedatives.12

The Use and Prognostic Implications of 
Indirect Portal Pressure Measurement
Indirect portal pressure measurement has added tremendously to 
the body of knowledge regarding the pathophysiology, treatment, 
and research regarding portal hypertension. Indirectly measuring 
the portal pressure not only is diagnostic of portal hypertension, 
but can help differentiate the underlying etiology. Normal por-
tal pressure ranges between 1 and 5 mm Hg with values above 
5 mm Hg reflecting increased resistance through the portal cir-
cuit, portal hypertension. The pattern of the acquired pressure 
measurements (FHVP, WHVP, and HVPG) in conjunction with 
biopsy can help differentiate portal hypertension into pre-he-
patic, intra-hepatic, and post-hepatic etiologies with the large 
majority, viral hepatides, causing intra-hepatic portal hyperten-
sion. For instance, post-hepatic causes typically have elevation of 
the FHVP and WHVP, but a normal HVPG, while pre-hepatic eti-
ologies will have a normal WHVP despite clinical signs of portal 
hypertension.13,14

However, the clinical utility of this value transcends strict 
diagnosis as it can provide important prognostic information in 
cirrhotics, predict the development of complications of portal 
hypertension, and monitor therapeutic response in portal hyper-
tensives to support clinical decisions. D’Amico et al systematically 
reviewed 118 studies to evaluate the natural history and prog-
nostic indicators of survival in cirrhotics, finding that measure-
ment of the portal pressure was predictive of death in 67% of the 
studies.15 For the manifestations of portal hypertension such as 
ascites and varices to develop, the threshold portal pressure of 
10 mm Hg must be reached. Above a portal pressure of 12 mm Hg, 
the risk for variceal hemorrhage exists.16,17 When diagnosed with 
portal hypertension, patients are treated with beta-blockers and 
nitrates to help decrease the portal pressure, thereby decreasing 
the risk of variceal hemorrhage.18 Generally, a decrease of the 
HVPG by 20% is the goal of therapy, and monitoring the response 
with repeated HVPG measurements will delineate which patients 
may be nonresponders and warrant more aggressive therapy.19,20

Wedged CO2 Portography
Historically, portography was performed either through visceral 
arteriography, a direct percutaneous transhepatic approach, or 
through wedged hepatic portography, which forces a contrast 
medium across the hepatic sinusoids in a retrograde manner 
(from hepatic venules through the sinusoids and refluxing back 
into the portal venules). Presently, neither arteriography nor 
direct percutaneous access is commonly performed for the sole 
purpose of imaging the portal vein. Refinements in ultrasound 
technology, MRI, and CT coupled with the wide availability of 
these exams allow rapid, accurate, and noninvasive assessments 
of the liver, portal veins, and flow dynamics. However, while 
wedged CO2 portography is not considered an essential pre-
requisite for TIPS placement, it is routinely performed intrap-
rocedurally prior to TIPS placement to evaluate and localize 
potential portal venous radicals thereby decreasing needle 
passes and procedure time.

Fig. 4.5  Pressure tracing with free and wedged hepatic venous pressure. 
Pressure tracing strip shows a baseline pressure of the free hepatic vein. 
The balloon is inflated (black arrow) revealing a divergence between 
a wedged hepatic venous pressure (top line) and free hepatic venous 
pressure (baseline). The difference between the lines (arrowheads) is 
the hepatic venous pressure gradient. After deflating the balloon (white 
arrow) the two lines converge.

Fig. 4.6  Right hepatic venogram and free hepatic venous pressure. 
Fluoroscopic image of the sheath in the right hepatic vein, which is filled 
with iodinated contrast. The sheath tip is approximately 3 cm from a 
vertical white line, which demarcates the hepatic venous confluence 
with the inferior vena cava. Free hepatic venous measurements should 
be within 1 mm Hg of the IVC pressure.
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Characteristics of Carbon Dioxide
Carbon dioxide is colorless, odorless, widely available, inexpen-
sive, and safe. One of the important features of CO2 as a gas contrast 
is that it is highly soluble and does not readily create long-lasting 
“air-locks,” or rather, “gas-locks” in the studied area. Initially, CO2 
use as a venous contrast agent was described in the 1950s for 
the evaluation of pericardial effusion and since then it has been 
applied to many various interventional procedures including 
peripheral arterial disease, intra-abdominal hemorrhage, venous 
disease, abdominal aortic aneurysm repair, and TIPS placement 
among other procedures.21,22 Cho studied the effects of various 
intravenous CO2 volumes on cardiopulmonary parameters and 
confirmed that a single dose up to 1.6 cc/kg resulted in no adverse 
consequence, though caution should be exercised in patients 
with pulmonary hypertension. Because CO2 is continuously pro-
duced and exhaled, the small volumes needed for imaging can 
be repeatedly injected every 30 seconds to 60  seconds. More-
over, as an endogenously produced substance, CO2 poses no risk 
of allergy, hepatotoxicity, or nephrotoxicity. This is of particular 
importance when considering that many patients with vascular 
or liver disease may be susceptible to contrast induced nephro-
toxicity either from impaired renal function or depletion of their 
intravascular volume.23

Key characteristics of CO2 gas compared with other contrast 
agents include its buoyancy, low viscosity, and high solubility. 
Although CO2 rapidly dissolves in blood and is quickly cleared, it 
does not mix with blood in the same manner as iodinated contrast 
would. Instead, because CO2 is buoyant, it remains in the anti-
dependent position, floating anterior to blood in a supine patient. 
With digital subtraction techniques, this displacement of blood 
decreases the intravascular density and results in a negative con-
trast image. Taken together with low viscosity and high solubility, 
these properties allow rapid reflux of large volumes across the 
hepatic sinusoids. Any extravasation of CO2 is cleared quickly, and 
because it is a negative contrast agent, any residual CO2 does not 
create a parenchymal stain which may obscure wires or catheters.24 
However, because CO2 is buoyant and is of low viscosity and thus 
can reflux readily, CO2 portography is not reflective of portal hemo-
dynamics (for example, whether the portal flow is petal or fugal).

Preparation and Use of CO2

Several delivery systems exist for CO2 injection ranging from 
simple syringe hand injection, automatic and mechanical injec-
tors, to prepackaged carbon dioxide kits from multiple vendors. 
Two technical challenges in the handling and delivery of this gas 
are present: air contamination and “explosive delivery” during 
hand injection.22,25,26 In serial publications, Hawkins and Caridi 
described the essential components of a modified plastic bag 
system with an O-ring, syringe, stopcocks and connectors, and 
medical grade CO2 cylinder.27,28 This system allows controlled 
delivery and decreases potential contamination with room air. 
The plastic bag is purged three times through the O-ring filter 
with medical grade CO2 and will subsequently serve as the CO2 
reservoir. The reservoir is connected with a three-way stopcock 
and connectors to a 50-mL syringe and connector tubing. CO2 
from the reservoir is used to fill the syringe and purge the air out 
of the tubing, which is attached to a second three-way stopcock 
and then connected to the angiographic catheter. At the second 

three-way stopcock, it is crucial to elicit a small amount of back 
bleeding from the catheter and then to purge the blood from the 
catheter with CO2. This step functions to minimize the “explosive 
delivery” or “sudden give” that is noted when CO2 hand injection 
is performed. If the catheter is full of fluid, a forceful injection 
of CO2 is required to clear the fluid because CO2 is compressible. 
Upon clearing the catheter, the “sudden give” is felt as there is a 
rapid expansion of the CO2 and “explosive delivery” is realized. 
Priming the catheter as described allows for controlled, direct, 
and gentle injections of CO2.22,25 Digital subtraction angiography is 
performed at three to four frames per second. Stacking of images 
and inversion imaging is also used to increase the sensitivity and 
specificity of CO2 imaging24 (▶ Fig. 4.7; ▶ Fig. 4.8).

Comparison of Iodinated  
Contrast with CO2

To image the portal veins angiographically, one of three techniques 
can be employed: indirect portography through superior mesen-
teric and splenic arteriography with delayed imaging, percutane-
ous transhepatic access and direct injection of the portal veins, or 
reflux of contrast across the sinusoids from the hepatic to the por-
tal veins during wedged hepatic venography (WHV) (▶ Fig. 4.9).

Martinez-Cuesta et al compared WHV with indirect arterial 
portography and concluded that CO2 WHV was safe and effec-
tive, demonstrating the main portal vein in 90%, the right portal 
vein in 95%, and the left portal vein in 90% of patients. The supe-
rior mesenteric vein, splenic vein, gastroesophageal varices, and 
splenorenal shunts were visualized in less than 65% of patients.29 
However, it is important to note that arteriography is rarely if ever 
performed at the time of TIPS placement and would add both the 

Fig. 4.7  Wedging of balloon occlusion catheter prior to CO2 
portography. Fluoroscopic image of a balloon occlusion catheter (black 
arrow) with the balloon inflated in the distal right hepatic vein. Balloon 
occlusion is performed in preparation of CO2 injection.
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contrasts have been injected, the most common being iodinated 
contrasts and CO2, and subsequently studies comparing the media 
have emerged. Rees et al reported successful visualization of the 
portal system in 10 of 12 patients prior to TIPS.30 Sheppard and 
associates compared CO2 and iodinated contrast WHV during 
the placement of TIPS and concluded that in all three cases CO2 
was quick, effective, and should be used more frequently during 
TIPS.31 Yang et al retrospectively evaluated 43 TIPS patients for the 
identification of the portal vein between CO2 and iodinated con-
trast WHV and concluded that CO2 was more likely to correctly 
and completely identify the portal vein.32 Debernardi-Venon et 
al compared iodinated contrast with CO2 WHV in 100 patients 
undergoing an evaluation of portal hypertension.33 They noted 
that CO2 WHV yielded markedly superior visualization of the por-
tal venous system noting that the portal system was better visu-
alized by CO2. Krajina et al confirmed the superiority of CO2 over 
iodinated contrast during TIPS placement, retrospectively com-
paring 36 patients who underwent iodinated contrast WHV and 
45 patients who underwent CO2 WHV prior to TIPS.34 In the iodin-
ated contrast cohort, the portal vein bifurcation was visualized 
in 25% of patients, while in the CO2 cohort, the portal vein bifur-
cation was visualized in 87% of patients. Most recently, Maleux 
and associates compared pre-TIPS CO2 WHV with direct catheter 
portography after TIPS creation in 163 patients.35 While they con-
cluded that CO2 was safe, efficient, and reliable in identifying the 
right and left portal veins, it could not opacify the entire portal 
trunk as well as direct catheter portography.

Complications of Wedged CO2 
Portography
With respect to venography, no report of gas embolism is pres-
ent. As discussed earlier, caution should be taken in patients 
who have respiratory disease as they may not be able to clear 
CO2 readily. When in doubt, arterial blood gas should be checked 
between injections, which may also be separated by greater 
intervals of time.23,36 Small case series have described severe liver 
injury during the performance of wedged CO2 venography at the 
time of TIPS placement. During the placement of TIPS, Rees et al 
reported on inconsequential small subcapsular hematomas from 
the extravasation of CO2 gas. Semba et al, Kantermann et al, and 
Theuerkauf et al each published cases of patients who suffered 
hepatic lacerations during wedged CO2 portography prior to TIPS 
placement, and collectively the increased risk of laceration was 
attributed to patient coagulopathy, the presence of ascites, and 
the over-injection of CO2 distally in the hepatic vein within 2 cm 
of the hepatic capsule.37–39 Anecdotally, these hepatic capsular 
lacerations are not uncommonly fatal or near fatal especially in 
the setting of coagulopathy. Hepatic vein embolization and quick 
TIPS-creation (to divert blood away from the hepatic paren-
chyma) is recommended without delay.
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Chapter 5:  Hemodynamic Evaluation of the Liver and 
Transjugular Liver Biopsy
George Behrens and Hector Ferral

Introduction
Because portal hypertension (PHT) is the earliest and most 
important consequence of cirrhosis and underlies most of the 
clinical complications of the disease, hemodynamic evaluation 
of the liver carries the most useful and critical information to 
diagnose, stratify their risks, and monitor of the efficacy of med-
ical treatment of these patients.1 Recent studies have shown that 
measurement of hepatic venous pressure gradient (HVPG) has a 
greater diagnostic accuracy than liver biopsy in the diagnosis of 
cirrhosis even though liver biopsy remains the “gold standard” in 
the diagnosis of cirrhosis.2

Transjugular catheterization of a hepatic vein with measure-
ment of the HVPG is considered the gold standard method to 
determine the portal pressure in clinical practice.3,4 It is calcu-
lated as the difference between the wedged hepatic venous pres-
sure (WHVP) optimally obtained by an inflated catheter balloon 
in the mid or distal hepatic vein and the free hepatic venous 
pressure (FHVP) with the balloon deflated.1–3 This method, in the 
absence of presinusoidal obstruction, indirectly reflects the por-
tal pressure.

Several longitudinal studies have shown that WHVP provides 
an accurate estimation of the portal pressure in alcoholic and 
viral related cirrhosis.1,5,7,13 Thus, the HVPG has a greater diag-
nostic accuracy than liver biopsy in the diagnosis of cirrhosis. In 
addition to the degree of PHT, the HVPG provides an excellent tool 
to evaluate response to the pharmacologic and nonpharmacologic 
interventions as well to reliably predict the outcomes in patients 
with cirrhosis-related PHT.10–12

In addition to the hemodynamic pressure measurements, other 
procedures can be performed during hepatic vein catheteriza-
tion. These procedures include transjugular liver biopsy (which 
is discussed at the end of this chapter), CO2 portography, and 
right heart catheterization in suspected congestive hepatopathy 
or investigation of cardiopulmonary complications caused by 
cirrhosis.

The most frequent procedure performed in conjunction with 
pressure measurement is transjugular liver biopsy (TJLB).14,15 In the 
past, aspiration specimens obtained by a transjugular approach 
were considered to be inferior or less satisfactory compared with 
the percutaneous approach because they were smaller and more 
fragmented.16 However, with the improvement and widespread 
use of new Tru-Cut type needles and technique improvement, the 
samples are now considered equal for the diagnosis and almost 
comparable for staging and grading chronic liver disease.14,17

Hemodynamic Evaluation  
of the Liver
Material Required for the Procedure
•	 Ultrasound machine with linear array probe
•	 State-of-the-art angiography suite

•	 Micropuncture set (Cook Medical, Bloomington, IN) or 
18-gauge access needle

•	 9-French × 35-cm bright tip or 10-Fr × 45-cm flexor vascular 
sheath

•	 180-cm × 135-cm Bentson guidewire (Cook Medical)
•	 6.5-Fr flow-directed balloon catheter made by Cook Medical
•	 8.5- to 11.5-mm, 6-Fr Berenstein occlusion balloon catheter 

(Boston Scientific, Natick, MA)
•	 Pressure transducer system

Preprocedure Preparation
•	 Obtain informed consent.
•	 Ensure no contrast allergy; otherwise, CO2 can be used as con-

trast media; ensure a platelet count greater than 50,000/μL.
•	 The patient should have nothing by mouth for 4 to 6 hours 

before the procedure.
•	 Coagulation profile: platelets: should be greater than 5000 to 

10,000; international normalized ratio should be less than 3.0 
to 3.5.

Technique
1.	 Sedation: Almost all cases can be done with conscious 

sedation, providing comfort during the procedure. General 
anesthesia could be used in claustrophobic or pediatric 
patients. Conscious sedation is obtained with midazolam, up 
to 0.02 mg/kg at 0.5- to 1-mg increments, and fentanyl, 0.05 
to 2 g/kg at 25 to 50 mcg per increment, and is generally 
well tolerated. Higher doses of midazolam or deep sedation 
significantly alter pressure measurements.

2.	 Monitoring: As recommended by the American Society 
of Anesthesia, all patients should be monitored for blood 
pressure, heart rate, oxygen saturation, end-tidal CO2, and 
electrocardiography. Cardiac ectopies and arrhythmias have 
been reported during catheterization of the hepatic veins, 
particularly in patients with electrolyte abnormalities.

3.	 Venous access: Venous access is obtained under real-time 
ultrasound guidance using a micropuncture access needle 
set (Cook Medical) or an 18-gauge needle. At our institution, 
all access is obtained using a micropuncture access set. The 
right jugular vein (RJV) has been the main vessel access. 
The theory behind supported by straighter anatomy for the 
access of the hepatic veins in comparison with the left IJ. 
However, our unpublished experience shows no significant 
difference. Right internal jugular vein obstruction may 
become a problem in patients with end-stage renal disease 
or previous history of RJV catheterization; in these cases, 
alternative access such as the external jugular, left internal 
jugular, or subclavian approach should be used. In these 
circumstances, the patients usually just are slightly more 
uncomfortable requiring more sedation. After venous access 
is obtained, a 9-Fr, 45-cm bright tip or 10-Fr flexor vascular 
sheath (Cook Medical) is advanced over a 0.035-inch 
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guidewire into the inferior vena cava (IVC). It is always 
recommended to exclude the presence of an IVC filter before 
advancing the guidewire. There are some reports in the 
literature of IVC filter migration and guidewire entrapment 
within a filter.

4.	 Hepatic vein catheterization: A 5-Fr multipurpose catheter 
is then used to perform selective catheterization of the right 
or middle hepatic vein. When the access into the hepatic 
veins is difficult given the patient anatomy or in overweight 
or transplanted patients, reverse-curve catheters such as 
AL-1.5 6-Fr Guiding Launcher, 5-Fr Simmons-1 Cobra, or 
even, a Shetty catheter is recommended. Our personal 
experience shows that the 6-Fr Launcher catheter is the best 
catheter to obtain access into the hepatic vein after failure of 
a multipurpose catheter (▶ Fig. 5.1A).

5.	 Hepatic venogram: A hepatic venogram is suggested 
to confirm the position and the patency of the selected 
hepatic vein (▶ Fig. 5.1B). The multipurpose catheter is then 
exchanged for an occlusion balloon catheter, and wedge 
hepatic and free hepatic venous pressures are then obtained. 
The balloon catheter is positioned at the mid hepatic vein 
level, estimated by the hepatic vein venogram (▶ Fig. 5.2). 
If the hepatic vein is extremely large in diameter, then the 
catheter is positioned more distally.

6.	 Transducer calibration: Most transducers come precali-
brated. The transducer is placed at the level of the heart, 
preferably at an approximate level of the mid right atrium. 
With transducer open to air (zero pressure), adjust the 
transducer to read zero.

7.	 Pressure tracings and scale: Permanent records should be 
captured either on paper or electronically. Use an appropri-
ate scale for venous pressure measurements (full range up 
to 50 mm Hg) with appropriate visualization of the baseline 
because the normal right atrial pressure could be from 
-5 mm Hg.

8.	 FHVP: The FHVP is measured by maintaining the tip of the 
catheter “free” in the mid hepatic vein. The FHVP should 
be close to IVC pressure; if the difference between these 

pressure values is more than 2 mm Hg, it is likely that the 
catheter is inadequately placed. In these cases, IVC pressure 
should be used for calculating HVPG.

9.	 WHVP: The WHVP is measured by occluding the hepatic 
vein, either by “wedging” the catheter into a small branch of 
a hepatic vein or by inflating a balloon-catheter. Occlusion of 
the hepatic vein by inflating a balloon is preferred because 
the volume of the liver circulation transmitting portal 
pressure is much larger than that attained by wedging the 
catheter. This reduces the variability of the measurements. 
Adequate occlusion of the hepatic vein is confirmed by slowly 
injecting 5 mL of contrast into the vein with the balloon 

Fig. 5.1  (a) Hepatic vein catheterization. Frontal spot view venogram demonstrates the use of a reverse curve catheter (Launcher) to gain access in a 
middle hepatic vein. Catheterization of this vein had been attempted with a multipurpose catheter but had failed. (b) Hepatic venogram. Posterior-
anterior projection (PA) digital subtraction venogram demonstrates a patent middle hepatic vein. Note the more central and caudal course of this vein.

Fig. 5.2  Wedge position on a balloon catheter. Posterior-anterior 
projection (PA) spot film demonstrates the occlusion-balloon catheter 
inflated with air. The catheter is positioned in a central location within 
the right hepatic vein.
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inflated. No reflux of the contrast or washout through com-
munications with other hepatic veins should be observed. 
Otherwise, WHVP might underestimate portal pressure.

10.	 Number of pressure measurements: All measurements 
should be taken at least in three times. The final value is 
calculated as the mean of these measurements.

Complications
Overall, the hemodynamic evaluation of the liver is a really safe 
procedure with almost no major complications.15 Minor com-
plications reported are infrequent and include bleeding and/or 
hematoma at the puncture site. Most reported major complica-
tions are caused by the transjugular liver biopsy part rather than 
hemodynamic evaluation.17

Interpretation of the Hepatic 
Venous Pressure Gradient
Hepatic venous pressure gradient measurement has evolved 
from diagnostic purposes to be considered the most reliable tool 
to assess the severity, prognosis, and response to treatment of 
chronic liver disease and liver cirrhosis, including the risk of the 
complications such as ascites, variceal bleeding, encephalopathy, 
and hepatorenal syndrome.9 Because the HVPG is a strong and 
independent predictor of outcomes in both compensated and 
decompensated cirrhosis, a new clinical classification system 
of cirrhosis that incorporates histologic, clinical, hemodynamic, 
and biologic features has been developed (▶ Table 5.1). This new 
classification is necessary for overcoming the limitation of pre-
maturely concluding cirrhosis as an end stage of chronic liver dis-
ease. This system classified the distinction of compensation and 
decompensation, which is mainly defined by clinical outcome.4 
This classification uses the METAVIR scoring system to stage the 
degree of fibrosis found on the liver specimens, from no fibrosis 
as F0 to cirrhosis as F4. F1 to F3 are considered different degrees 
of fibrosis in the periportal regions to bridging fibrosis between 
the portal tracts.

Multiple studies have been shown that an HVPG greater than 
10 mm Hg correlates with the presence of gastroesophageal var-
ices.1,2,4 Ripoll et al found that HVPG of 10 mm Hg or greater pre-
dicts the likelihood of developing hepatic decompensation in 40% 

at 4 years and development of hepatocellular carcinoma (HCC).18,19 
For this reason, the term “clinically significant PHT” has been rec-
ognized when the HVPG is greater than 10 mm Hg. Patients with 
compensated cirrhosis gain 10% risk of decompensation at 5 years 
for each 1-mm Hg increase of the HVPG.18,20

The HVPG is also important in patients with decompensated 
cirrhosis, providing the mortality risk during the following years. 
In the patient with an acute variceal hemorrhage, a gradient of 
more than 20 mm Hg is an independent predictor of rebleeding 
and death.12,21 For this reason, 16 mm Hg is considered the opti-
mum cutoff value in decompensated cirrhosis.6,22

In patients with compensated cirrhosis, a gradient of 10 mm 
Hg or more is an independent predictor for developing HCC with 
a sixfold increased risk compared with patients with a gradient 
less than 10 mm Hg.19 The gradient also has an important role 
in the treatment of HCC. In patients with compensated cirrhosis 
with a resectable HCC, the presence of a gradient greater than 
10 mm Hg markedly increases the risk of hepatic decompensa-
tion 3 months after surgery. For this reason, surgical resection for 
HCC is reserved only in patients without clinically significant PHT 
(HVPG <10 mm Hg).23

Variceal bleeding occurs when HVPG is greater than 12 mm 
Hg. Longitudinal studies have demonstrated that if the gradient 
decreases to less than 12 mm Hg or at least 20% from the base-
line by medical treatment (drug therapy), spontaneously, or by a 
transjugular intrahepatic portosystemic shunt (TIPS) procedure, 
the variceal bleeding is prevented, and varices decrease in size.24,25 
In patients who survive a variceal bleeding episode, the reduc-
tion of the gradient less than 12 mm Hg or more than 20% from 
the baseline is the strongest independent predictor of protection 
from subsequent bleeding episode, as well as other PHT-related 
complications such as ascites, spontaneous bacterial peritonitis, 
or hepatorenal syndrome. Two studies have shown that evalua-
tion of the acute HVPG response to intravenous administration 
of propranolol is a practical tool in predicting the efficacy of non-
selective beta-blockers in preventing variceal bleeding.26,27 The 
acute HVPG response to propranolol was independently associ-
ated with survival in these patients.

Transjugular Liver Biopsy
Despite rapidly improving serologic, biomolecular testing, and 
noninvasive methods to assess the degree of cirrhosis, liver 

Table 5.1  Clinical Stages of Cirrhosis and Portal Hypertension

Classification Stages

METAVIR F1–F3 F4 F4 F4 F4

HVPG (mm Hg) > 6 > 10 > 12 > 16

Clinical class Stage 1 Stage 2 Stage 3 Stage 4

No cirrhosis Compensated Compensated Decompensated Decompensated

Varices Variceal bleeding
Ascites
Encephalopathy

Variceal bleeding
Ascites
Encephalopathy
Bacterial infection
Hepatorenal syndrome

1-yr mortality rate (%) 1 3 10–30 60–100

HVPG: hepatic venous pressure gradient.
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biopsy still considered the “gold standard” for the evaluation of 
acute and chronic liver diseases. Histologic assessment provides 
critical prognostic information and is frequently pivotal in thera-
peutic decisions not only for diagnosis but also to assess progres-
sion and response to therapy of chronic liver diseases.

Since Paul Elrich in 1883 described the first liver biopsy aspi-
rate, several approaches have been developed to obtain liver  
tissue, including open surgical biopsy, percutaneous with or 
without image guidance (ultrasonography or computed tomogra-
phy), laparoscopic, or transjugular. A transjugular approach was 
proposed by Dotter in 1964 in an experimental model,28 and it 
was not until 1967 when the first case was performed by Hanafee 
et al.29

For most of the individuals, liver biopsy is safely and efficiently 
performed by the standard percutaneous approach. However, in 
patients with advanced liver disease with or without coagulopa-
thy, for whom liver biopsy findings may be most critical and the 
associated risk of percutaneous approach carries an unacceptable 
bleeding risk, the transjugular approach becomes an excellent 
method to obtain tissue diagnosis.

Transjugular liver biopsy consists of obtaining liver tissue 
through a rigid cannula introduced into one of the hepatic veins 
via the jugular approach, which reduces the risk of intraabdomi-
nal hemorrhage after biopsy because the liver capsule is not vio-
lated and any bleeding resulting from the biopsy needle will drain 
into the hepatic veins.

This procedure was originally indicated in patients who had 
a contraindication to percutaneous biopsy such as those with 
a coagulopathy, including ascites,17,30 acute liver failure,31 large 
amount of adipose tissue, congenital clotting disorders,32,33 and 
after liver transplantation. Currently, the main indication for TJLB 
is the possibility of being performed during the hemodynamic 
evaluation of the liver,33 diminishing the added risk of a percuta-
neous liver biopsy (▶ Box 5.1).

There are no clear contraindications for a transjugular 
approach; however, it is not recommended during evaluation of 
focal liver masses or if there is a known history of central venous 
occlusion (▶ Box 5.2).

Materials
•	 Transjugular liver biopsy kit system. The LABS-100 or LABS-

200 set with its either 18- or 19-gauge Quick-Core needle 
made by Cook Medical or the TLAB system also with its 
18- or 19-gauge Flexcore needle recently acquired by Argon 
Medical Devices (Athens, TX). These two sets are Food and 
Drug Administration approved for this purpose. Both systems 
contain the following materials:
•	 7-Fr × 49-cm plastic sheath over angled metal sheath 

stiffener
•	 5-Fr multipurpose catheter for hepatic vein catheterization
•	 8-Fr dilator

Transjugular Liver Biopsy Technique
After completing the hemodynamic evaluation and in cases when 
liver tissue is required for a complete assessment of the liver or 
portal disease, a transjugular liver biopsy can be performed. This 
procedure can be safely performed in no more than 10 minutes.
1.	 Cannula placement for biopsy: The occlusion balloon placed 

for the estimation of the HVPG is removed over a wire, 
and the TJLB guiding cannula is advanced distally into the 
selected hepatic vein. In some instances, a guidewire with 
more support is required to advance the rigid cannula into 
the hepatic vein. A 0.035-in × 135-cm Rosen or even a super-
stiff Amplatz guidewire is suggested (▶ Fig. 5.3).

2.	 Needle biopsy: Next, the liver samples are obtained using the 
selected TJLB needle system. It is important to remember the 
orientation of the needle in relation of the cannula. The Cook 
LABS 100 or 200 set recommend the needle spring-fire system 
should be facing upward toward the angulation of the cannula. 
If the set selected is the TLAB, the spring-fire red portion of the 
needle should be pointing toward the red mark in the cannula.

3.	 Orientation of the cannula during biopsy: If the catheter-
ized vein is the right hepatic vein, an anterior orientation of 
the stiff cannula is recommended. This anatomic guideline 
is based in cross-sectional imaging where almost the entire 
right lobe of the liver is in an anterior location. However, 
careful attention must be present during the catheteriza-
tion of the middle hepatic vein because the amount of liver 
parenchyma is less. This may increase the risk of capsular 
perforation or gallbladder perforation. In our experience, in 
three of five hemobilia cases with middle hepatic vein access 
with the cannula pointing anterior, lateral or even posterior 

Box 5.1  Indications for Transjugular Liver Biopsy

Hemodynamic evaluation
Coagulopathy
Ascites
Massive adipose patients
Follow-up after liver transplant

Box 5.2  Contraindications for Transjugular Liver Biopsy

No clear contraindications
Lack of patent central veins (jugular veins or subclavian)
Assessing focal liver lesions

Fig. 5.3  Placement of the guiding cannula. Posterior-anterior (PA) spot 
film demonstrates the rigid cannula within the 10-Fr sheath, placed 
into the hepatic vein. The cannula is in a good position to obtain a liver 
sample.
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orientation of the cannula is suggested. Similar findings are 
seen in previous reports. Our standardized protocol includes 
at least two peripheral samples of the liver and two central 
specimens. We found this as a critical aspect in the proce-
dure, particularly in cases of chronic and diffuse liver disease, 
such as viral hepatitis.

4.	 Evaluation of the specimen: From a technical standpoint, we 
considered an optimal sample if the specimen is at least 75% 
of the needle throws. We follow the idea of at least 20 mm 
of peripheral and 20 mm of central specimens. Of course, at 
the end, the number of samples obtained per procedure is 
determined by the operator’s judgment.

5.	 The rigid cannula and the vascular sheath are removed, and 
pressure is applied at the puncture site.

Complications
Transjugular liver biopsy is considered a safe procedure with few 
minor and major complications. Minor complications reported 
are small subcapsular hematoma, hemorrhage, and abdominal 
pain. Major complications occur in around 0.6% of the cases; 
hemobilia occurs most frequently. The overall mortality rate has 
been estimated in 0.1%.15

Specimens
The liver tissue obtained during the TJLB procedure should be 
immediately placed in a sterile cup containing formalin to be sent 
immediately to pathology for histologic evaluation.

An adequate biopsy specimen is critical for accurate histologic 
interpretation. Current recommendations are that an adequate 
liver biopsy specimen must be at least 15 mm long and contain 
at least six complete portal tracts (CPTs) to be considered optimal 
for diagnosis of diffuse liver disease.30 However, recently, it has 
been demonstrated that reliable grading and staging of liver dis-
ease require a biopsy of at least 20 mm in length and at least 11 
CPT.34,35 The number of CPTs is considered to be the most import-
ant parameter in determining both the grade and stage of diffuse 
liver disease. The quality of TJLB specimens has been questioned 
because in theory, the specimens obtained with the transjugular 
biopsy needles are small and prone to fragmentation.30 Recent 
advances in the design of transjugular spring-fire needle systems 
should yield liver samples useful for histologic evaluation.

Multiple reports have criticized the transjugular method, argu-
ing that the specimens obtained are suboptimal for the evalu-
ation of chronic liver diseases, particularly in chronic hepatitis, 
both for grading and staging purposes.36 In this regard, it is very 
important to distinguish between the value of individual spec-
imens and the total amount of tissue submitted for evaluation. 
Standish et al have emphasized the importance of submitting 
multiple liver specimens to improve the diagnostic and prognos-
tic yield of liver biopsies.36 Previous studies support the concept 
that a transjugular liver biopsy procedure can yield sufficient 
information if at least three individual nonfragmented specimens 
are submitted for evaluation.36,37 Our group showed that the 
information obtained from a single liver sample is insufficient for 
diagnosis as well as for grading and staging. An average of four 
individual liver cores samples are required to achieve a specific 
histologic diagnosis in 96% of the cases. In addition, a retrospec-
tive study by Behrens et al demonstrated that the Flexcore needle 

(TLAB) was superior to the Quick-Core needle (Cook Medical), 
obtaining a significantly higher mean number of CPT and there-
fore is significantly more useful for both staging and grading the 
liver disease.
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Chapter 6:  Medical Management of Portal 
Hypertension Complications
Wissam Bleibel and Abdullah M.S. Al-Osaimi

Introduction
Portal hypertension (PHT) is caused by increased resistance to 
portal outflow and increased portal inflow resulting in portal 
venous pressure greater than 5 mm Hg. These hemodynamic 
changes result in increased blood volume in the splanchnic 
venous system and reduced circulating volume in the arterial and 
systemic venous systems. This abnormal distribution of blood 
volume leads to pathologic changes in most of the body’s systems, 
including the cardiovascular, renal, immune, central nervous, and 
pulmonary systems1,2 This chapter focuses on the medical man-
agements of cirrhosis and PHT; endoscopic and interventional 
management will be discussed in a separate chapter.

Anatomy and Physiology
The vast majority of the blood draining from the gastrointesti-
nal (GI) tract and spleen flows through the liver via the portal 
venous system. This allows the liver to manifest its significant 
metabolic, detoxifying, synthetic, and immunologic functions. 
The liver receives less than 25% of its blood supply via the hepatic 
artery, and in the hepatic sinusoids, arterial and portal venous 
blood mix together and drain into the hepatic vein. Branches of 
the portal venous system communicate with the vena cava sys-
tem via watershed areas in the distal esophagus, superior and 
middle hemorrhoidal veins, paraumbilical veins, splenic venous 
bed and left renal vein, and retroperitoneum. In normal hemo-
dynamic conditions, blood flow through these communications 
is minimal, but in cases of PHT and increased resistance in the 
portal venous routes, these communicating vessels significantly 
enlarge, thereby shunting major volumes of blood into the vena 
cava system (▶ Fig. 6.1).2

Clinical Pathophysiology
Portal hypertension can be classified based on the site of vascu-
lar resistance leading to increased venous pressure. Most cases 
of PHT are caused by cirrhosis, which is the most common cause 
of intrahepatic PHT. Other causes leading to intrahepatic (also 
known as sinusoidal) PHT include primary biliary cirrhosis, pri-
mary sclerosing cholangitis, alcoholic hepatitis, acute hepatitis, 
nodular regenerative hyperplasia, and infiltrative liver diseases. 
Prehepatic (presinusoidal) PHT is most commonly seen in cases 
of schistosomiasis (▶ Table 6.1). Other causes of prehepatic PHT 
include portal vein thrombosis, splenic vein thrombosis, and 
extrinsic compression on the portal vein. The third form of PHT 
is postsinusoidal, which is caused by increased pressure in the 
hepatic venous system in cases of right-sided congestive heart 
failure, tricuspid valve disease, constrictive pericarditis, Budd-
Chiari syndrome, and veno-occlusive disease (▶ Table 6.1).3

In cases of increased portal venous pressure, blood flow is 
diverted toward collateral of lower resistance. These collaterals 
are in the watershed areas that communicate with the systemic 

venous system. The communicating vessels enlarge over time 
and develop large vascular structures known as varices. Although 
these collaterals shunt large amounts of blood, they are not able 
to effectively decompress the portal venous system and reduce 
the pressure back to normal.3

The portosystemic shunts associated with PHT reduce the pres-
sure in the portal venous system, yet they are associated with 
pathologic manifestations. The massive dilatation of these vascular 
structures predisposes them to bleeding, clinically known as var-
iceal hemorrhage. In addition, the immunologic and detoxifying 
roles of the liver can be significantly reduced by the portosystemic 
shunting of blood, thereby leading to increased systemic inflam-
matory response and hepatic encephalopathy (HE). Increased 
pressure in the portal venous system leads to development of 
ascites and hepatic hydrothorax (HH). This pathologic accumula-
tion of fluid predisposes it to microbial infection known as sponta-
neous bacterial peritonitis (SBP). The hemodynamic disturbances 
associated with pooled blood in the portal venous system and 
away from the systemic veins lead to disturbances in the renal and 
pulmonary vascular systems, which clinically manifest as hepato-
renal, hepatopulmonary, and portopulmonary syndromes.4

Gastrointestinal Varices
Progression of PHT necessitates further decompression of the 
congested portal venous system via further dilatation of porto-
systemic collateral or varices (▶ Fig. 6.1). At a certain point, these 
vascular structures become overwhelmed by their increased 
intraluminal pressure and blood flow. The clinically most signif-
icant forms of GI varices include esophageal, gastric, rectal, and 
less commonly ectopic varices of the GI tract. Esophageal varices 
are of the highest clinical significance because their rupture is the 
number one cause of death related to complications of cirrhosis.

Esophageal Varices
In the cirrhosis population, 8% of patients develop esophageal 
varices de novo annually, and preexisting small varices become 
large at the same annual rate.5 Varices are less commonly seen in 
well-compensated cirrhosis (40% of patients with Child-A cirrho-
sis), yet with progression of liver failure, the risk of varices (up to 
85% of patients with Child-C cirrhosis) and variceal hemorrhage 
increases. Around 60% of the cases of variceal hemorrhage do 
not spontaneously stop, and each episode of bleeding continues 
to carry a mortality rate of 20% despite the currently available 
treatment. Survivors carry a 60% risk of rebleeding within 1 to 
2 years.6–8

Medical management of esophageal varices is directed at three  
levels: primary prophylaxis, treatment of active or recent hem-
orrhage, and secondary prophylaxis of variceal bleeding. ▶ Fig. 
6.2 and ▶ Fig. 6.3 show our proposed algorithms for the manage-
ment of esophageal varices and upper GI bleeding in patients with 
known or suspected PHT. Given the high risk of developing varices 
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and their associated bleeding complication, screening guidelines 
have been set by various hepatology societies. The predicted risk 
for esophageal variceal bleeding is determined by endoscopic eval-
uation and is based on the location of the varices (a higher risk is at 
the gastroesophageal junction and the palisade zone), size of the 
varices (larger varices are associated with higher risk to rupture), 
endoscopic finding of high-risk signs (red wale marks, cherry red 
spots, hematocystic spots, and diffuse erythema), and clinical 
manifestations of decompensated liver function. The 1-year risk 
of bleeding can be determined based on cumulative effect of these 
factors. This risk can be as low as 6% in a Child-A patient with small 
esophageal varices (grade F1) without high-risk stigmata and as 

high as 76% in a Child-C patient with large (grade F3) esophageal 
varices with significant high-risk stigmata (▶ Fig. 6.4).8,9

Pharmacologic therapy of high-risk varices is targeted at reduc-
ing portal resistance and portal pressure by using vasoconstrictors 
or venodilators. Splanchnic vasoconstriction can be achieved by 
using nonselective beta-blockers, vasopressin and its analogues, 
or somatostatin and its analogues. Splanchnic vasoconstriction 
results in reduction of portal venous inflow. Nitrates lead to 
reduction in systemic arterial pressure with resultant reduction in 
arterial hepatic blood flow and subsequent reduction in sinusoidal 
and portal pressures. The combination of a vasoconstrictor and a 
vasodilator has a synergistic effect on reducing portal pressure.7,8,10

Table 6.1  Causes of Noncirrhotic Portal Hypertension

Intrahepatic Presinusoidal PHN Sinusoidal PHN Extrahepatic Postsinusoidal PHN

Hepatic schistosomiasis Cirrhosis Budd-Chiari syndrome

Congenital hepatic fibrosis Noncirrhotic alcoholic liver disease Right heart failure

Noncirrhotic portal fibrosis Infiltrative disorders:
• Amyloidosis
• Systemic mastocytosis
• Malignancy
• Myeloproliferative disorder

Constrictive pericarditis

Nodular regenerative hyperplasia Suprahepatic IVC thrombosis

Primary biliary cirrhosis or primary sclerosing 
cholangitis

Pulmonary hypertension

Tricuspid valve regurgitation

Extrahepatic Presinusoidal PHN Intrahepatic Postsinusoidal PHN

Portal vein thrombosis Veno-occlusive disease

Superior mesenteric vein thrombosis Peliosis hepatis

Splenic vein thrombosis Hypervitaminosis A

IVC: inferior vena cava; PHN: portal hypertension.
(Adapted with modifications from Molina E, Reddy KR. Noncirrhotic portal hypertension. Clin Liver Dis 2001;5:769–787.72)

Fig. 6.1  Anatomy of the portal circulation. 
Gastric varices caused by splenic vein 
thrombosis (SVT) tend to arise from the short 
gastric veins running from the hilum of the 
spleen to the greater curvature aspect of the 
stomach rather than through splenorenal 
or gastrorenal shunts common with portal 
hypertensive fundal varices. IVC: inferior vena 
cava; LGV: left gastric vein; LRV: left renal 
vein; PV: portal vein; SGV: short gastric vein; 
SMV: superior mesenteric vein; SV: splenic vein.
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Fig. 6.2  Algorithm for the screening and 
management of varices. Decompensation 
is defined as worsening of liver function by 
laboratory or clinical findings or decreasing 
platelet count to less than 100,000/mL. EGD: 
esophagogastroduodenoscopy; EVs: esophageal 
varices; EVL: endoscopic variceal band ligation.

Fig. 6.3  Algorithm for management of variceal 
bleeding. Abx: antibiotics; BRTO: balloon-
retrograde transvenous obliteration; EGD: 
esophagogastroduodenoscopy; EV: esophageal 
varices; EVL: endoscopic band ligation; GI: 
gastrointestinal; GOV: gastroesophageal varices; 
GV: gastric varices; PHTN: portal hypertension; 
PPI: proton pump inhibitor; TIPS: transjugular 
intrahepatic portosystemic shunt.
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Fig. 6.4  Classification of esophageal varices. (a) Small, low-risk esophageal varices (or F1), almost flattened out with insufflation. (b) Medium-sized, low-
risk esophageal varices (F2) that did not flatten with insufflation. (c) Large esophageal varices larger than one third of the esophageal lumen with some 
high-risk stigmata (red marks or wheals). (d) Esophageal varices with high-risk stigmata for recent bleeding and rebleeding with red marks and a nipple 
sign or fibrin plug.

Primary Prophylaxis
Nonselective beta-blockers (e.g., propranolol, nadolol, and carve-
dilol) have been shown to reduce the risk of first variceal bleeding 
(i.e., primary prophylaxis). The use of beta-blockers as primary 
prophylaxis is indicated for patients with small, medium, or large 
esophageal varices and decompensated liver disease (Child-A or -B  
cirrhosis). Although beta-blockers have been shown to reduce the 
risk of first bleeding from small esophageal varices in patients 
with Child-A cirrhosis, the risk of bleeding and the benefit of pri-
mary prophylaxis is small; therefore, the use of these medications 
is not currently recommended for this patient population (see 
▶ Fig. 6.2).7,8,11,12

A meta-analysis of 11 trials that included 1189 patients showed 
that the risk of first variceal bleeding in patients with medium- or 
large-sized varices is significantly reduced by beta-blockers (30% 
in control participants vs. 14% in beta-blocker–treated patients) 
and indicated that treating 10 patients with beta-blockers results 
in preventing 1 variceal hemorrhage and reduces mortality in 
this patient group. The therapeutic target of beta-blockers is to 

reach a 25% reduction of heart rate from the baseline heart or to 
reach the maximum tolerated dose. When beta-blocker therapy is 
stopped, the PHT increases back to pretreatment levels; therefore, 
these medications should be given indefinitely.11,12,13

Reducing the hepatic venous pressure gradient to less than 
12 mm Hg significantly diminishes the risk of variceal bleeding. 
Achieving this goal is not possible in many cases because of side 
effects of beta-blockers. About 15% of patients have contraindica-
tions for the use of beta-blockers, and another 15% of patients have 
to stop the medication because of significant side effects. Studies 
have shown a 10% to 20% reduction in hepatic venous pressure 
gradient significantly decreases the risk of variceal bleeding.14

Treatment of Variceal Hemorrhage
Survival analyses have shown reduction in mortality rates asso-
ciated with active variceal bleeding with the currently available 
treatment. The management options include general medical 
measures, medical treatment, endoscopic interventions, inter-
ventional radiologic procedures, and surgery (▶ Fig. 6.3).15

IRBK003-CH06_p051-063.indd   55 5/27/17   6:13 PM



Section II: Medical, Endoscopic, Percutaneous,  and Surgical Management

56

The initial management measures include admission to inten-
sive care setting, fluid resuscitation, and airway management to 
prevent aspiration and respiratory complications. Variceal bleed-
ing could be massive, thereby leading to hemorrhagic shock with 
multiorgan failure. Caution should be taken not to overtransfuse 
with blood products and fluids because doing so may increase 
the portal venous pressure and thereby may increase the risk 
or rebleeding. Thus, the current recommendations indicate a 
hemoglobin level of 8.0 g/dL as a target for transfusion. Using 
recombinant factor VIIa (rFVIIa) may be of benefit in cases of 
difficult-to-control variceal bleeding (see ▶ Fig. 6.3).16–18

In addition to resuscitative measures, the prophylactic use of 
intravenous (IV) or oral antibiotics has been shown to reduce the 
mortality rate of patients with variceal bleeding. This recommen-
dation is based on studies showing a higher risk of bacterial infec-
tions in patients with cirrhosis who have upper GI bleeding.19 The 
most commonly used antibiotic regimens include an IV quino-
lone or ceftriaxone or oral norfloxacin for 7 days.20

Pharmacologic therapy should be initiated in patients with 
suspected variceal bleeding even before diagnostic or therapeutic 
endoscopy. Studies have shown that treatment with vasopres-
sin and nitroglycerin, terlipressin, somatostatin, or octreotide to 
reduce death associated with variceal hemorrhage (see ▶ Fig. 6.3). 
Pharmacologic treatment should be continued for at least 2 days 
after endoscopic intervention because studies have showed that 
the hepatic venous pressure gradient increases for 48 hours after 
band ligation and for more than 5 days after sclerotherapy of 
esophageal varices.7,21

Vasopressin is the most potent splanchnic vasoconstrictor, 
yet it is associated with a number of systemic side effects that 
limit its use in variceal hemorrhage. Coadministration of nitrates 
attenuates these side effects to some degree, but it does not ren-
der it as safe as the other available medications.22,23

Terlipressin is a synthetic analogue of vasopressin with a longer 
biologic activity and significantly fewer side effects. It has been 
widely used in Europe with studies showing its efficacy at con-
trolling variceal bleeding and lowering its associated mortality 
rate, but currently it is not approved by the U.S. Food and Drug 
Administration.23

Somatostatin and analogues such as octreotide and vapreotide 
reduce portal pressure via a local vasodilatory effect. Recent 
meta-analysis has shown a limited value of octreotide as a sin-
gle agent without endoscopic intervention. This could possibly be 
due to tachyphylaxis associated with its use.24

Secondary Prophylaxis
After an episode of variceal hemorrhage, close monitoring of 
hemodynamics for at least 24 hours is recommended. Shortly, 
after hemodynamic stability and with no further evidence 
of rebleeding, secondary prophylaxis should be initiated (see 
▶  Fig. 6.3). If secondary prophylaxis is not undertaken, the risk 
of rebleeding could be as high as 60% within 2 years. If nonse-
lective beta-blockers are used, then this risk may be reduced to 
less than 43%. Beta-blockers do not have to be used in patients 
who had surgical or radiologic portosystemic shunts. A combi-
nation of nonselective beta-blocker and a nitrate may be more 
efficient at reducing the risk of variceal bleeding, yet this regi-
men carries a higher rate of side effects, thereby limiting the 
practicality of its use. The combination of pharmaceutical and 

endoscopic treatment is most likely superior to either treatment 
alone in reducing the risk of variceal rebleeding with data show-
ing that this risk may be reduced to 14% to 23% with the combined  
treatment.11,25

Gastric Varices
Gastric varices are less prevalent than esophageal varices and are 
present in 5% to 33% of patients with PHT with a reported inci-
dence of bleeding of about 25% in 2 years, with a higher bleeding 
incidence for fundal varices (▶ Fig. 6.5; ▶ Fig. 6.6). The efficacy of 
pharmacologic treatment is not clear in cases of gastric variceal 
bleeding because of the limited number of studies. Vasoconstric-
tors and venodilators may be of little benefit in managing gastric 
variceal bleeding because of the difference in hemodynamics from 
esophageal variceal and the presence of large portosystemic shunts 
except for cases of gastroesophageal varices I (▶ Fig. 6.5a), which 
are typically treated as esophageal varices (see ▶ Fig. 6.3).24,26 The 
endoscopic and radiologic treatments of gastric variceal hemor-
rhage are discussed in separate chapters of this book.

Hepatic Encephalopathy
Hepatic encephalopathy or portosystemic encephalopathy is a 
syndrome of largely reversible impairment of the central nervous 
system occurring in patients with acute or chronic liver failure 
or in patients with major portosystemic shunts. This condition 

Fig. 6.5  Schematic diagram of Sarin’s classification of gastric varices. 
Type 1 gastroesophageal varices (GOV-1) are typically a continuation 
of esophageal varices onto the lesser curvature. The fundal varices are 
included in two groups. Type 2 gastroesophageal varices (GOV-2) occur 
when the esophageal and fundal varices are present in continuity over 
the cardia; these might include type 1 isolated gastric varices (IGV-1), 
which are usually isolated gastric fundal varices. Type 2 isolated gastric 
varices (IGV-2) are gastric varices at ectopic sites in the stomach outside 
the cardiofundal region or the first part of the duodenum.
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Fig. 6.6  Photographs of gastric varices. (a) Large (>3 cm) gastric varices (IGV-1) with no stigmata of bleeding. (b) A large IGV-1 with evidence of recent 
bleeding (blood in the stomach and a nipple or dimple sign). (c) The nipple sign area with active bleeding. (d) Mosaic (snake skin–like appearance) 
pattern of post–balloon retrograde transvenous obliteration (BRTO) findings of a GOV-2.

is associated with a wide spectrum of neurologic impairments 
ranging from subclinical disease to coma. The underlying cause 
of this disorder is a combination of impairment of liver function 
caused by hepatocellular disease and major portosystemic shunt-
ing, both of which result in large volumes of portal venous blood 
being poorly filtered through the liver or completely bypass-
ing the detoxifying effect of the liver directly into the systemic 
venous system; then these toxins (ammonia and toxic fatty acids) 
attain a direct access to the brain.27

A precipitating cause of (rather than worsening of) hepatocel-
lular function can be identified and successfully treated in more 
than 80% of cases of HE, and half of these cases are caused by an 
underlying infection such as urinary tract infection, pneumonia, 
or SBP. In addition to infectious causes, medication noncompli-
ance, constipation, renal failure, electrolyte imbalance, use of sed-
ative medications, and recent increased systemic stress caused by 
surgery or other illness may precipitate HE.28–30 ▶ Fig. 6.7 pro-
poses a pathway for management of a patient with HE.

In addition to targeting the precipitating factor, reducing sys-
temic ammonia and other toxins load has been widely used to 

improve brain function and resolve manifestations of HE. This could 
be achieved via either reducing ammonia production in the GI tract 
or facilitating its elimination. Synthetic disaccharides (lactulose and 
lactitol) have shown to be more effective than placebo in resolv-
ing HE, but this may not significantly affect patients’ mortality 
rate. Colonic bacteria digest these disaccharides with production of 
short chain fatty acids that lower the colonic pH and lead to conver-
sion of NH3 to nonabsorbable NH4. Furthermore, the cathartic effect 
of these medications increases fecal nitrogen excretion by up to 
fourfold. The therapeutic target of these medications is to achieve 
two or three soft bowel movements per day (see ▶ Fig. 6.7).31–33

Lowering arterial ammonia levels can be achieved via altering the 
GI microflora, favoring less ammonia-producing bacteria. This has 
been achieved by the use of various oral antibiotics, including neo-
mycin, rifaximin, metronidazole, paromomycin, and vancomycin. 
Nowadays, neomycin is less commonly used in practice because of 
its nephrotoxic and ototoxic side effects in addition to the availabil-
ity of effective and less toxic alternatives. Rifaximin is increasingly 
being used and has a good safety profile with a very low rate of intes-
tinal absorption. Studies have shown treatment with rifaximin to be 
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Fig. 6.7  Algorithm for management of hepatic encephalopathy. BRTO: 
balloon-retrograde transvenous obliteration.

associated with a higher response rate, faster effect, and fewer side 
effects than lactulose. It has also been shown to improve patients’ 
quality of life, reduce the recurrence rate of overt HE, reduce the 
length of hospitalization and health care costs, and improve psy-
chomotor abnormalities of minimal HE (see ▶ Fig. 6.7).31,32

Alteration of GI microflora via oral administration of probiotics, 
prebiotics, or synbiotics has been shown to improve the manifesta-
tions of HE. These supplementations may lead to predominance of 
nonproteolytic non–urease-producing bacteria, thereby reducing 
the ammonia load delivered into the systemic venous system.31,32

Major spontaneous portosystemic shunts should be sus-
pected in cases of refractory HE. Several reports have shown that 
occluding these shunts by surgical or radiologic approaches may 
improve HE (see ▶ Fig. 6.7).34 The details of balloon-occluded ret-
rograde transvenous obliteration of portosystemic shunts are dis-
cussed in detail in separate chapters.

Protein restriction has been shown to aggravate HE via induc-
ing proteolysis with resultant production of urea and ammonia 
in addition to increased muscle wasting. In addition, data have 
shown that muscles contribute to the ammonia metabolism by 
converting it into glutamine. Thus, a balanced protein diet should 
be recommended to patients with cirrhosis and HE.35

Liver transplantation is the ultimate treatment for HE. Studies 
have shown that cognitive function significantly improves after 
liver transplantation, yet some degree of irreversible brain dam-
age can persist. After each episode of overt HE, residual brain 
damage could be detected by specialized neurocognitive tests 
and magnetic resonance imaging. The severity of this irreversible 

neurocognitive impairment (or chronic HE) has been shown to 
correlate with the number of episodes of overt HE.36,37

Post-TIPS Hepatic Encephalopathy
Transjugular intrahepatic portosystemic shunts (TIPS) allows 
portal vein blood flow to pass the liver without detoxification, 
which can result in HE, termed post-TIPS HE. This form of HE has 
a higher incidence in the first 30-days after TIPS. The manage-
ment of this type of HE is similar to other causes of HE, in addition 
the consideration of TIPS reduction or closure in refractory cases. 
The details of the pathogenesis and treatment options are further 
discussed in the section of complications of TIPS.

Ascites
Ascites is the third most common complication of cirrhosis after 
variceal bleeding and HE. The development of ascites is indicative 
of decompensated liver function and is associated with a poor 
prognosis (▶ Fig. 6.8).38,39

Treatment of ascites caused by PHT is mainly based on sodium 
restriction to less than 2000 mg/day and the use of oral diuret-
ics. In ▶ Fig. 6.9, we propose a pathway for the management of 
ascites. Sodium restriction is of more importance than fluid 
restriction. Thorough nutritional education is required to ensure 
that the patient understands how to determine his or her daily 
sodium intake. The goal of using diuretics is to increase urinary 
excretion of sodium to more than 78 mmol/day. A random “spot” 
urine sodium concentration greater than the potassium concen-
tration correlates with a 24-hour sodium excretion greater than 
78 mmol/day with approximately 90% accuracy.38,40–42

The diuretic regimen recommended to treat ascites consists of 
a combination of furosemide and spironolactone. These medica-
tions are started at daily doses of 40 mg and 100 mg, respectively. 
The combination of both drugs is more efficacious and results 
in fewer side effects than either drug alone (see ▶ Fig. 6.9). The 
doses can be increased simultaneously every 3 to 5 days (main-
taining the 40 mg:100 mg ratio) to reach a maximum daily dose 
of 160 mg of furosemide and 400 mg of spironolactone.16,17 Ami-
loride or eplerenone can be substituted for spironolactone in 
patients with tender gynecomastia. Triamterene, metolazone, 
and hydrochlorothiazide have also been used to treat ascites.39,41

Chronic hyponatremia is not uncommon in patients with cir-
rhosis particularly with chronic diuretic use, and it may reflect 
worsening liver disease. In most cases, hyponatremia does not 
result in significant symptoms except when it develops or wors-
ens acutely or when the sodium level drops below 110 mmol/L. 
Severe hyponatremia (with sodium level below 120 mmol/L) 
should be treated with fluid restriction and adjustment of diuretic 
doses. Aquaretic agents such as tolvaptan and conivaptan have 
been shown to improve hyponatremia in cirrhosis. Because of the 
high expense of these medications, they should be reserved for 
patients with severe and refractory hyponatremia.43

Dietary sodium restriction and a dual diuretic regimen with 
spironolactone and furosemide have been shown to be effective 
in more than 90% of patients in achieving a reduction in the 
volume of ascites to acceptable levels.44

With failure of these measures to control the fluid status or 
when the use of diuretics is restricted (e.g., patients with renal 
dysfunction or severe hyponatremia), more invasive treatment 
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Fig. 6.8  Illustration of ascites caused by cirrhosis and portal hypertension.

Fig. 6.9  Algorithm for management of ascites. TIPS: transjugular 
intrahepatic portosystemic shunt.

options should be considered. The second line of treatment is 
large-volume paracentesis followed by TIPS.40,41

Large-Volume Paracentesis
Large-volume paracentesis is a relatively safe outpatient proce-
dure that results in rapid relief of tense ascites and its related 
symptoms. Because of the rapid volume shifts with draining more 
than 5 L of ascitic fluid, 6 to 10 g of IV albumin is recommended 
for each liter of drained fluid. Serial paracenteses deplete pro-
teins and predispose to infection; thus, this procedure should be 
reserved for patients with diuretic-resistant ascites.40,41,45

Transjugular Intrahepatic  
Portosystemic Shunt
Transjugular intrahepatic portosystemic shunt is a side-to-side 
portosystemic shunt that is placed by interventional radiology. 
This procedure has been shown to reduce the hepatic venous 
pressure gradient, thereby reducing ascitic fluid accumulation. 
Studies have shown the efficacy of TIPS in controlling ascites, yet 
this procedure is invasive and carries a risk for various complica-
tions, including worsening or de novo development of HE, decom-
pensation of heart failure, acute-on-chronic liver failure, and even 
death. The indications and possible complications of this proce-
dure are explained in detail in other chapters.

Hepatic Hydrothorax
In patients with PHT, fluid accumulation in the pleural space with 
or without the presence of ascites is termed HH. This condition is 
seen in 5% to 12% of patients with cirrhosis, and it can be associated 
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with significant respiratory distress.46 In 59% of cases, the pleural 
effusion is right sided; in 17%, it is left sided; and it is bilateral 
in the remaining 24%, as determined by computed tomography.47

The pathogenesis of HH is related to PHT and ascites. Although 
the majority of these patients have concomitant ascites, a small 
percentage may have no detected ascites.48 It is widely accepted 
that ascitic fluid leaks from the peritoneal cavity into the pleu-
ral space through diaphragmatic defects and is also driven by the 
negative thoracic pressure during inhalation.48,49

Hepatic hydrothorax can be associated with significant symp-
toms, including dyspnea, hypoxia, nonproductive cough, and 
chest pain.48 Furthermore, similar to ascitic fluid, HH is at risk for 
spontaneous bacterial pleuritis or empyema, which may carry a 
mortality rate of up to 38%.50

Hepatic hydrothorax diagnosis is based on a high clinical suspi-
cion with exclusion of intrathoracic malignancy and cardiopulmo-
nary etiologies in addition to pleural fluid analysis, which is consis-
tent with transudative process.47,48 In a study by Gurung et al,47 the 
authors reported that the serum albumin pleural fluid to albumin 
gradient was 1.5 (standard deviation, 0.41). Rarely, the diagnosis 
requires confirmation by injecting radiolabeled albumin into the 
peritoneal space to document its migration into the pleural cavity.47,48

Management of HH is mainly based on sodium restriction and 
the use of diuretics as recommended for treatment of ascites. When 
these measures fail, therapeutic thoracentesis can be performed 
on an as-needed basis. This treatment option provides rapid relief 
of symptoms, yet it carries a risk of infection, pulmonary edema, 
bleeding, nutritional and electrolyte disturbances, and a resultant 
decrease in quality of life. Thus, when thoracentesis is required 
frequently, other treatment options should be considered.48 These 
options include TIPS, pleurodesis, and surgical repair of diaphrag-
matic defects. In appropriate settings, TIPS can result in improve-
ment or resolution of symptoms in more than 75% of patients.51

Liver Transplantation
Development of ascites is a complication of end-stage liver dis-
ease that indicates poor survival outcome; hence, the severity of 
ascites is a component of Child-Pugh classification. Liver trans-
plantation is the ultimate treatment of liver failure and thereby a 
significant therapeutic modality for ascites and HH.

Spontaneous Bacterial Peritonitis
Ascitic fluid is at risk for infection, or SBP, which is a major cause of 
morbidity and mortality in the cirrhotic population. The diagnosis 
is based on detecting the causative bacteria in the ascitic fluid or 
elevated ascitic fluid neutrophilic count above 250 cells/mL in the 
absence of a surgical cause of peritonitis. The most common bacte-
rial pathogens detected in SBP are Escherichia coli, Klebsiella pneu-
moniae, and pneumococci. In recent years, the widespread use of 
quinolones in SBP prophylaxis has led to more SBP cases caused by 
gram-positive pathogens and quinolone-resistant bacteria.52

The diagnosis of SBP cannot be based on clinical suspicion with-
out performing diagnostic paracentesis. After the diagnosis of SBP 
is established, the treatment should be started emergently given 
the high morbidity and mortality rates of untreated patients. A 
broad-spectrum antibiotic is recommended, and the drug of 
choice can be changed based on results of bacterial culture. In 

a small percentage of patients with SBP, early paracentesis may 
not show an elevated neutrophil count; thus, with a high clinical 
suspicion, empiric antibiotic treatment should be initiated pend-
ing bacterial cultures. A 5- to 10-day course of IV cefotaxime, or 
another third-generation cephalosporin may be used as first-line 
treatment. Ceftriaxone is widely used for the treatment of SBP, 
although it may have a lower bioavailability in the ascitic fluid 
than cefotaxime. In properly selected patients, an oral course of 
ofloxacin may be safe and effective in treating SBP. IV albumin 
has been shown to decrease the mortality rate of patients with 
SBP. The recommended dosage is 1.5 g/kg of body weight on day 
1 followed by 1.0 g/kg of body weight on day 3.41,53

Spontaneous bacterial peritonitis should be distinguished 
from peritonitis caused by bowel perforation or intraabdominal 
infection such as an abscess (secondary bacterial peritonitis). The 
treatment of secondary bacterial peritonitis is different and fre-
quently requires early surgical or radiologic intervention. In con-
trast to SBP, the ascitic fluid analysis in secondary bacterial peri-
tonitis exhibits a very high neutrophilic count, low serum-ascites 
albumin gradient, elevated protein and lactate dehydrogenase, 
low glucose levels, and polymicrobial culture.54

Patients with a history of SBP are at risk for recurrent episodes 
of SBP. In addition, patients with ascitic fluid protein level of less 
than 1 g/dL and those with recent variceal bleeding are at risk of 
developing SBP. Studies have shown that antibiotic prophylaxis 
prevents the development of SBP in these patient groups. The 
recommended antibiotic regimens are 400 mg/day of norfloxacin, 
400 mg/day of ofloxacin, 750 mg once a week of ciprofloxacin, 
or 5 doses of double-strength trimethoprim–sulfamethoxazole 
per week. It is important to mention that antibiotic prophylaxis 
has been shown to result in a shift in the microorganism, causing 
SBP from predominantly gram-negative bacteria to gram-positive 
bacteria.53,55

Hepatorenal Syndrome
The diagnosis of hepatorenal syndrome (HRS) is based on devel-
opment of functional renal failure in the setting of cirrhosis and 
ascites. Other causes or renal failure, such as intravascular volume 
depletion, diuretic use, drug-induced renal dysfunction, shock, or 
intrinsic renal disease, should be excluded. Intravascular volume 
depletion is excluded after withholding diuretics, nephrotoxic 
drugs, and volume expansion with 1 g/kg up to a maximum of 
100 g of IV albumin (▶ Table 6.2).56

Two types of HRS have been described, a rapidly progressive 
type I in which patients double their serum creatinine in less than 
2 weeks and the less progressive type II in which the renal func-
tion slowly deteriorates over a prolonged period of time.57

Triple therapy with albumin, midodrine, and octreotide is the 
currently recommended treatment for HRS. This has been shown 
to reduce the mortality rate of patients with HRS. Other agents 
tried in treatment of HRS include dopamine, norepinephrine, and 
terlipressin. TIPS with and without terlipressin has been shown to 
improve renal function in patients with HRS type I.41,58,59

Renal replacement therapy is frequently used to control azote-
mia as a bridge to liver transplantation. With a prolonged course 
of renal failure because of HRS, the kidney may lose some of 
the potential to recover. Without liver transplantation, patients 
requiring renal replacement therapy caused by HRS have a low 
chance of survival.56,57
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Portopulmonary Hypertension
Portopulmonary hypertension (PoPH) refers to pulmonary arte-
rial hypertension in the setting of PHT with the exclusion of other 
etiologies of pulmonary hypertension. This is an uncommon 
complication of PHT with or without cirrhosis.61 It affects 2% to 5% 
of patients with cirrhosis and up to 12% of those being evaluated 
for liver transplantation,62 and it carries a high mortality rate of 
around 60% in 5 years.63,64

The exact mechanism that leads to the development of PoPH has 
not yet been well elucidated. Several factors, including vasoactive 
mediators (endothelin-1, prostacyclin, and thromboxane), inflam-
matory processes, and shear stress, have been proposed in the 
pathogenesis of PoPH.65,66 In the initial phase, these mechanisms lead 
to pulmonary arterial vasospasm with resultant increased resis-
tance and pressure. Subsequently, this vasospasm leads to smooth 
muscle hyperplasia and hypertrophy, microthrombosis, necrotizing 
vasculitis, and concentric intimal fibrosis. The second phase of the 
disease carries a significant component of irreversibility.67

Most cases of PoPH are subclinical, and the symptomatic cases 
are associated with dyspnea, orthopnea, fatigue, syncope, chest 
pain, and heart failure. On physical examination, no specific phys-
ical findings are present. Patients may have hypoxia and findings 
of right heart strain or failure. Thus, the diagnosis requires a high 
index of suspicion in the correct clinical settings. In the liver 
transplant settings, patients are screened for pulmonary hyper-
tension with echocardiography. If the right ventricular systolic 
pressure is greater than 50 mm Hg, a right heart catheterization 
is recommended.66,67

The criteria for the diagnosis include a mean pulmonary arte-
rial pressure exceeding 25 mm Hg at right heart catheteriza-
tion with increased pulmonary vascular resistance to above 
240  dynes.s.cm-5, normal cardiac output and pulmonary artery 
opening pressure, and a pulmonary capillary wedge pressure less 
than 15 mm Hg. With pressure exceeding 35 mm Hg, the PoPH is 
considered to be of moderate severity, and when the pressure is 
over 45 mm Hg, the condition is classified as severe.63,64

Medical treatment of PoPH is based on reducing the pulmonary 
artery resistance. Various drug groups have been used for this 
purpose, including prostanoids, endothelin receptor antagonists, 
phosphodiesterase-5 inhibitors, and nitric oxide.66

Prostanoids (epoprostol, treprostinil, and iloprost) are potent 
inhibitors of vascular tone. Epoprostol is the most commonly used 
drug of this group. It is mainly given as a continuous IV infusion.68

Endothelin receptor inhibitors reduce vascular resistance via 
elevation of intracellular calcium levels. This group includes 
bosentan, ambrisentan, atrasentan, and sitaxsentan. Bosentan 

has been rarely used in treatment of PoPH because of its asso-
ciated risk of hepatotoxicity. In a small study, ambrisentan was 
shown to be effective and safe in the treatment of PoPH.69

Phosphodiesterase-5 inhibitors such as sildenafil, vardenafil, 
and tadalafil reduce pulmonary pressure by preventing the 
breakdown of cyclic guanosine monophosphate, the mediator of 
nitric oxide. Sildenafil is well tolerated and has been shown to be 
effective in the treatment of PoPH.68

Inhaled nitric oxide is a very effective yet very expensive pul-
monary vasodilator that can be effective in treatment of intubated 
patients with PoPH.68

Medical treatment of PoPH has been shown to improve survival 
(up to 45% at 5 years compared with 14% in an untreated group) 
and is an effective bridge to liver transplantation, which may be a 
more effective treatment for this condition.70 With severe PoPH, 
the surgical mortality rate of liver transplantation is extremely 
high; thus, a pulmonary arterial pressure of more than 50 mm Hg 
is a contraindication for liver transplantation.71

Conclusion
Complications of PHT with or without end-stage liver disease and 
cirrhosis are associated with significant morbidity and mortality. 
The management of these complications needs to be tailored to 
the individual patient and usually requires a multidisciplinary 
approach. The knowledge of these complications and their med-
ical management and potential options is imperative for success-
ful outcomes as discussed in this chapter.

Clinical Pearls
•	 Esophageal and gastric varices are common among patients 

with liver cirrhosis and PHT.
•	 The risk of variceal hemorrhage correlates with Child-Pugh 

classification and platelet counts below 100,000/mL.
•	 Management of patients with of PHT includes screening,  

primary prevention, acute intervention, and secondary  
prevention of complications.

References
	 1.	 Thalheimer U, Bellis L, Puoti C, Burroughs AK. Should we routinely measure por-

tal pressure in patients with cirrhosis, using hepatic venous pressure gradient 
(HVPG) as a guide for prophylaxis and therapy of bleeding and rebleeding? Eur 
J Intern Med 2011;22:5–7.

	 2.	 Pinzani M, Rosselli M, Zuckermann M. Liver cirrhosis. Best Pract Res Clin Gastro-
enterol 2011;25:281–290.

Table 6.2  Criteria for the Diagnosis of Hepatorenal Syndrome

Cirrhosis with ascites

Serum creatinine > 1.5 mg/dL

No improvement of serum creatinine (decrease to a level of ≤ 1.5 mg/dL) after at least 2 days with diuretic withdrawal and volume expansion with 
albumin

Absence of shock

No current or recent treatment with nephrotoxic drugs

Absence of parenchymal kidney disease

Adapted from Salerno F, Gerbes A, Ginès P, et al. Diagnosis, prevention and treatment of hepatorenal syndrome in cirrhosis. Gut 2007;56:1310–1318.60

IRBK003-CH06_p051-063.indd   61 5/27/17   6:14 PM



Section II: Medical, Endoscopic, Percutaneous,  and Surgical Management

62

	 3.	 Martell M, Coll M, Ezkurdia N, et al. Physiopathology of splanchnic vasodilation 
in portal hypertension. World J Hepatol 2010;2:208–220.

	 4.	 Rahimi RS, Rockey DC. Complications and outcomes in chronic liver disease. 
Curr Opin Gastroenterol 2011;27:204–209.

	 5.	 Groszmann RJ, Garcia-Tsao G, Bosch J, et al. Beta-blockers to prevent gastroeso
phageal varices in patients with cirrhosis. N Engl J Med 2005;353:2254–2261.

	 6.	 El-Serag HB, Everhart JE. Improved survival after variceal hemorrhage over an 
11-year period in the Department of Veterans Affairs. Am J Gastroenterol 2000; 
95:3566–3573.

	 7.	 Garcia-Tsao G, Bosch J. Management of varices and variceal hemorrhage in 
cirrhosis. N Engl J Med 2010;362:823–832.

	 8.	 Garcia-Tsao G, Sanyal AJ, Grace ND, et al. Prevention and management of 
gastroesophageal varices and variceal hemorrhage in cirrhosis. Hepatology 
2007;46:922–938.

	 9.	 North Italian Endoscopic Club for the Study and Treatment of Esophageal 
Varices. Prediction of the first variceal hemorrhage in patients with cirrhosis of 
the liver and esophageal varices. A prospective multicenter study. N Engl J Med 
1988;319:983–989.

	10.	 Garcia-Pagan JC, Feu F, Bosch J, Rodés J. Propranolol compared with propranolol 
plus isosorbide-5-mononitrate for portal hypertension in cirrhosis. A random-
ized controlled study. Ann Intern Med 1991;114:869–873.

	11.	 Villanueva C, Balanzo J. Variceal bleeding: pharmacological treatment and pro-
phylactic strategies. Drugs 2008;68:2303–2324.

	12.	 Minano C, Garcia-Tsao G. Clinical pharmacology of portal hypertension. Gastro-
enterol Clin North Am 2010;39:681–695.

	13.	 Abraczinskas DR, Ookubo R, Grace ND, et al. Propranolol for the prevention of 
first esophageal variceal hemorrhage: a lifetime commitment? Hepatology 2001; 
34:1096–1102.

	14.	 Zhang C, Thabut D, Kamath PS, Shah VH. Oesophageal varices in cirrhotic 
patients: from variceal screening to primary prophylaxis of the first oesopha-
geal variceal bleeding. Liver Int 2011;31:108–119.

	15.	 Chalasani N, Kahi C, Francois F, et al. Improved patient survival after acute 
variceal bleeding: a multicenter, cohort study. Am J Gastroenterol 2003;98: 
653–659.

	16.	 Cardenas A. Management of acute variceal bleeding: emphasis on endoscopic 
therapy. Clin Liver Dis 2010;14:251–262.

	17.	 Kravetz D, Sikuler E, Groszmann RJ. Splanchnic and systemic hemodynamics 
in portal hypertensive rats during hemorrhage and blood volume restitution. 
Gastroenterology 1986;90:1232–1240.

	18.	 Sass DA, Chopra KB. Portal hypertension and variceal hemorrhage. Med Clin 
North Am 2009;93:837–853, vii–viii.

	19.	 Pauwels A, Mostefa-Kara N, Debenes B, et al. Systemic antibiotic prophylaxis 
after gastrointestinal hemorrhage in cirrhotic patients with a high risk of infec-
tion. Hepatology 1996;24:802–806.

	20.	 Fernandez J, Ruiz del Arbol L, Gómez C, et al. Norfloxacin vs ceftriaxone in the 
prophylaxis of infections in patients with advanced cirrhosis and hemorrhage. 
Gastroenterology 2006;131:1049–1056.

	21.	 Avgerinos A, Armonis A, Stefanidis G, et al. Sustained rise of portal pressure 
after sclerotherapy, but not band ligation, in acute variceal bleeding in cirrhosis. 
Hepatology 2004;39:1623–1630.

	22.	 Kalambokis G, Tsiouris S, Tsianos EV, et al. Effects of terlipressin and soma-
tostatin on liver and thorax blood volumes in patients with cirrhosis. Liver Int 
2010;30:1371–1378.

	23.	 Dell’Era A, de Franchis R, Iannuzzi F. Acute variceal bleeding: pharmacological 
treatment and primary/secondary prophylaxis. Best Pract Res Clin Gastroen-
terol 2008;22:279–294.

	24.	 Thabut D, Bernard-Chabert B. Management of acute bleeding from portal 
hypertension. Best Pract Res Clin Gastroenterol 2007;21:19–29.

	25.	 Gonzalez R, Zamora J, Gomez-Camarero J, et al. Meta-analysis: combination 
endoscopic and drug therapy to prevent variceal rebleeding in cirrhosis. Ann 
Intern Med 2008;49:109–122.

	26.	 Hashizume M, Akahoshi T, Tomikawa M. Management of gastric varices. J Gas-
troenterol Hepatol 2011;26Suppl 1:102–108.

	27.	 Prakash R, Mullen KD. Mechanisms, diagnosis and management of hepatic 
encephalopathy. Nat Rev Gastroenterol Hepatol 2010;7:515–525.

	28.	 Bass NM, Mullen KD, Sanyal A, et al. Rifaximin treatment in hepatic encephal
opathy. N Engl J Med 2010;362:1071–1081.

	29.	 Sharma P, Agrawal A, Sharma BC, Sarin SK. Prophylaxis of hepatic encephalopa-
thy in acute variceal bleed: a randomized controlled trial of lactulose versus no 
lactulose. J Gastroenterol Hepatol 2011;26:996–1003.

	30.	 Shawcross D, Jalan R. Dispelling myths in the treatment of hepatic encephalop-
athy. Lancet 2005;365:431–433.

	31.	 Bismuth M, Funakoshi N, Cadranel JF, Blanc P. Hepatic encephalopathy: from 
pathophysiology to therapeutic management. Eur J Gastroenterol Hepatol 
2011;23:8–22.

	32.	 Mullen KD. The treatment of patients with hepatic encephalopathy: review of 
the latest data from EASL 2010. Gastroenterol Hepatol (NY) 2010;6:1–16.

	33.	 Mortensen PB. The effect of oral-administered lactulose on colonic nitrogen 
metabolism and excretion. Hepatology 1992;16:1350–1356.

	34.	 Kato T, Uematsu T, Nishigaki Y, et al. Therapeutic effect of balloon-occluded 
retrograde transvenous obliteration on portal-systemic encephalopathy in 
patients with liver cirrhosis. Intern Med 2001;40:688–691.

	35.	 Córdoba J, López-Hellín J, Planas M, et al. Normal protein diet for episodic hepatic 
encephalopathy: results of a randomized study. J Hepatol 2004;41:38–43.

	36.	 Riggio O, Ridola L, Pasquale C, et al. Evidence of persistent cognitive impairment 
after resolution of overt hepatic encephalopathy. Clin Gastroenterol Hepatol 
2011;9:181–183.

	37.	 Garcia-Martinez R, Rovira A, Alonso J, et al. Hepatic encephalopathy is associ-
ated with post-transplant cognitive function and brain volume. Liver Transpl 
2011;17:38–46.

	38.	 Sandhu BS, Sanyal AJ. Management of ascites in cirrhosis. Clin Liver Dis 2005; 
9:715–732.

	39.	 Salerno F, Guevara M, Bernardi M, et al. Refractory ascites: Pathogenesis, defi-
nition and therapy of a severe complication in patients with cirrhosis. Liver Int 
2010;30:937–947.

	40.	 Ginès P, Cárdenas A, Arroyo V, Rodés J. Management of cirrhosis and ascites. 
N Engl J Med 2004;350:1646–1654.

	41.	 Runyon BA. AASLD Practice Guidelines Committee: management of adult patients 
with ascites due to cirrhosis: an update. Hepatology 2009;49:2087–2107.

	42.	 El-Bokl MA, Senousy BE, El-Karmouty KZ, et al. Spot urinary sodium for 
assessing dietary sodium restriction in cirrhotic ascites. World J Gastroenterol 
2009;15:3631–3635.

	43.	 Arroyo V, Colmenero J. Ascites and hepatorenal syndrome in cirrhosis: patho-
physiological basis of therapy and current management. J Hepatol 2003;38: 
S69–S89.

	44.	 Stanley MM, Ochi S, Lee KK, et al. Peritoneovenous shunting as compared with 
medical treatment in patients with alcoholic cirrhosis and massive ascites. Vet-
erans Administration Cooperative Study on Treatment of Alcoholic Cirrhosis 
with Ascites. N Engl J Med 1989;321:1632–1638.

	45.	 Hou W, Sanyal AJ. Ascites: diagnosis and management. Med Clin North Am 
2009;93:801–817.

	46.	 Alberts WM, Salem AJ, Solomon DA, Boyce G. Hepatic hydrothorax: cause and 
management. Arch Intern Med 1991;151:2383–2388.

	47.	 Gurung P, Goldblatt M, Huggins JT, et al. Pleural fluid analysis and radiographic, 
sonographic, and echocardiographic characteristics of hepatic hydrothorax. 
Chest 2011;140:448–453.

	48.	 Roussos A, Philippou N, Mantzaris GJ, Gourgouliannis KI. Hepatic hydrothorax: 
pathophysiology diagnosis and management. J Gastroenterol Hepatol 2007;22: 
1388–1393.

	49.	 Emerson PA, Davies JH. Hydrothorax complicating ascites. Lancet 1955;268: 
487–488.

	50.	 Chen CH, Ho-Chang, Liu HC, et al. Outcome predictors of cirrhotic patients with 
spontaneous bacterial empyema. Liver Int 2011;31:417–424.

	51.	 Dhanasekaran R, West JK, Gonzales PC, et al. Transjugular intrahepatic portosys-
temic shunt for symptomatic refractory hepatic hydrothorax in patients with 
cirrhosis. Am J Gastroenterol 2010;105:635–641.

	52.	 Bernardi M. Spontaneous bacterial peritonitis: from pathophysiology to pre-
vention. Intern Emerg Med 2010;5:S37–S44.

	53.	 Koulaouzidis A, Bhat S, Saeed AA. Spontaneous bacterial peritonitis. World J 
Gastroenterol 2009;15:1042–1049.

	54.	 Akriviadis EA, Runyon BA. Utility of an algorithm in differentiating spontaneous 
from secondary bacterial peritonitis. Gastroenterology 1990;98:127–133.

	55.	 Saab S, Hernandez JC, Chi AC, Tong MJ. Oral antibiotic prophylaxis reduces spon-
taneous bacterial peritonitis occurrence and improves short-term survival in 
cirrhosis: a meta-analysis. Am J Gastroenterol 2009;104:993–1001.

	56.	 Testino G, Ferro C. Hepatorenal syndrome: a review. Hepatogastroenterology 
2010;57:1279–1284.

	57.	 Munoz SJ. The hepatorenal syndrome. Med Clin North Am 2008;92:813–837.
	58.	 Angeli P, Volpin R, Gerunda G, et al. Reversal of type 1 hepatorenal syndrome 

with the administration of midodrine and octreotide. Hepatology 1999;29: 
1690–1697.

	59.	 Esrailian E, Pantangco ER, Kyulo NL, et al. Octreotide/midodrine therapy sig-
nificantly improves renal function and 30-day survival in patients with type 1 
hepatorenal syndrome. Dig Dis Sci 2007;52:742–748.

	60.	 Salerno F, Gerbes A, Ginès P, et al. Diagnosis, prevention and treatment of hepa-
torenal syndrome in cirrhosis. Gut 2007;56:1310–1318.

	61.	 Hopps E, Valenti A, Caimi G. Portopulmonary hypertension. Clin Invest Med 
2011;34: E111–E118.

	62.	 Kochar R, Nevah Rubin MI, Fallon MB. Pulmonary complications of cirrhosis. 
Curr Gastroenterol Rep 2011;13:34–39.

IRBK003-CH06_p051-063.indd   62 5/27/17   6:14 PM



Chapter 6:  Medical Management of Portal Hypertension Complications

63

	63.	 Krowka MJ, Mandell MS, Ramsay MA, et al. Hepatopulmonary syndrome and 
portopulmonary hypertension: a report of the multicenter liver transplant 
database. Liver Transpl 2004;10:174–182.

	64.	 Krowka MJ, Miller DP, Barst RJ, et al. Portopulmonary hypertension: a report 
from the US-based REVEAL registry. Chest, 2012;141:906–915.

	65.	 Tsiakalos A, Hatzis G, Moyssakis I, et al. Portopulmonary hypertension and 
serum endothelin levels in hospitalized patients with cirrhosis. Hepatobiliary 
Pancreat Dis Int 2011;10:393–398.

	66.	 Ramsay M. Portopulmonary hypertension and right heart failure in patients 
with cirrhosis. Curr Opin Anaesthesiol 2010;23:145–150.

	67.	 Mukhtar NA, Fix OK. Portopulmonary hypertension. J Clin Gastroenterol 2011; 
45:703–710.

	68.	 Sussman NL, Kochar R, Fallon MB. Pulmonary complications in cirrhosis. Curr 
Opin Organ Transplant 2011;16:281–288.

	69.	 Cartin-Ceba R, Swanson K, Iyer V, et al. Safety and efficacy of ambrisentan for the 
treatment of portopulmonary hypertension. Chest 2011;139:109–114.

	70.	 Swanson KL, Wiesner RH, Nyberg SL, et al. Survival in portopulmonary hyper-
tension: Mayo Clinic experience categorized by treatment subgroups. Am J 
Transplant 2008;8:2445–2453.

	71.	 Umeda N, Kamath PS. Hepatopulmonary syndrome and portopulmonary 
hypertension. Hepatol Res 2009;39:1020–1022.

	72.	 Molina E, Reddy KR. Noncirrhotic portal hypertension. Clin Liver Dis 2001;5: 
769–787.

IRBK003-CH06_p051-063.indd   63 5/27/17   6:14 PM



Section II: Medical, Endoscopic, Percutaneous, and Surgical Management

64

Chapter 7:  Endoscopic Classification and  
Management of Varices
David M. Arner and Abdullah M.S. Al-Osaimi

Introduction
Gastrointestinal (GI) varices represent a serious complication of 
portal hypertension (PHT) and can lead to life-threatening hem-
orrhage. Although there are many possible causes of noncirrhotic 
PHT  (▶ Table 7.1), the most common cause is cirrhosis. Liver 
remodeling with fibrosis and regenerative nodule formation in 
cirrhosis increases venous resistance and portal pressure. Intra-
hepatic vasoconstriction secondary to decreased nitric oxide, and 
increased endothelin-1 further increases portal pressure.1 Porto-
systemic collaterals can form in several anatomic areas along the GI 
tract. PHT is defined as hepatic venous pressure gradient (HVPG) 
greater than 5 mm Hg. The HVPG is calculated as the wedged 
hepatic venous pressure minus the free hepatic vein pressure. Vari-
ces do not occur until the HVPG rises above 10 mm Hg, and variceal 
hemorrhage can occur if HVPG is greater than 12 mm Hg.2,3

Esophageal varices (EVs) and gastric varices (GVs) are the 
most common PHT-induced GI varices because they provide 
the largest portosystemic collateral flow via the short and left 
gastric veins; however, ectopic varices are becoming increas-
ingly recognized on endoscopic and radiologic evaluation (▶ 
Fig. 7.1). A variety of treatment options are used for PHT-in-
duced GI varices depending on their location, the acuity of 
the situation (i.e., bleeding vs. nonbleeding varices), and the 
patient’s underlying vascular anatomy. Such options include 
pharmacologic therapy with vasoactive drugs; endoscopic 
management with band ligation; sclerotherapy; glue injection; 
stenting; balloon tamponade (BT); or interventional radiologic 
management with balloon-occluded retrograde transvenous 
obliteration (BRTO), transjugular intrahepatic portosystemic 
shunt (TIPS), or venous embolization. With the increased 
effectiveness and availability of endoscopic and interventional 
radiologic treatment methods, surgical portosystemic shunt 

operations are less commonly used but still may play a role in 
select situations. This chapter reviews endoscopic management 
of PHT-induced varices.

Esophageal Varices
Esophageal varices exist in approximately 45% of individuals 
with cirrhosis and correlate with the severity of liver disease  
(▶ Fig. 7.2). Child class A patients with cirrhosis have a nearly 40% 
likelihood of having EVs on routine screening upper endoscopy, 
whereas Child class C patients with cirrhosis have an approx-
imately 80% probability.4 Varices enlarge at a rate of 4% to 10% 
annually. Large varices are more likely to rupture, and the 2-year 
probability of first bleed ranges from 7% among small varices up 
to 30% with large varices.5,6 Up to 50% of variceal bleeding epi-
sodes stop spontaneously. Variceal hemorrhage carries a 6-week 
mortality rate of 20%, and up to 70% of untreated individuals die 
within 1 year of their initial hemorrhage. Predictors of hemor-
rhage include large varices, red marks (red wale sign or cherry red 
spots) (▶ Fig. 7.2d), alcoholic cirrhosis, and decompensated Child 
class B or C cirrhosis.

Screening
Evaluation of EVs has traditionally been performed by esophago-
gastroduodenoscopy (EGD) (see ▶ Fig. 6.2). Alternative screening 
modalities have been evaluated, including computed tomogra-
phy (CT), esophageal capsule endoscopy (ECE), and ultrathin 
endoscopy. In a prospective study comparing CT with endos-
copy, CT had 90% sensitivity but only 50% specificity for identi-
fying large EVs. The sensitivity of detecting GVs by CT was 87% 
compared with EGD.7 A multicenter study of 120 patients with 

Table 7.1  Causes of Noncirrhotic Portal Hypertension

Intrahepatic Presinusoidal PHT Sinusoidal PHT Extrahepatic Postsinusoidal PHT

Hepatic schistosomiasis Cirrhosis Budd-Chiari syndrome

Congenital hepatic fibrosis Noncirrhotic alcoholic liver disease Right heart failure 

Noncirrhotic portal fibrosis Infiltrative disorders:
• Amyloidosis
• Systemic mastocytosis
• Malignancy
• Myeloproliferative disorder

Constrictive pericarditis 

Nodular regenerative hyperplasia Suprahepatic IVC thrombosis

Primary biliary cirrhosis, sclerosing cholangitis Pulmonary hypertension

Tricuspid valve regurgitation

Extrahepatic Presinusoidal PHN

Portal vein thrombosis Intrahepatic Postsinusoidal PHN

Superior mesenteric vein thrombosis Peliosis hepatis Veno-occlusive disease

Splenic vein thrombosis Hypervitaminosis A

IVC: inferior vena cava; PHT: portal hypertension.
(Adapted with modifications from Molina E, Reddy KR. Noncirrhotic portal hypertension. Clin Liver Dis 2001;5:769–787.70)
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cirrhotic and noncirrhotic PHT compared ECE with EGD for EV 
screening and found a sensitivity of 77% and specificity of 86%.8 
A meta-analysis by Lu and colleagues showed similar rates of 
sensitivity and specificity.9 The benefits of CT or ECE over EGD 
include little discomfort and sedation-less convenience with 
immediate return to normal activities. Disadvantages of CT 
include radiation exposure and the possibility of incidental find-
ings of no clinical significance that could prompt further workup 
and incur additional costs. No serious complications have been 
reported with ECE, although a low rate of capsular retention has 
been reported (0.7%–2.2%), usually due to unknown esophageal 
strictures.10 CT or ECE may be used as treatment modalities 
among patients who are unwilling to undergo EV screening eval-
uation with EGD. As opposed to CT and ECE, EGD also affords 
definitive endoscopic management of varices at the time of the 
procedure.

Another technique evaluated as a possible screening tool for 
EV is ultrathin endoscopy. Ultrathin endoscopy is a 3.1-mm 
battery-powered esophagoscope that can be comfortably used 
without sedation. One study of 28 patients who underwent both 
ultrathin endoscopy and routine EGD found ultrathin endoscopy 
to have a sensitivity of 100% and a specificity of 93% for detec-
tion of EV, and the ultrathin endoscope was well tolerated.11 The 
ultrathin esophagoscope does not allow for treatment of varices 
if identified.

Classification
Several endoscopic classification schemes have been used to grade 
EVs. In the early 1980s, the Japanese Research Society for Portal 
Hypertension recommended that endoscopists describe the color, 
location, and form or size of varices in addition to any possible red 
marks.12 In 1988, the North Italian Endoscopic Club grouped them 

into small (F1), medium (F2), and large varices (F3) with or with-
out red marks (▶ Fig. 7.2). Small varices are minimally elevated 
above the esophageal mucosa and typically flatten with air insuf-
flation (▶ Fig. 7.2a). Medium vessels occupy less than one third of 
the esophageal lumen but do not flatten with insufflation (▶ Fig. 
7.2b). Large EVs occupy greater than one-third the diameter of the 
esophageal lumen (▶ Fig. 7.2c). In an effort to further simplify EV 
classification, recommendations were made at the Baveno I Con-
sensus Conference to categorize varices as either small or large, 
with a suggested cutoff diameter of 5 mm.13,14 Red marks or nipple 
signs should still be identified because they represent high-risk 
features of hemorrhage (▶ Fig. 7.2d). Most endoscopists use one 
of the last two classification schemes, and we recommend using 
the low- or high-risk classification method.

Management: Primary Prophylaxis
Current guidelines suggest a benefit to screening all patients 
with cirrhosis for EV, and EGD is the most widely used screen-
ing method.14 EGD surveillance is recommended at a 1- to 3-year 
interval based on the patient’s liver disease (compensated or 
decompensated cirrhosis) and prior findings (presence and 
grade of varices). Follow-up endoscopies are not required among 
patients with low-risk varices who are on appropriately dosed 
beta-blockade therapy (see ▶ Fig. 6.2).

After EGD has been performed, patients with nonbleeding EVs 
can be risk stratified based on their risk of hemorrhage. Small 
nonbleeding EVs without high-risk features can be conservatively 
monitored with surveillance EGD. Small EVs with high-risk fea-
tures can be managed with medical pharmacologic therapy alone 
and/or with endoscopic variceal band ligation (EVL). Nonselective 
beta-blockers is to decrease cardiac output and cause splanch-
nic vasoconstriction. Patients with nonbleeding large EVs can 

Fig. 7.1  Anatomy of the portal circulation. Gastric 
varices caused by splenic vein thrombosis (SVT) tend 
to arise from the short gastric veins and run from the 
hilum of the spleen to the greater curvature aspect of 
the stomach. PHT-induced gastric fundal varices arise 
from splenorenal or gastrorenal shunts. IVC: inferior 
vena cava; LGV: left gastric vein; LRV: left renal vein; 
PV: portal vein; SGV: short gastric vein; SMV: superior 
mesenteric vein; SV: splenic vein.
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be treated with beta-blockade therapy, which has been shown 
to lower rates of first variceal bleeding and mortality.15 However, 
other treatment options are available for large EVs with high-risk 
features or among individuals who do not tolerate maximal beta-
blockade therapy. Endoscopic treatment modalities primarily 
include endoscopic sclerotherapy (EST) or EVL.14 TIPS and surgical 
shunt therapy has also been evaluated for primary prophylaxis.14

Endoscopic Sclerotherapy
Endoscopic sclerotherapy involves direct injection of a chemical 
sclerosant into the varices. EST has been used as primary pro-
phylactic treatment of EV since the 1980s. Initial trials showed 
a significant survival benefit in addition to lower rates of first 
bleeding events.16–18 However, further studies did not support 
these data and actually suggested that EST could provoke bleed-
ing when used as primary prophylaxis.19,20 One study comparing 
prophylactic sclerotherapy with sham therapy for EV treatment 
had to be terminated prematurely because the mortality rate 

was significantly higher in the sclerotherapy group.21 Compli-
cations of EST, such as ulcer or stricture formation, perforation, 
and chest pain, led to the development of alternative treatment 
options, primarily EVL. Therefore, EST is not recommended as pri-
mary prevention of variceal hemorrhage. The technique of EST is 
described elsewhere in this chapter.

Endoscopic Variceal Ligation
The first reported case of EVL was performed on dogs in 1986 
with a 92% success rate. After its safety and efficacy had been 
assessed, it became available for endoscopic use in humans in 
1988 (▶ Fig. 7.3). Since then, several randomized controlled trials 
and two meta-analyses have shown EVL to be at least equivalent 
and possibly superior to nonselective beta-blockers in primary 
prevention of an initial variceal bleeding episode and to have 
fewer complications.22–26 Complication rates of EVL are low but 
include chest pain, ulceration, bleeding, stricture formation, and 
perforation.27 EVL is a recommended treatment option for patients 

Fig. 7.2  Classification of esophageal varices. (a) Small, low-risk esophageal varices (or F1), almost flattened out with insufflation. (b) Medium-sized, low-
risk esophageal varices (F2) that did not flatten with insufflation. (c) Large esophageal varices larger than one third of the esophageal lumen with some 
high-risk stigmata (red marks or wheals). (d) Esophageal varices with high-risk stigmata for recent bleeding and rebleeding with red marks and a nipple 
sign or fibrin plug.
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Fig. 7.3 (a,b)  A transparent cap that is attached to the end of the endoscope with strings that acts as a tripwire and deploys the bands as seen on these 
images. (The bands are black, and the yellow band indicates the one before the last band; thus, repeated band placement is feasible.) (c,d) Illustrations 
of the transparent cap that is attached to the end of the endoscope with depiction of the suctioning maneuver of the varix inside the cap and then the 
deployment of the band.

with nonbleeding large varices who cannot tolerate beta-blocker 
therapy or large varices with high-risk features of hemorrhage. 
Compared with no active treatment, EVL is associated with a rela-
tive risk reduction of first bleeding episode of 64% with a number 
needed to treat of four to prevent a bleeding episode.28,29

Technique
Banding devices have evolved, and a variety of EVL devices are 
available for use. Each has a transparent cap that attaches onto 
the end of the endoscope and carries 1 to 10 stretched bands 
(▶ Fig. 7.3). A string that acts as a tripwire attaches the cap to the 
control handle via the accessory channel of the endoscope. The 
control handle contains a small wheel that can be rotated to draw 
the string back and deploy the band(s) when ready. After EVs 
have been identified, the scope is removed, the banding device is 
set up and attached to the endoscope, and then the endoscope is 
readvanced to the most distal varix. With the attached cap placed 

directly onto the targeted varix, suction is then applied to the 
varix until it is brought up into the cap. The band is then deployed 
onto the suctioned varix by turning the trigger wheel. This pro-
cess can be repeated with the remaining bands on residual varices 
(▶ Fig. 7.3b). Banding from the distal end and working proximally 
is the best method for decompressing varices, allows for complete 
visualization of the esophagus, and prevents possibly dislodging 
bands that have already been placed.

Shunt Surgery Operations and TIPS
Although portosystemic shunt surgery is effective at relieving 
PHT and decreasing EV formation and variceal hemorrhage, stud-
ies have shown more episodes of encephalopathy and higher 
mortality rates associated with this surgery.30 This is likely due 
to decreasing portal blood flow to the liver.31 TIPS has the same 
underlying physiologic mechanism as surgical shunt therapy, and 
because they both carry risks of encephalopathy, liver failure, and 
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procedural complications, neither shunt surgery nor TIPS can be 
recommended as primary prevention of EV hemorrhage.

Management of Esophageal  
Varices Hemorrhage
Up to 90% of patients with cirrhosis will eventually develop EV, 
and nearly one third of them will have an episode of variceal hem-
orrhage (see ▶ Fig. 6.3). Advances in medical care over the past 
three decades has dramatically improved survival rates among EV 
bleeding with a mortality rate of 42% in the 1980s to current rates 
of 15% to 20%.32,33 Medical therapy should be initiated as early as 
possible and involves volume resuscitation and hemodynamic 
support in an intensive care unit setting with goal hemoglobin 
of 7 to 8 g/dL except in patients with active ongoing bleeding 
or known ischemic cardiac disease. Care should be taken to not 
overtransfuse the patient to avoid elevated portal pressures and 
worsened bleeding. If the patient is having active hematemesis, 
intubation for airway protection should be strongly considered. 
Prophylactic antibiotics should be initiated to prevent sponta-
neous bacterial peritonitis, and octreotide or terlipressin (outside 
the United States) should be started. Beta-blockers should not be 
used in the setting of acute hemorrhage. Endoscopic therapy is 
considered the first-line definitive treatment option and should 
be performed as early as possible. If unsuccessful or the patient is 
not hemodynamically stable for upper endoscopy, TIPS or surgi-
cal shunting is pursued based on local expertise. As an emergent 
temporizing measure, balloon tamponade (BT) can be used to con-
trol active hemorrhage. BT is effective up to 80% of the time and 
should be considered if definitive management is not readily avail-
able as a temporizing modality.34 Several BT devices are available 
with the most widely used being the Sangstaken-Blakemore and 
Minnesota tubes. Esophageal stents have also been evaluated as a 
tamponade device for uncontrollable EV hemorrhage.

Rebleeding can occur after initial hemostasis and is defined as 
recurrent variceal hemorrhage after a 24-hour bleed-free interval. 
Several factors have been associated with rebleeding or failure to 
control active bleeding and include active spurting varices, Child 
class C cirrhosis, bacterial infection, portal vein thrombosis, or 
HVPG greater than 20 mm Hg.35,36

Endoscopic Variceal Ligation
Endoscopic variceal ligation is the most common and recom-
mended treatment method for actively bleeding EV. Approxi-
mately 80% to 90% of patients with an active EV bleed achieve 
hemostasis with EVL; the remaining 10% to 20% of individuals 
have either unsuccessful hemostasis with EVL or early rebleed-
ing after band ligation.30 The technique used with EVL has been 
described previously in this section (▶ Fig. 7.3). When treating 
an active EV bleed, the endoscopist may start banding at the GE 
(gastroesophageal) junction and work more proximally. Alterna-
tively, a band may initially be placed on the bleeding or highest 
risk appearing varix and then additional bands placed from that 
point. The band causes thrombosis of the varix with necrosis of 
the mucosa, and the bands typically fall off within a few days with 
a residual superficial mucosal ulceration that heals and eventu-
ally scars. Repeat sessions should be performed at 2- to 4-week 
intervals until there is complete obliteration of varices.14,32

Endoscopic Sclerotherapy
Endoscopic sclerotherapy is generally used as second-line therapy 
in an actively bleeding EV or when bleeding precludes adequate 
visualization to perform band ligation. A variety of sclerosing 
agents are available, and all appear to be equally effective. The 
most commonly used sclerosants include sodium morrhuate (5%) 
and ethanolamine oleate (5%). EST involves initially drawing up 
the desired amount of sclerosant into a syringe and then attaching 
it to a needle injector and flushing the injector with sclerosant. The 
injector is then advanced through the scope channel, and under 
direct endoscopic visualization, the desired varix can then be 
injected with 1 to 2 cc of sclerosant and then briefly monitored for 
bleeding cessation. Varices can be reinjected if needed. Injection 
adjacent to the varices (paravariceal) is sometimes also performed 
to assist in thrombosis of the varix by causing inflammation of the 
surrounding mucosa. EST is typically started at the likely site of 
active bleeding. If unable to identify this, then it is recommended 
to inject distally near the GE junction and then advance proximally 
along the esophagus. A total of 10 to 15 cc of sclerosant is gener-
ally used, and both intravariceal and paravariceal injections are 
effective. EST is a good treatment option when there is significant 
blood within the esophagus precluding adequate visualization of 
the bleeding varix. It does come with potential complications as 
noted previously, primarily esophageal ulcers with possible bleed-
ing, esophageal strictures, perforation, mediastinitis, pericarditis, 
chylothorax, and acute respiratory distress syndrome.37,38

Esophageal Stents
A few case series have been published on treatment of acute EV 
hemorrhage with endoscopic stent placement. These stents have 
been specially developed to not require fluoroscopic guidance. 
The stent is placed over a guidewire previously passed to the 
stomach by EGD. The stent has a distal balloon that is inflated 
with a syringe to ensure proper location in the cardia and lower 
esophagus.39–41 When in location, the stent can be deployed to 
tamponade the bleeding EV. It can be left in place for up to 14 days 
and can then be retrieved endoscopically with a hook system.

Self-expandable metal stents (SEMS) have primarily been evalu-
ated as salvage therapy after failure of hemostasis with traditional 
endoscopic approaches. In a case series of 10 patients who failed 
initial endoscopic management and had contraindications to TIPS 
or BT, SEMS was successfully placed in 9 patients. Bleeding was not 
controlled in three patients, although two of them had GVs.40 A pilot 
study of 20 patients who failed pharmacologic and endoscopic ther-
apy had SEMS placed with a reported 100% success rate and no sig-
nificant complications.41 Of the 20 patients, 8 were Child class B and 
12 Child class C. The stents were left in place for 2 to 14 days, and 
bleeding was immediately controlled after placement of the stent 
in all cases. All of the stents were extracted without complication. 
Data on SEMS in acute variceal hemorrhage is limited, but it might 
offer an additional choice to salvage therapy in select patients.

Transjugular Intrahepatic  
Portosystemic Shunt
TIPS is an effective method of controlling EV bleeding because it 
significantly lowers the HVPG. TIPS results in a communication 
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between the hepatic vein and one of the intrahepatic portal vein 
branches, which effectively decompresses the portal system and 
achieves immediate hemostasis in more than 90% of actively 
bleeding EV.42 Compared with endoscopic therapy, TIPS reduces 
rebleeding (19% vs. 47%) but increases encephalopathy (34% vs. 
19%) and liver failure without survival or cost benefit.43–45 Because 
of this, TIPS has primarily been used as salvage therapy in cases of 
EV hemorrhage with inadequate control of bleeding after one or 
two endoscopic therapy sessions or rebleeding.

A recent randomized multicenter study demonstrated reduc-
tions in treatment failure and mortality with earlier use of TIPS 
among patients with cirrhosis hospitalized for acute variceal 
bleeding and at high risk for treatment failure. Patients were 
randomized to either early TIPS (performed within 72 hours) 
or pharmacotherapy, and EVL with TIPS used as rescue therapy 
as needed. Among the early TIPS group, there was significant 
improvement in control of bleeding, decreased rebleeding rates, 
and a 30% mortality absolute risk reduction. The author of this 
study concluded that in patients with Child class B or C cirrhosis 
and HVPG greater than 20 mm Hg, early TIPS may be a reasonable 
first-line therapy choice in the setting of acute variceal bleed-
ing. Notably, patients with Child class C scores above 13 were 
excluded from the study.46

Absolute contraindications to TIPS include severe congestive 
heart failure, severe pulmonary hypertension, severe hepatic fail-
ure, multiple hepatic cysts, uncontrolled systemic infection, or 
unrelieved biliary obstruction. Hepatoma, severe coagulopathy 
(international normalized ratio >5), thrombocytopenia (<20,000), 
and portal vein thrombosis are all relative contraindications to 
TIPS. The MELD (Model of End Stage Liver Disease) score can 
accurately predict mortality after TIPS.

Surgical Decompression
With the development of additional endoscopic and interven-
tional radiologic approaches to the treatment of actively bleeding 
varices, surgical decompression of EV bleeding has dramatically 
declined in the United States and is now only rarely used as rescue 
therapy. Because of this, many surgeons no longer receive training 
in shunt operations, and TIPS is generally considered the rescue 
treatment of choice in most centers.

Gastric Varices
Gastric varices have been reported in 20% to 25% of patients 
with PHT and have an approximate 25% risk of bleeding within 
2 years, with fundal varices carrying the highest bleeding rates14 
(▶  Fig.  7.4). Although GV bleeding occurs less frequently than 
bleeding from EVs, it tends to be more severe and has higher 
rebleeding and mortality rates (▶ Fig. 7.5).14,32

GVs have been classified by Sarin et al as gastroesophageal 
varices (GOVs) and isolated gastric varices (IGVs) based on their 
location (▶ Fig. 7.4).47 GOVs are an extension of EV. Whereas GOV 
type 1 lesions traverse the lesser curvature, GOV-2 varices extend 
along the fundus and tend to be more tortuous (▶  Fig.  7.4a,b; 
▶ Fig. 7.5d). IGVs are categorized as IGV-1 lesions if located in the 
fundus or IGV-2 lesions if located in the body, antrum, or pylo-
rus (▶ Fig. 7.4c,d; ▶ Fig. 7.5a,b,c).48 IGV-1 are much less common 
than IGV-2 but have a higher risk of bleeding (▶ Fig. 7.5d). They 

should also prompt evaluation of possible splenic vein thrombo-
sis, and if found, splenectomy might be a potential therapeutic 
option.

As GOV-1 are extensions of EV, they should be treated the 
same as EV, primarily with EVL. Several therapeutic options 
have been evaluated for the treatment of high-risk and actively 
bleeding GVs, including EST, EVL, cyanoacrylate injection, BRTO, 
and TIPS. High-risk GVs are defined as GOV-2 IGV-1 with stig-
mata of recent bleeding (i.e., fibrin plug or clot), or any GV in 
the setting of a recent bleed with no definite stigmata but no 
identifiable source of bleeding (▶ Fig. 7.5b,c). Studies have shown 
glue injection to have higher initial hemostasis rates and lower 
rebleeding and mortality rates compared with EST and EVL.49,50 
Cyanoacrylate glue injection has been shown to have 36% and 
46% lower 2- and 3-year rebleeding rates than gastric variceal 
band ligation.51,52

Cyanoacrylate Injection
Current practice guidelines recommend glue injection with tis-
sue adhesives such as cyanoacrylate as the preferred treatment 
option for control of GV bleeding with TIPS being a consideration 
in patients in whom hemorrhage from fundal varices cannot be 
controlled or in cases of rebleeding14 (see ▶ Fig. 6.3).

The most common cyanoacrylates used are Histoacryl or 
Glubran (-butyl-2-cyanoacrylate), Dermabond (2-octyl-cya-
noacrylate), and Indermil (N-butyl-cyanoacrylate). Cyanoacry-
lates polymerize rapidly upon contact with weak bases, such as 

Fig. 7.4  Schematic diagram of Sarin’s classification of gastric varices. 
Type 1 gastroesophageal varices (GOV-1) are typically a continuation 
of esophageal varices onto the lesser curvature. The fundal varices are 
included in two groups. Type 2 gastroesophageal varices (GOV-2) occur 
when the esophageal and fundal varices are present in continuity over 
the cardia; these might include type 1 isolated gastric varices (IGV-1), 
which are usually isolated gastric fundal varices. Type 2 isolated gastric 
varices (IGV-2) are gastric varices at ectopic sites in the stomach outside 
the cardiofundal region or the first part of the duodenum.
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blood, but the polymerization time varies by compound. When 
injected intravascularly, they solidify and form a cast within 
the varix. Partial occlusion of the vein occurs immediately, and 
there is generally total occlusion within hours. The glue cast 
may remain for months to years. Initial hemostasis rates with 
glue injection of GV ranges from 90% to 100% with rebleeding 
rates ranging from 5% to 30%, approximately the same rates as 
TIPS. GV glue injection carries a 2% to 5% risk of serious com-
plication, including fever, chest pain, embolism, infarction, nee-
dle impaction, sepsis, and death. Scope damage from the tissue 
adhesive can also occur. It should be noted that cyanoacrylates 
are not approved by the Food and Drug Administration for GV 
treatment.

Technique
We use Indermil for glue injection of GV, and it must remain 
refrigerated before use. Indermil is drawn up into two to 
three 10-cc syringes with varying quantity depending on the 

number and size of the GV. A 3-way stopcock is then attached to 
a 23-gauge needle injector and a 10-cc syringe of olive oil. The 
Indermil syringes are then attached to the stopcock. A flexible 
sigmoidoscope is used to perform the EGD given its greater view-
ing angles. After the GV is identified, the surrounding mucosa is 
cleaned with simethicone. The injector needle is then advanced 
through the channel and flushed with olive oil to prevent pre-
mature polymerization of the Indermil in the scope channel. The 
Indermil is then injected until a few drops exit the injector nee-
dle. The injector needle is advanced directly into the GV, and sev-
eral milliliters of Indermil are injected into the varix immediately 
followed by a water flush and removal of the injector needle. This 
process is then repeated until all GVs are adequately treated. 
The scope can then be removed and cleaned with acetone and a 
cleaning brush. The patient should be treated with antibiotics for 
1 week. We perform follow-up EGD with EUS (endoscopic ultra-
sonography) in 48 to 72 hours with Doppler assessment for resid-
ual varices (▶ Fig. 7.5d). Repeat glue injection can be performed 
until GV obliteration.

Fig. 7.5  Photographs of gastric varices. (a) Large (>3 cm) gastric varices (IGV-1) with no stigmata of bleeding. (b) A large IGV-1 with evidence of recent 
bleeding (blood in the stomach and a nipple or dimple sign). (c) The nipple sign area with active bleeding. (d) Mosaic (snake skin–like appearance) 
pattern of post–balloon-occluded retrograde transvenous obliteration (BRTO) findings of a GOV-2.
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Balloon-Occluded Retrograde 
Transvenous Obliteration and 
Transjugular Intrahepatic  
Portosystemic Shunt
BRTO was first described by Kanagawa et al53 in 1992 and is an 
interventional radiologic procedure used to treat gastric or ecto-
pic varices with a spontaneous splenorenal or gastrorenal shunt 
and is described in greater detail in Chapter 29. The therapeutic 
efficacies of cyanoacrylate glue injection and BRTO appear to be 
similar based on one small prospective study with glue injection 
possibly having a higher rebleeding rate than BRTO. Additionally, 
BRTO may be a reasonable salvage therapy in failed or rebleed-
ing glue cases.54 Obliteration of splenorenal or gastrorenal shunts 
during BRTO likely increases portal pressure and the subsequent 
risk of EV hemorrhage in the long term, with one study showing 
no difference in EV bleeding rates at 1 and 3 year follow-up but a 
significant increase in bleeding rates at 5 and 7 years in the BRTO 
group.55 TIPS is effective at controlling active bleeding from GV 
and was shown to be more effective than other forms of variceal 
obturation in preventing recurrent hemorrhage.56 Each treatment 
option carries potential adverse effects, and each is reviewed in 
greater detail elsewhere in this book.

Our preference at our institution is to perform BRTO as the 
initial treatment for bleeding or high-risk GV if the patient has 
an accessible splenorenal or gastrorenal shunts. If the patient’s 
anatomy precludes BRTO, we perform cyanoacrylate glue injec-
tion. We primarily use TIPS with embolization of the GV feeders 
as salvage therapy.

Ectopic Varices
Ectopic varices are any portosystemic shunt secondary to PHT 
that occur within the GI tract outside the gastroesophageal region. 
This includes varices in the duodenum, jejunum, ileum, colon, 
rectum, and ostomy sites. Ectopic varices account for up to 5% 
of all variceal bleeding episodes and typically present with sud-
den onset profuse hematochezia or melena and carry a mortality 
rate of up to 40%.57–59 Urgent EGD should be performed followed 
by colonoscopy. If no bleeding lesion is identified, consideration 
should be made for angiography to identify the bleeding source.

Duodenal varices (DVs) originate from either the superior mes-
enteric vein (SMV) or the portal vein trunk via either the supe-
rior or inferior pancreaticoduodenal veins, which then drain into 
the inferior vena cava (IVC). Although they can occur anywhere 
in the duodenum, more than 80% of DVs are in the descending 
duodenum.60 DVs are sometimes misidentified as other lesions 
and biopsied for further evaluation, and this can trigger massive 
bleeding requiring urgent treatment. Caution should be taken 
when evaluating duodenal lesions in patients with cirrhosis, and 
EUS can be used to better localize and differentiate suspected DVs 
from other lesions. Management options are outlined below.

Small bowel varices have become more recognized with our 
increased ability to visualize the entire small bowel either with 
balloon enteroscopy or capsule endoscopy. The prevalence of 
small bowel (other than DV) varices ranges from 1.9% to 8.7% 
among patients evaluated for obscure GI bleeding to nearly 70% 
of patients with known PHT who undergo capsule endoscopy.61–63 
They arise from collateral vessel formation between jejunal and 

ileal branches of the superior and inferior mesenteric veins (SMV 
and IMV, respectively) and the systemic venous circulation. They 
can also occur without PHT in the event of splenic or mesenteric 
vein thrombosis or congenital vascular malformations.64

Colonic varices occur in approximately 40% of patients with cir-
rhosis and arise from enlarged collaterals between ileocolic, right 
and middle colic vessels, and the systemic venous circulation.65 
Rectal varices must be distinguished from hemorrhoids and arise 
from communication between superior hemorrhoidal veins and 
the middle or inferior hemorrhoidal vein that eventually drains 
into the IVC. Rectal varices occur in up to 40% of patients with 
cirrhosis and extend more than 4 cm above the anal verge. Rec-
tal varices collapse with digital pressure, but hemorrhoids do 
not. Stomal varices occur in up to 30% of patients with cirrho-
sis who have undergone colon surgery, and they develop at the 
mucocutaneous border of the stoma or just proximal to it.66 Most 
commonly, this occurs in patients with inflammatory bowel dis-
ease and primary sclerosing cholangitis–induced cirrhosis who 
have  undergone proctocolectomy with formation of ileostomy. 
These varices may not be obvious and may only be identified by a 
blue halo surrounding the stoma.

Management
Ectopic varices can be challenging to treat because they can be 
difficult to locate endoscopically. There are no substantiated data 
on primary prophylaxis of ectopic varices, but beta-blocker ther-
apy is a reasonable option to decrease portal pressure and sub-
sequent varix wall tension. The goal pulse rate should be 55 to 
60 beats/min, similar to beta-blocker therapy when treating other 
varices. No further recommendations can be made on primary 
prophylaxis of ectopic varices.

Medical treatment of actively bleeding ectopic varices should 
be similar to other variceal hemorrhage medical management, 
with hemodynamic support, octreotide, and antibiotic therapy. 
Several studies have reported successful therapy of ectopic varices 
with EVL, EST, or glue injection. EVL has limited success when the 
ectopic varix measures larger than 15 mm, and other treatment 
options should be considered in these circumstances. EST has been 
used with the same sclerosants mentioned earlier for treatment of 
all ectopic varices, including peristomal varices; however, EST may 
result in stomal injury.67 Glue injection can be performed on ecto-
pic varices as in GV treatment. Another described method is ini-
tially clipping the bleeding vessel followed by intravariceal sclero-
therapy or glue injection for definitive hemostasis. If there is failure 
to achieve initial hemostasis or rebleeding occurs, the next treat-
ment option is venous embolization, which involves occluding the 
feeding vein on the portal venous side to the ectopic varices.68,69 
If bleeding persists, BRTO, TIPS, or surgical shunt should then be 
considered. In cases of bleeding stomal varices, surgical ligation or 
cautery can be effective. Because there are no substantiated con-
trolled data to guide management of ectopic varices, endoscopic 
management of these lesions is left to the discretion and expertise 
of the endoscopist and treatment facility capabilities.

Conclusion
Variceal complications from cirrhosis and PHT are common 
and can have serious consequences. The treatment of variceal 

IRBK003-CH07_p064-073.indd   71 5/27/17   6:24 PM



Section II: Medical, Endoscopic, Percutaneous, and Surgical Management

72

bleeding is complex and is best managed in a and is best managed 
in a multidisciplinary approach. Primary prophylaxis is indicated 
in certain cases, but available therapies for active or recent vari-
ceal bleeding are multifaceted, as discussed in this chapter.

Clinical Pearls
•	 Esophageal varices occur in approximately 45% of patients 

with cirrhosis.
•	 Esophageal varices severity correlates with Child-Pugh 

classification.
•	 Variceal hemorrhage carries a 6-week mortality rate of 20%, 

and up to 70% of untreated individuals die within 1 year of 
their initial hemorrhage.

•	 Primary prophylaxis of esophageal varices consists of 
beta-blockers or band ligation; variceal banding is the usual 
treatment of choice for variceal bleeding. TIPS is reserved for 
uncontrolled bleeding.

•	 Gastric varices occur in up to 20% to 25% of patients with PHT 
with or without cirrhosis.

•	 Gastric varices have an approximate 25% risk of bleeding 
within 2 years, with fundal varices carrying the highest 
bleeding rates.

•	 Gastric variceal bleeding is usually managed with cyanoac-
rylate therapy or BRTO, but is based on the expertise of the 
endoscopist and local medical institution.
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Chapter 8:  Paracentesis and the LeVeen and Denver Shunts
Louis G. Martin

Introduction
Large-volume paracentesis (LVP) and peritoneovenous shunts 
(PVS) are two of four commonly used methods of treating asci-
tes that is refractory to optimal medical management (the other 
two, transjugular intrahepatic portosystemic shunt [TIPS] and 
liver transplant [LT], are discussed in other chapters of this book). 
All four methods compete for the same patient population, that 
is, patients with end-stage portal hypertension (PHT). It is not a 
fair competition. LT is the only one of the four that will signifi-
cantly extend patient survival. Active alcohol or substance abuse, 
HIV or other systemic infections, life-limiting medical conditions 
(advanced cardiac, pulmonary, neurologic, or neoplastic con-
ditions), uncontrolled psychiatric disorders, inability to comply 
with pre- and posttransplant regimens, and advanced age may 
eliminate a patient from consideration for LT. Patients with refrac-
tory ascites who are not candidates for LT or are waiting for a liver 
to become available are candidates for LVP and PVS placement.

One of the most serious signs of decompensated liver dis-
ease is refractory ascites, which has a prevalence of 5% to 10% 
in patients with advanced PHT and a survival rate as low as 50% 
at 12 to 24 months after diagnosis.1 Ascites is considered refrac-
tory when it cannot be relieved by dietary sodium restriction and 
diuretic treatment. Sodium restriction to 2 g/day (88 mmol/day) 
and diuretics are the mainstay of therapy for cirrhotic ascites. 
Together these measures achieve successful diuresis in more than 
90% of patients. About 10% to 15% of patients have sufficient spon-
taneous natriuresis to be managed by sodium restriction without 
the need for diuretics. The remainder requires oral diuretics; those 
recommended by the American Association for the Study of Liver 
Diseases (AASLD) are a combination of 100 mg of spironolactone 
and 40 mg of furosemide administered as a single morning dose.2 
If necessary, these doses can be raised until a maximum of 400 mg 
and 160 mg, respectively, are reached. One or more additional 
diuretics may be added in low doses to treat inadequate diuresis. 
Potassium disturbances or painful gynecomastia may necessitate 
a reduction in the dose of spironolactone and the substitution of 
amiloride. Failure to control ascites by these measures may be 
due to an insufficient response to sodium restriction and diuretic 
therapy, termed diuretic-resistant ascites, or the occurrence of 
diuretic-induced complications such as hyperkalemia, hypona-
tremia, renal insufficiency, or hepatic encephalopathy, termed 
diuretic-intractable ascites. Contraindications to diuretic use 
include hepatic encephalopathy, a serum sodium level lower than 
120 mmol/L, and renal insufficiency with a serum creatinine level 
above 2 mg/dL. Diuretics should be discontinued and other thera-
peutic options considered if any of these adverse events occurs.3

The main factor contributing to the development of ascites 
in a patient with cirrhosis is PHT, which results from increased 
intrahepatic resistance to blood flow and is exacerbated by 
splanchnic vasodilatation as a result of local production of vaso-
dilators. A commonly accepted theory of ascites formation in 
PHT is that it develops secondary to the continuous retention 
of sodium. Splanchnic vasodilation caused by PHT causes arte-
rial system underfilling (hypovolemia); as a result, vasopressin 

activity increases and causes fluid retention. The body is eventu-
ally unable to maintain homeostasis, and fluid starts leaking into 
the peritoneal cavity. Sodium and water retention develop as the 
sympathetic nervous system and renin–angiotensin–aldosterone 
system are activated to compensate for the arterial hypovolemia. 
This theory is believed to explain the development of hepatore-
nal syndrome (HRS) and dilutional hyponatremia seen in patients 
with refractory ascites. The splanchnic circulation remains patent 
in PHT as a result of its own production of vasodilators such as 
prostaglandin E, prostacyclin, and nitric oxide, causing low vas-
cular resistance, increased cardiac output, and decreased blood 
pressure. As a result of elevated hepatic sinusoidal pressure, there 
is an increase in venous blood flow and therefore increased lymph 
formation, which exceeds the flow rate that can be transported by 
the thoracic duct into the central venous system, resulting in fluid 
leaks into the peritoneal cavity (i.e., ascites).

Large-Volume Paracentesis
Paracentesis was the only treatment available for ascites from the 
time of Hippocrates until the advent of dietary sodium restriction 
and oral diuretics in the 20th century. For the past 2000 years, a 
rather large, hollow-bore metallic cannula was used access the 
ascitic collection; this has been replaced over the past 60 years by 
much smaller needles and catheters and a more stringent atten-
tion to aseptic technique.1 Despite our progress during the past 
century, LVP is not a benign procedure; complications, including 
hyponatremia, renal failure, severe infection, gastrointestinal and 
abdominal wall bleeding, and paracentesis-induced circulatory 
dysfunction (PICD), occur in 20% to 50% of patients. In an era 
when moderate obesity is the norm and morbid obesity is not 
unusual, it is not always easy to diagnose even a large peritoneal 
fluid collection on physical examination. The classic signs of bulg-
ing flank and distended abdomen, shifting dullness to percussion, 
a fluid wave, auscultatory percussion, and the “puddle sign” (peri-
umbilical dullness to percussion after the patient has been on his 
or her hands and knees for several minutes) can be masked by the 
patient’s girth. Thankfully, ultrasonography, which can detect as 
little as 100 mL of fluid, has become the “gold standard” and is 
readily available to any radiologist.

Having determined that the patient has ascites, does he or she 
need paracentesis for relief of symptoms? Paracentesis can often 
give temporary relief of chest pain, dyspnea, abdominal pain, and 
anorexia. The AASLD practice guideline suggests a single LVP 
of 4  to 6 L followed by dietary sodium restriction and diuretic 
therapy for tense ascites; for patients with refractory ascites, 
the AASLD practice guideline recommends serial LVP sessions as 
needed. These guidelines consider albumin infusion as optional 
for LVP of more than 5 L but do not recommend it for paracen-
tesis of lesser volume.2 Patients with tense ascites are frequently 
treated by the removal of 7 to 10 L of ascitic fluid. Removal of such 
large volumes has been determined to cause PICD, a disorder 
characterized by marked activation of the renin–angiotensin axis 
secondary to the further increase of an already established arte-
riolar vasodilatation, which is a frequent and potentially harmful 
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complication of paracentesis of greater than 6 L. Although PICD 
is clinically silent, it has been associated with a rapid recurrence 
of tense ascites and shorter survival times. The rate of fluid 
extraction, mechanical modifications (caused by abdominal 
decompression), and release of vasodilator molecules (e.g., nitric 
oxide) from the vascular endothelium are postulated to play a 
major role in development of PICD. The main feature of PICD is 
a marked activation of the renin–angiotensin and sympathetic 
nervous system without changes in plasma volume, heart rate, or 
hematocrit. Therefore, the rationale for using plasma expanders 
such as albumin after paracentesis is to maintain the circulatory 
status and to prevent the subsequent activation of vasoconstric-
tor systems. In a prospectively randomized study by Sola-Vera 
et al,4 the incidence of PICD was significantly higher (P = 0.03) in 
the saline group versus the albumin group receiving total para-
centesis; however, no significant differences were found when 
less than 6 L of ascitic fluid was evacuated (6.7% vs. 5.6% in the 
saline and albumin groups, respectively). Complications other 
than PCID were almost twice as frequent in the saline group in 
this study. Albumin was better than saline in the prevention of 
PICD. The incidence of PICD in patients receiving saline in Sola-
Vera et al’s study is similar to that reported in patients treated 
with dextran 70 (34%) or polygeline (38%); therefore, these are 
inferior substitutes for albumin.4

Disseminated intravascular coagulation (DIC) and an acute 
abdomen requiring surgery are the only absolute contraindi-
cations to paracentesis. Significant bleeding was below 0.3% in 
5337 patients with coagulopathy or thrombocytopenia in two 
retrospective studies. In both studies, an increased bleeding 
rate was associated with significant renal failure.5,6 Prophylactic 

transfusion with fresh frozen plasma did not reduce the rate of 
bleeding in one of the studies.5 Ultrasound guidance is manda-
tory if the patient in question has had an LT or abdominal sur-
gery, which increase the likelihood of bowel adhesions and a lead 
to high probability of collateral veins on the abdominal wall that 
must be avoided. The patient should be asked to empty his or her 
bladder before the procedure. Prophylactic antibiotics should 
be given to cover the most common organisms (Escherichia coli, 
Klebsiella pneumoniae, and pneumococci) pending culture of the 
causative agent if the polymorphonuclear count is above 250 per 
cubic millimeter. Overviews of the indications, contraindications, 
preprocedure testing, and patient management related to LVP are 
summarized in ▶ Table 8.1.

Procedure
As is frequently the case in interventional radiology (IR) proce-
dures, the materials used are not as important as how they are 
used. Paracentesis and thoracentesis kits are sold by many com-
panies; some interventionalists prefer to use the centesis trocar 
supplied in these kits; others prefer a multi-sidehole catheter 
introduced by the Seldinger technique for LVP. The procedure can 
be performed with little or no sedation. Informed consent and 
aseptic technique are mandatory. Examination of the abdomen 
by ultrasonography immediately before paracentesis is recom-
mended but not mandatory for all cases. The standard of care 
demands that preventive measures be followed in determining 
the needle-entry site for paracentesis.
1.	 When the midline approach is taken, the needle should not 

be entered cephalad to the umbilicus because the recanalized 

Table 8.1  Large-Volume Paracentesis

Diagnostic indications Fluid evaluation to determine the etiology of new-onset ascites, suspected spontaneous or secondary bacterial 
peritonitis, detection of cancer cells

Therapeutic indications Chest pain, respiratory compromise, anorexia, abdominal pain or pressure (including abdominal compartment 
syndrome) secondary to ascites

Absolute contraindications Hyperfibrinolysis, disseminated intravascular coagulopathy, acute abdomen that requires surgery

Relative contraindications Abdominal wall cellulitis, intraabdominal adhesions, distended bowel or bladder, pregnancy

Procedural complications Hyponatremia, hyperkalemia, renal failure, severe infection, GI bleeding, intraperitoneal bleeding, SBP, PCID, 
shortened survival time

Preprocedure Laboratory Tests16

INR Routinely recommended for patients with liver disease

aPTT Routinely recommended for patients receiving IV UFH

Platelet count Not routinely recommended

Hematocrit Not routinely recommended

Preprocedure Patient Management16

INR > 2.0 Threshold for treatment (i.e., FFP, vitamin K)

PTT and Hct No consensus

Platelet count < 50,000/μL Transfusion recommended

Clopidogrel Withhold for 5 days before procedure

Aspirin Do not withhold

LMWH Withhold one dose before procedure

aPTT: activated partial thromboplastin time; FFP: fresh-frozen plasma; GI: gastrointestinal; Hct: hematocrit; INR: international normalized ratio; 
IV: intravenous; LMWH: low-molecular-weight heparin; PICD: paracentesis-induced circulatory dysfunction; SBP: spontaneous bacterial peritonitis; 
UFH: unfractionated heparin.
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umbilical vein commonly underlies the abdominal wall in 
this location.

2.	 The needle must be inserted under ultrasound guidance sev-
eral centimeters from surgical scars to avoid perforating loops 
of bowel adherent to the peritoneal surface of the abdomen.

3.	 Needle puncture should be performed under ultrasound guid-
ance and below the umbilicus in patients who have had LT to 
avoid adhesions between the abdominal wall and the intestines.

4.	 Whether performed above or below the umbilicus, nee-
dle puncture should be through the linea alba or lateral to 
the rectus muscle sheath to avoid trauma to the deep and 
superficial branches of the inferior epigastric arteries that lies 
under this muscle (▶ Fig. 8.1).

5.	 Tunneling the needle for several centimeters in a zig-zag 
course through the subcutaneous tissue before entering 
the peritoneal space is recommended to prevent leakage of 
residual or reaccumulated ascitic fluid through the paracen-
tesis puncture site.

Analysis of the ascitic fluid is only needed on the initial para-
centesis and includes a cell count, culture, albumin level, and 
total protein level on the ascitic fluid and the serum albumin 
level. The serum-ascites albumin gradient or gap (SAAG) is a 
calculation used to determine the cause of ascites. A value over 
1.1 mg/dL indicates a greater than 97% probability of PHT, and 
below 1.1 mg/dL indicates that PHT is very unlikely.

Peritoneovenous Shunts
Development of refractory ascites is associated with a 1-year mor-
tality rate of up to 50%. Patients with cirrhosis who develop asci-
tes should therefore be evaluated for LT. A treatment algorithm 
must be developed for patients with refractory ascites who are not 
candidates for LT. Some consider PVS as a third line of treatment 

behind LT and LVP; others contend that there is “no role for PVS” 
in the present care of the patient with PHT.7 PVS may be the only 
remaining option for treatment with expectations of a reasonably 
acceptable quality of life in a patient with refractory ascites and 
HRS or encephalopathy. The major criticism of the Denver Shunt is 
that it requires high maintenance and has a high complication rate 
that includes an increased risk of spontaneous bacterial peritoni-
tis (SBP), which may jeopardize successful LT. First, not all patients 
with refractory ascites who have failed LVP are candidates for LT. 
Second, not all transplant surgeons believe that PVS has no place in 
the care of LT candidates; some endorse peritoneovenous shunt-
ing of ascites as a bridge to LT.8 A recent review of 1491 consecu-
tive adult patients undergoing LT at the University of Pittsburgh 
identified 80 patients (5.4%) who had at least one episode of SBP 
before LT. There was no difference in the long-term mortality rate 
between the two groups during a mean 4-year follow-up.9 The 
issue of Denver Shunt use in a patient who is a candidate for LT 
may still be considered “open.” Each practice will depend on the 
feelings of local transplant hepatologists and surgeons.

The Denver Shunt has proven useful for treatment of abdominal 
and pleural cirrhotic ascites but of course has no place in control of 
variceal bleeding. Better results can be expected in patients with 
lower Child-Pugh and model for end-stage liver disease (MELD) 
scores. Timing may be a critical factor; evidence shows that physi-
ologic and quality of life improvement is enhanced by early place-
ment of the shunt before the patient has deteriorated to the point 
that short-term survival is threatened.10 End-stage renal failure 
requiring dialysis, sepsis, uncorrectable coagulopathy, morbid obe-
sity, and septation of the peritoneal cavity caused by previous infec-
tion or surgery are contraindications to the procedure. To maintain 
Denver Shunt patency, the valve must be compressible against a 
firm, stable structure (i.e., a rib or the sternum), so the patient’s 
body habitus is an important factor that must be evaluated individ-
ually. HRS and liver function have been reported to improve after 
shunt placement; therefore, low levels of functional impairment 
are not contraindications. Early and advanced age are not contra-
indications to Denver Shunt use nor does age significantly affect 
expected benefit.10,11 TIPS offers relief to those with cirrhotic ascites 
but at the cost of accelerated hepatic failure and hepatic enceph-
alopathy. Placement of a pleurovenous or PVS, which before the 
introduction of TIPS and LT was the only recourse available to this 
patient population, is generating renewed interest among hepatol-
ogists, transplant surgeons, and interventional radiologists. There 
are not many options for the patients with cirrhosis with diuretic 
refractory ascites who are not candidates for LT.

In the days before the TIPS procedure, Harry H. LeVeen designed 
a permanently implantable PVS to transmit ascitic  fluid from the 
peritoneal cavity back into the central venous system, where it 
could be eliminated by the kidneys. A one-way valve in the LeVeen 
Shunt controlled antegrade flow of ascitic  fluid through the shunt, 
allowing flow to occur when the peritoneal pressure was 3 to 5 cm 
H2O higher than the intrathoracic venous pressure.12 In 1979, Lund 
and Newkirk introduced the Denver Shunt, which was a modifi-
cation of a ventriculoperitoneal shunt they had originally devel-
oped for the treatment of hydrocephalus.13 This shunt has one or 
two silicone miter (duckbill) valves located in the pump chamber 
that permit flow in only one direction. The valves are designed 
so that their inner surfaces coapt when the pressure gradient 
between the peritoneal or pleural cavity and the central venous 
system falls below 3 to 5 cm H2O, slide against each other when 

Fig. 8.1  Puncture sites for paracentesis should be through the linea alba 
below the umbilicus to avoid puncture of recanalized umbilical veins 
through the abdominal wall lateral to the linea alba to avoid puncture 
of the inferior superficial epigastric artery and vein, which are marked 
on the abdominal wall of this figure.
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manually pumped to reduce buildup on the valves, and open to 
allow continuous flow when the peritoneovenous pressure gradi-
ent exceeds 5 cm H2O. The Denver Shunt is currently marketed by 
the CareFusion Corporation (3750 Torrey View Court, San Diego, 
CA 92130); the LeVeen Shunt is no longer in production. The Den-
ver Shunt it is offered in two French sizes and with either a single 
or a double valve. These one-way (unidirectional) valves prevent 
the reflux of blood into the venous limb of the shunt. The second 
valve acts as a “check valve” to prevent reflux of ascitic fluid or 
blood from the venous limb of the shunt into the valve chamber 
while it is refilling following compression “pumping.” Therefore, 
the two-valve model is more effective at preventing reflux and is 
the shunt most commonly placed; however, the one-valve shunt 
should be chosen when the ascitic fluid is very viscous or when 
the daily production of ascites is unusually large. The venous limb 
of the shunt can be obtained with either 11.5-or 15.5-Fr tubing 
(catheter). The smaller tubing may be chosen when the shunt 
is placed via the subclavian vein, where the larger tubing may 
occlude the vein as it passes between the first rib and the clavicle, 
or via the saphenous vein, where larger tubing may cause venous 
obstruction or patient discomfort. Overviews of the indications, 
contraindications, preprocedure testing, and patient management 
related to the PVS are summarized in ▶ Table 8.2.

Procedure
We currently prefer to admit the patient for overnight observa-
tion after Denver Shunt placement. The shunt is routinely placed 
under moderate sedation. Broad-spectrum prophylactic antibiot-
ics are given before the procedure and for 7 to 10 days after the 
procedure. The compressible valve must be placed over a firm, 
immobile area of the rib cage or sternum (▶ Fig. 8.1). The venous 

access can be jugular, subclavian, or saphenous; it is preferable 
to use the small-caliber catheter (11.5 Fr) when opting for a sub-
clavian or saphenous access because the larger caliber catheter 
(15.5 Fr) can become occlusive in these veins. Operative patient 
preparation and nuances of the shunt placement are presented in 
▶ Fig. 8.2, ▶ Fig. 8.3, ▶ Fig. 8.4, and ▶ Fig. 8.5.

Patients are discharged with prescriptions for oral analgesics 
and antibiotics; a contact phone number; and most important 

Table 8.2  Peritoneovenous Shunt

Diagnostic indications None

Therapeutic indications Chest pain, respiratory compromise, anorexia, abdominal pain or pressure (including abdominal compartment 
syndrome) secondary to ascites, HRS

Absolute contraindications Hyperfibrinolysis, disseminated intravascular coagulopathy, acute abdomen that requires surgery, sepsis, morbid 
obesity, end-stage renal disease requiring dialysis, septation of the peritoneal cavity caused by previous infection or 
surgery, abdominal wall cellulitis, SBP

Relative contraindications Lack of access to health-care provider to oversee daily maintenance of shunt, likelihood of receiving a liver transplant

Preprocedure Laboratory Testing16

INR Routinely recommended

aPTT Routinely recommended for patients receiving IV UFH

Platelet count Not routinely recommended

Hematocrit Not routinely recommended

Preprocedure Patient Management16

INR > 2.0 Threshold for treatment (i.e., FFP, vitamin K)

PTT and Hct No consensus

Platelet count < 50,000/μL Transfusion recommended

Clopidogrel Withhold for 5 days before procedure

Aspirin Do not withhold

LMWH Withhold one dose before procedure

aPTT: activated partial thromboplastin time; FFP: fresh-frozen plasma; Hct: hematocrit; HRS: hepatorenal syndrome; INR: international normalized 
ratio; IV: intravenous; LMWH: low-molecular-weight heparin; SBP: spontaneous bacterial peritonitis; UFH: unfractionated heparin.

Fig. 8.2  Denver Shunt valve placed over the costochondral margin of 
the right lower rib cage so that the valve can be compressed over an 
immovable structure.
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Fig. 8.3  Paracentesis in right lower quadrant (1); right 
internal jugular vein access (2); puncture from the right 
lower rib margin to the right lower quadrant peritoneal 
cavity (3); Denver Shunt catheter drawn through a 
subcutaneous tract between the peritoneal cavity access 
(4a) and the right internal jugular vein dermatotomy (4b); 
arrow points to the Denver Shunt valve that has been drawn 
into a pocket created over the right costochondral margin.

Fig. 8.4  (a) Denver Shunt valve has been pulled into a subcutaneous pocket. The 
peritoneal limb of the shunt is ready to be introduced into the peritoneal cavity 
into which a stiff guidewire has been introduced via the Seldinger technique using 
the zig-zag technique to lessen the chance of fluid leak along the catheter track. 
(b) Fluorocapture of the peritoneal track being dilated before introduction of the 
peritoneal limb of the shunt. Note the position of the shunt valve.

of all, instructions on how and when to compress the shunt 
pump. We recommend a return visit in 2 to 3 weeks to make sure 
everything is proceeding properly. It is vitally important that the 
venous limb of the shunt is compressed while pressure on the sin-
gle-valve chamber is released (not while it is being compressed). 
If this is not done, blood will be drawn by negative pressure into 
the venous limb and eventually the shunt chamber. This point is 
stressed in the instruction manual that the company supplies for 
the patient. It is a good idea to highlight this paragraph and read it 
to the patient and caregiver. Moreover, flow through the shunt is 
affected by patient position. Maximal flow will occur in the supine 

position, significantly less if the head and shoulders are elevated 
45 degrees, and little or no flow if the patient is upright or sit-
ting in a chair. Therefore, manual pumping of the chamber should 
only be performed while the patient is in the supine position. The 
most frequently encountered problem is that the patient or care-
giver is not pumping the valve properly or frequently enough. It 
is imperative that the interventional radiologist invests sufficient 
time to make sure they understand how to pump the shunt prop-
erly before the patient is discharged. A recommended practice is 
to have the patient, caregiver, or both describe their maintenance 
methods at the time of discharge and on each return visit.
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Shunt Evaluation and Repair
It is important to be able evaluate the Denver Shunt and its com-
ponents.14 A shunt chamber that is firm and difficult to compress 
indicates an obstruction of the venous limb or coagulated blood in 
the chamber. A shunt chamber that is slow to refill after compres-
sion indicates an obstruction of the peritoneal limb. Flow within 
the limbs of the shunt can be evaluated by Doppler ultrasonog-
raphy. When it is necessary to access the shunt for diagnostic or 
therapeutic purposes, it is best to use a noncoring needle such 
as a Huber needle or an 18-guage Chiba needle with the stylet 
in place. These can be placed into the shunt chamber and either 
limb without causing significant damage. Contrast can be injected 
to identify and dislodge any accumulated material blocking the 
valve or limbs. To rule out reflux caused by valvular damage, 
the  venous limb of the shunt should be compressed cephalad 
to the needle while contrast is injected. Contrast reflux into the 
valve or from the valve into the peritoneal limb will identify a 
defective valve that requires replacement. Injection of contrast 
into the shunt limb below the valve should reflux into the perito-
neal cavity when the limb is compressed between the needle and 
the valve or flow through the valve if compressed caudad to the 
needle puncture site. These infusions should flush out debris that 
was blocking the shunt system. Shunt function should be restored 
after repriming the system by pumping the valve. A guidewire 
placed into the shunt limb through the Chiba needle will most 
often dislodge debris that is blocking the lumen. If the peritoneal 
limb of the shunt becomes lodged between bowel loops or inflam-
matory adhesions, the shunt catheter should be repositioned 
using means similar to those used to reposition peritoneal dialysis 
catheters. Furthermore, the peritoneal and venous limbs can be 
replaced and repositioned if the attempts to recanalize them are 
unsuccessful. It may be possible to fibrinolyze the clotted blood in 
the pump chamber that cannot be removed otherwise by directly 
injecting tissue plasminogen activator into the clot. Replacement 
pumps are not sold separately, but it should be possible to replace 
the defective pump while retaining the functioning venous and 
peritoneal limbs by splicing a new pump to the existing limbs 
using nylon tubing connectors available from the manufacturer.

Care after Denver Shunt placement should include observa-
tion for consumptive coagulopathy or disseminated intravascular 
coagulopathy (DIC) and fluid overload. A hematocrit; DIC profile 
(DIC Screen), which includes prothrombin time (PT), active par-
tial thromboplastin time (aPTT), fibrinogen, d-dimer, and ATIII 
activity; serum creatinine; and measurement of 24-hour urine 
volume should be performed. The author sees the patient in 7 
to 10 days for a postoperative evaluation and counseling. More 
information about Denver Shunt design, care, and management is 
available at the manufacturer’s website.15

Clinical Pearls: Ascites
•	 Ascites is a sign of very serious cirrhotic liver failure.
•	 It is associated with an up to 50% mortality in 12 to 24 months 

after diagnosis.
•	 Elevated hepatic sinusoidal pressure results in an increase in 

venous blood flow and therefore increased lymph formation 
that exceeds the flow rate that can be transported by the 
thoracic duct into the central venous system, resulting in fluid 
leaks into the peritoneal cavity (i.e., ascites).

•	 Salt restriction and diuretics are the first-line therapy.
•	 Salt restriction alone may be sufficient for 10% to 15% of 

patients.
•	 An insufficient response to sodium restriction and diuretic 

therapy is termed diuretic-resistant ascites.
•	 The occurrence of diuretic-induced complications such 

as hyperkalemia, hyponatremia, renal insufficiency, and 
hepatic encephalopathy is termed diuretic intractable 
ascites.

Clinical Pearls: Large-Volume 
Paracentesis
•	 Paracentesis was the only treatment available for ascites from 

the time of Hippocrates until the advent of dietary sodium 
restriction and oral diuretics in the 20th century.

Fig. 8.5  Note abdominal swelling as normal saline is being 
introduced into peritoneal drain (1); marks on the skin to 
help identify location of pump valve for compression (2).
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•	 Complications, including hyponatremia, renal failure, 
severe infection, GI and abdominal wall bleeding, and 
paracentesis-induced circulatory dysfunction, occur in 20% 
to 50% of patients.

•	 The AASLD practice guideline suggests a single LVP of 4 to 6 L 
followed by dietary sodium restriction and diuretic therapy for 
tense ascites.

•	 The AASLD practice guidelines consider albumin infusion as 
optional for LVP of more than 5 L but do not recommend it for 
paracentesis of lesser volume.

Clinical Pearls: Paracentesis-
Induced Circulatory Dysfunction
•	 The main feature of PICD is a marked activation of the renin–

angiotensin and sympathetic nervous system without changes 
in plasma volume, heart rate, or hematocrit.

•	 PCID is predominantly caused by an accentuation of the arte-
riolar vasodilation already present in untreated patients with 
cirrhosis who have ascites.

•	 PICD is associated with increased levels of renin and 
norepinephrine and is associated with a significant reduc-
tion in systemic vascular resistance and an increase in the 
HVPG.

•	 The role of plasma expanders such as albumin after paracen-
tesis is to maintain the circulatory status and to prevent the 
subsequent activation of the renin–angiotensin and other 
vasoconstrictor systems.

Clinical Pearls: Peritoneovenous 
Shunt
•	 PVS is associated with a higher incidence of SBP, which may 

jeopardize future LT.
•	 Some LT surgeons endorse PVS as a bridge to LT.
•	 High Childs-Pugh and MELD scores predict a reduced benefit 

from PVS.
•	 End-stage renal failure requiring dialysis, sepsis, uncorrectable 

coagulopathy, morbid obesity, and septation of the peritoneal 
cavity caused by previous infection or surgery are contraindi-
cations to PVS.

•	 HRS and liver function have been reported to improve after 
PVS placement.

Clinical Pearls: Spontaneous 
Bacterial Peritonitis
•	 SPB is the infection of previously sterile ascitic fluid.
•	 SBP has no intraabdominal source.
•	 SBP is thought to result from intestinal bacteria crossing the 

bowel wall into the peritoneal cavity.
•	 The incidence of SBP is as high as 30% in patients with cirrhosis 

admitted to the hospital.
•	 SBP must be distinguished from secondary bacterial peri-

tonitis which may require surgery or additional IR drainage 
procedures to control.

Clinical Pearls: Disseminated 
Intravascular Coagulopathy 
(Consumptive Coagulopathy)
•	 DIC, which is characterized by widespread activation of 

coagulation resulting in thrombotic occlusion of small- and 
medium-sized blood vessels, may present as severe bleeding.

•	 DIC may occur in 30% to 50% of patients with gram-negative or 
-positive sepsis.

•	 Cell-specific membrane components of the microorganism 
may activate the cytokine network because of sepsis, trauma, 
cancer, vascular and immunologic disorders, and toxins.

•	 There is no single laboratory test that can diagnose or rule out 
the diagnosis of DIC.
•	 Severe liver disease and DIC have the same laboratory 

characteristics.
•	 Clinical studies have shown that hypofibrinogenemia and 

schistocytes on blood smear are diagnostically useful in very 
severe cases.

•	 A continuous infusion of low-dose heparin (300–500 U/hr) is 
probably useful in severe cases.

•	 High doses of antithrombin III have resulted in a significant reduc
tion of mortality in a meta-analysis of nonrandomized trials.
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Chapter 9: Surgical Management of Portal Hypertension
Kaj H. Johansen

Introduction
In the 15 years since publication of the second edition of this 
book, the once preeminent role of the general surgeon in the 
management of portal hypertension (PHT) has virtually vanished. 
The ever-wider application of percutaneous catheter–based 
portal decompressive methodologies, more aggressive pharma-
cologic and endoscopic approaches, and the maturation of liver 
transplantation into a technically feasible and predictably suc-
cessful treatment for end-stage liver disease have supplanted the 
role of the general surgeon in the contemporary management of 
patients with bleeding varices. Randomized trial evidence that 
percutaneous transjugular intrahepatic portacaval shunt (TIPS) 
construction results in survival and variceal rebleeding outcomes 
equivalent to those after surgical shunt underscored this progres-
sion.1 Portosystemic shunt and esophagogastric devascularization 
procedures, for a half century the mainstay of the management of 
patients with cirrhosis and PHT, are now so rarely performed that 
few currently active general surgeons have carried any of them 
out in the past quarter century. Such operations are no longer 
even part of the training curriculum for general surgery residents.

This chapter is, therefore, to a substantial degree a reflection on 
general surgeons’ historical involvement with the management 
of PHT and a testimonial to the inexorable advance of medical 
technologies. Others have offered similar valedictories.2 Herein 
are archived general principles about the various types of portal 
decompressive shunts and devascularization procedures, perhaps 
of occasional contemporary use when the interventional radiology 
team is out of town and the airport is closed by bad weather or 
perhaps in the developing world where well-stocked angiography 
suites are rare but technically skilled surgeons are not.

General Considerations
The major complications associated with hepatic cirrhosis and 
PHT include gastrointestinal (GI) tract hemorrhage, ascites, hyper-
splenism, hepatic encephalopathy, and liver failure. The last two 
complications are commonly progressive and irreversible and, as 
markers for advanced liver disease, are indications for considera-
tion of transplantation—a topic discussed elsewhere in this text.

Studies of the natural history of cirrhosis and PHT suggest that 
esophagogastric varices will develop in approximately 30% of 
patients with compensated cirrhosis and in 60% of patients with 
decompensated disease.3 The risk of bleeding from large varices 
is 20% to 30% per year. After an initial bleed, the risk of rebleed-
ing is 75% to 80%, with the highest risk being within the first 6 
months to 1 year. Acute variceal bleeding carries a mortality rate 
of approximately 30% (range, 15%–50%), with most deaths occur-
ring in poor-risk Child class C patients as the consequence of pro-
gressive liver failure.

Pathophysiologic studies of portal venous pressure have yielded 
several important observations: (1) normal portal venous pres-
sure is 5 to 7 mm Hg; (2) variceal bleeding does not occur until 
the portal venous pressure exceeds 12 mm Hg; and (3) reduction 
of the portosystemic pressure gradient by 50%, or to an absolute 

pressure of ≤12 mm Hg, generally prevents variceal bleeding. PHT 
is defined as a portal pressure of greater than 10 mm Hg.

A majority of patients with PHT present with upper (or lower) 
GI tract hemorrhage from esophageal, gastric, hemorrhoidal, or 
stomal varices or from portal hypertensive gastropathy. In West-
ern countries, the leading cause of portal hypertensive bleeding 
remains alcoholic liver disease; in developing countries, such 
hemorrhage arises most commonly as a consequence of various 
infectious disorders (viral hepatitis, schistosomiasis).

After the source of GI tract hemorrhage has been identified as 
portal hypertensive in origin, proper initial management includes 
blood and volume restitution, pharmacologic modification of 
portal venous pressure, and (for upper GI bleeding) endoscopic 
therapy by variceal sclerotherapy or banding. Because variceal 
rebleeding in this setting is commonplace, one or another form 
of percutaneous transjugular or direct TIPS construction is war-
ranted. Transfer to a center where such procedures are frequently 
performed may be necessary.

Because anesthesia, major surgery, blood loss, and diversion of 
hepatic portal blood flow are tolerated poorly by decompensated 
Child class C cirrhotics, whenever possible, patients with persis-
tent jaundice, intractable ascites, spontaneous encephalopathy, 
and advanced muscle wasting are better managed by endoscopic 
variceal therapy or banding or TIPS (or, when appropriate, 
orthotopic liver transplantation). Not all such patients are irre-
versibly ill; temporary control of bleeding followed by vigorous 
nutritional and metabolic resuscitation frequently can improve 
Child class and prognosis in patients with cirrhosis and therefore 
improve their likelihood of long-term survival. Similarly, docu-
mented abstinence from alcohol for 6 to 12 months in a previ-
ously recalcitrant alcoholic with cirrhosis makes consideration of 
liver transplantation ethically reasonable.4

Another important prognostic feature is the presence of a sig-
nificant coagulopathy, defined as an international normalized 
ratio greater than 1.8 despite correction with blood products. 
Such patients have an excessive risk of intra- and postoperative 
hemorrhage, and surgery should be withheld. Thrombocytope-
nia from hypersplenism is commonplace in patients with variceal 
bleeding, with platelet counts commonly around 60,000/mL. Suc-
cessful portal decompression generally reverses hypersplenism 
and restores platelet counts to normal levels.5

Special concerns accompany the anesthetic management of 
the patient with cirrhosis, especially those undergoing shunts 
or liver transplantation.6,7 Generalized arteriovenous shunting in 
these patients may involve the pulmonary circulation, resulting 
in significant hypoxemia. Hepatocellular dysfunction may result 
in slowed clearance of anesthetic agents and sedatives that are 
normally metabolized by the liver. Cirrhosis is associated with 
an upregulation of benzodiazepine receptors in the brain, thus 
making the use of such sedative agents relatively contraindicated. 
Fluid and electrolyte disorders, such as extracellular volume 
excess, respiratory alkalosis, and total body potassium deficiency, 
can be anticipated. Repletion of blood volume in an actively 
bleeding patient may result in numerous problems with volume 
shifts and dilutional coagulopathy. Endotracheal intubation of 
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a patient who has recently bled is fraught with the risk of aspi-
ration of gastric contents—a problem that may be exacerbated 
when concurrent ascites results in significantly raised intraab-
dominal pressure.

Intravenous vasopressin or octreotide predictably diminishes 
portal pressure and may be administered, especially for the acute 
control of bleeding. However, coronary vasoconstriction leading 
to myocardial ischemia (perhaps worsened by alcoholic cardio-
myopathy) can result from administration of vasopressin. Con-
current administration of nitroglycerin with vasopressin may sig-
nificantly reduce the latter agent’s coronary vasoconstrictive side 
effects. The plasma volume of a patient with hypoalbuminemia 
and sodium excess should be restituted using a noncrystalloid 
volume replacement, such as plasma, albumin, or hetastarch.

Patients with variceal hemorrhage often are both acutely and 
chronically ill, with multiple medical comorbidities compli-
cating their hospital course and the conduct of any procedure 
performed. Their appropriate treatment(s) will depend on many 
factors, such as the cause of PHT, the urgency with which variceal 
hemorrhage must be treated, and the patient’s clinical status. The 
patient’s clinical status may change significantly for better or for 
worse, so therapeutic options may develop or be eliminated by 
the passage of time and new clinical findings. Care in a center 
where all such options are available is optimal.

Acute Management of Recalcitrant 
Variceal Bleeding
A certain percentage of patients may experience early recurrence 
of bleeding or will have continued hemorrhage despite vasopres-
sin or octreotide administration and endoscopic variceal sclero-
therapy or banding. Virtually all such early recurrent or persistent 
bleeding can be controlled with esophagogastric balloon tampon-
ade. In fact, persistent bleeding in the face of these maneuvers 
raises the likelihood of a nonvariceal bleeding source such a peptic 
ulcer diathesis, postsclerotherapy ulceration, or a Mallory-Weiss 
tear. In a patient whose bleeding is temporarily controlled by bal-
loon tamponade, definitive portal decompressive management 
must be planned within the next 48 to 72 hours, by which time 
balloon tamponade must be discontinued.

Emergent Management of Active 
Variceal Bleeding
Although general anesthesia and major surgery in a hypovolemic, 
malnourished, coagulopathic, chronically ill patient with cirrho-
sis might seem to result in an overwhelmingly elevated morbidity 
and mortality, Orloff and Bell successfully performed emergency 
side-to-side portacaval shunts (PCSs) in more than 450 patients.8 
Although the early post-shunt mortality rate was 16%, further 
variceal bleeding was eliminated, and the 5-year survival rate 
exceeded 70%. However, others have reported mortality rates of 
30% to 50% after emergency PCS surgery.

Today almost all such patients would optimally be treated ini-
tially with endoscopic therapy and then by TIPS, with immediate 
control of bleeding in virtually all such patients. However, when 
TIPS is performed on an emergency basis in actively bleeding 
patients who are inadequately resuscitated, the mortality rate 
remains excessive.

Devascularization Procedures
Laparotomy and transgastric staple transection of the esophagus 
may be the optimal approach for emergency control of esopha-
geal variceal bleeding in which endoscopic treatment has failed 
and for some reason TIPS is not feasible. Such a procedure is rapid, 
relatively straightforward, and effective (at least in the short 
term), and it does not significantly interfere with consideration 
of a shunt or liver transplantation if the patient survives to be a 
candidate for either (▶ Fig. 9.1).

Direct operative attack on bleeding esophageal and gastric 
varices has been a well-established therapeutic concept for more 
than a century. The aim is to reduce inflow to the bleeding gas-
troesophageal varices and is dependent on the extent of devascu-
larization, with better bleeding control being achieved with more 
extensive procedures.

Certain approaches, such as direct oversewing of variceal col-
umns after thoracotomy and longitudinal esophagotomy, are 
obsolete. Other variations on the devascularization theme com-
bine splenectomy; gastroesophageal variceal plexus ligation; and 
occlusion of the coronary, gastroepiploic, and short gastric veins.9 
It is important that a sufficient length of esophagus (at least 7 cm)  
is mobilized to be devascularized from below the diaphragm. 
Moreover, gastric devascularization should totally devascularize 
the entire greater curvature and lesser curvature of the stomach 
in a manner similar in extent to a highly selective vagotomy. An 
extremely aggressive devascularization procedure, originally pro-
moted by Sugiura and Futagawa, entails a staged thoracotomy 

Fig. 9.1  Esophageal transection using the end-to-end anastomosis 
stapling device. The stapler is introduced into the distal esophagus via 
a high gastrostomy. The distal esophagus has been carefully dissected, 
with careful attention to the identification and preservation of the vagus 
nerves. A heavy monofilament suture is then tied around the “open” 
central rod of the stapler, after which the stapler is fired and removed. 
The tissue “donut” from the stapler, which is the area of the esophageal 
transection and reanastomosis, is checked for completeness, and the 
gastrostomy is closed.
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and laparotomy to perform splenectomy, esophageal mucosal 
transection, and a painstaking ligation of esophagogastric venous 
collaterals.10 The incidence of encephalopathy is 10% or less after 
devascularization but depends on the underlying liver disease 
and its severity.

Staple transection of the esophagus obviously does not treat 
gastric varices or portal hypertensive gastropathy. It may be ren-
dered more difficult or impossible to perform if the esophagus 
is edematous, inflamed, or scarred because previous endoscopic 
variceal therapy. Because the vagus nerves may be divided during 
esophageal transection, pyloroplasty may be required to prevent 
postoperative gastric outlet obstruction.

Devascularization procedures can be used for patients who 
have extensive portal venous thrombosis and who continue to 
have significant gastric or esophageal variceal bleeding despite 
pharmacologic and endoscopic therapy. Extensive devasculariza-
tion for these patients can reduce the risk of major bleeding for 
several years and may be the only reasonable therapeutic solution 
in bleeding patients who have no shuntable splanchnic vessels.

Portal Decompressive Shunt Surgery
Because variceal hemorrhage results from underlying PHT, 
reduction of portal pressure to normal physiologic levels invar-
iably halts such bleeding. Bypassing splanchnic venous outflow 
obstruction by connecting the hypertensive portal system to the 
systemic venous circulation, either directly or by means of vari-
ous autogenous or synthetic conduits, once proved to be a highly 
effective means of halting variceal hemorrhage.

In 1877, Eck performed the first PCS in dogs. Pavlov et al per-
formed the first substantive investigations of the metabolic 
effects of portosystemic shunts in 1893. Vidal, in 1903, performed 
the first PCS in a patient with ascites. The patient died 4 months 
later, probably from sepsis, liver failure, and encephalopathy. A 
resurgence of interest in total portosystemic shunts paralleled 
the beginning of arterial reconstructive surgery in the 1940s and 
1950s, and such procedures, usually end-to-end or side-to-side 
PCS, became commonplace therapy for patients with variceal 
hemorrhage in the two decades after the Second World War.11

Several complicating factors became evident. A characteristic 
neuropsychiatric disorder of memory loss; altered levels of con-
sciousness; behavioral changes; and (in its advanced stages) stu-
por, coma, and death was noted to be a frequent and unpredictable 
result in patients who had undergone portosystemic shunt.12 This 
syndrome, hepatic or portosystemic encephalopathy (“hepatic 
coma”), remains incompletely understood and, in varying degrees, 
has continued to plague all forms of portal decompression. Pavlov 
had shown that dogs undergoing PCS become listless and anorec-
tic, suffer premature death, and have hepatic atrophy at autopsy. 
Extensive investigations in the 1950s and 1960s, summarized most 
elegantly by Starzl et al, suggested that an equivalent phenomenon 
in humans undergoing PCS, accelerated hepatic atrophy and pro-
gressive loss of hepatocellular function occur because diversion of 
portal flow deprives the liver of a splanchnic venous trophic factor 
(insulin seemed a likely candidate) necessary for normal hepato-
cellular function and regeneration.13

General acceptance of the “hepatotrophic theory,” combined 
with the demonstration that PCS improved survival only mini-
mally in prospective randomized trials, led to a significant decline 
in the performance of PCS after the 1980s. Recognizing, on the 

one hand, the ability of PCS to control bleeding but, on the other 
hand, the evident advantage of maintaining portal perfusion fol-
lowing devascularization procedures, Warren et al introduced 
the concept of selective shunts for variceal decompression in 
the 1960s.14 Even later, in the 1980s, the concept of partial PCSs, 
designed to lower portal pressures to nonbleeding but not “sub-
normal” levels, was advanced.

Three types of surgical decompression have been used to treat 
gastroesophageal varices. All aim to reduce variceal pressure 
and provide durably effective control of variceal bleeding. Total 
shunts divert all portal venous blood flow from the liver, selective 
shunts divert only the gastric and splenic components of portal 
flow, and partial shunts reduce the portal pressure but may main-
tain some portal flow. The more central the shunt, the greater the 
continuing patency rate—because of the high flow—but the more 
certain is loss of first-pass portal perfusion of the liver. Use of 
prosthetic materials increases the risk of thrombosis. Factors that 
determine the choice of shunt are technical feasibility based on 
preoperative evaluation of the splanchnic vessels, the surgeon’s 
preference and experience, and the subsequent possibility of liver 
transplantation.

Operative approaches to each of these procedures will not be 
described in great detail but will be diagrammed; specifics can 
be found in reference texts. The key steps are adequate operative 
exposure of the vessels to be connected and careful operative 
technique in fashioning the veno-venous anastomoses. The over-
all perioperative management of the condition of patients with 
underlying cirrhosis and impaired liver function is the other key 
factor in a successful outcome.

Total Portosystemic Shunts
The goal of a total portosystemic shunt is complete portal decom-
pression. Theoretically, such shunts have the highest likelihood 
of protecting against further variceal rebleeding. Total shunts 
include PCSs, mesocaval shunts, and proximal or central spleno-
renal shunts. The shunts are usually 15 to 25 mm in diameter 
(▶ Fig. 9.1; ▶ Fig. 9.2; ▶ Fig. 9.3; ▶ Fig. 9.4; ▶ Fig. 9.5).

In experienced hands, the patency rate of PCSs is more than 
90%, with excellent control of variceal bleeding. In some 1700 
PCSs performed by Orloff, fewer than 10 (<0.1%) have been 
associated with proven variceal rebleeding (Orloff MJ, personal 
communication). However, others have reported higher rebleed-
ing rates, ranging from 3% to 17%. Shunt failure, when it occurs, 
almost always results from an attempt to anastomose a partially 
or completely thrombosed portal vein to the inferior vena cava 
(IVC) rather than performing an alternative portal decompressive 
procedure.

Unfortunately, total PCS is associated with a substantial risk 
of encephalopathy (30%–50%) and acceleration of liver failure. 
Notwithstanding the fact that a number of such patients with 
postoperative neuropsychological deterioration can be treated 
medically (protein-restricted diet, oral antibiotics, and/or lactu-
lose) with mitigation of symptoms, most authorities discouraged 
and discarded this particular shunt construction.

Drapanas et al theorized that a conduit from a tributary of the 
portal vein (such as the superior mesenteric vein [SMV]) to the 
systemic venous circulation might preserve prograde portal flow 
(and continued hepatic portal perfusion) and still afford ade-
quate portal decompression and protect against further variceal 
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Fig. 9.2  Classic end-to-side total portacaval shunt. An extensive Kocher 
maneuver is needed to expose the infrahepatic inferior vena cava (IVC). 
Then the portal vein is exposed, generally by incising the peritoneum 
over the lateral hepatoduodenal ligament. Mobilization of the portal 
vein may require suture ligation of any large side branches, such as 
the coronary vein(s) and the large posterolateral portal vein tributary 
from the head of the pancreas. Then the main portal vein is divided. 
The hepatic limb of the portal vein near the hilum is suture ligated. The 
splanchnic end of the main portal vein is directly anastomosed to the 
IVC. Note that the coronary vein is not ligated.

Fig. 9.3  Classic side-to-side total portacaval shunt (PCS). The inferior 
vena cava (IVC) and portal vein are exposed in the same manner as 
for the end-to-side PCS. If necessary, part of the often-hypertrophied 
caudate lobe is resected. A parallel cavotomy and portal venotomy 
are performed. The anastomosis is accomplished by apposition of the 
anterior and posterior walls of the IVC to the portal vein using 4-0 or 
5-0 monofilament sutures.

Fig. 9.4  Total mesocaval shunt: (a) the classic Clatworthy type divides the inferior vena cava (IVC) just above the iliac vein confluence. 
The distal end is suture ligated, and the proximal end is rotated medially and anastomosed to the superior mesenteric vein in an end-
to-side fashion. (b) Alternatively, an interposition prosthetic graft is interposed between the superior mesenteric vein and the IVC.
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hemorrhage.15 Development of the prosthetic interposition meso-
caval shunt quickly followed. Although mesocaval shunts con-
tinue to be performed, their long-term efficacy is questionable. 
Initially constructed using large-caliber Dacron grafts, mesocaval 
shunts resulted in slow flow through a thrombogenic synthetic 
conduit, with predictable shunt thrombosis and variceal rebleed-
ing. Interposition of autologous tissue (most commonly internal 
jugular vein) as mesocaval graft was shown to produce the high-
est likelihood of long-term patency.16 Importantly, the underlying 
premise that hepatic portal venous perfusion can be preserved 
by a mesocaval shunt has not been borne out; such patients have 
a likelihood of postoperative complications equivalent to that of 
patients undergoing standard PCS.

Portacaval Shunt
The relative anatomic proximity of the portal vein and the IVC 
makes direct anastomosis between the two relatively technically 
straightforward. Extensive venous collaterals may be found in 
the subcutaneous tissue of the abdominal wall while performing 
the initial incision. Abdominal exploration generally will reveal 
ascites, a substantially enlarged spleen, fragile portosystemic 
venous collaterals in the retroperitoneum, and a cirrhotic liver. 
The liver should be examined carefully for concurrent hepato-
cellular carcinoma, especially in patients with a history of hep-
atitis. Extreme caution must be adopted in dissecting medially 
beneath the common bile duct because one to four large, frag-
ile, high-pressure coronary veins reside there and are extremely 
difficult to control if inadvertently avulsed.

End-to-side PCS (▶ Fig. 9.2) is performed by dividing the portal 
vein as close to the hepatic hilum as possible, preferably even by 
dividing the right and left portal veins just cephalad to the portal 

vein bifurcation. This usually permits a relatively tension-free 
anastomosis to the side of the infrahepatic IVC. The portacaval 
anastomosis is constructed between the end of the portal vein 
and the IVC. If total decompression is intended, the target porta-
caval pressure gradient (portal vein pressure minus IVC pressure) 
should not exceed 5 mm Hg.

The side-to-side PCS (▶ Fig. 9.3) is believed by some to be tech-
nically more difficult than end-to-side shunt because increased 
tension between the two vessels to be anastomosed may result 
from the distance between them or by the intervening hypertro-
phied caudate lobe of the liver. This, in fact, should rarely be a 
problem. Complete dissection of an adequate length of portal vein 
and IVC and resection (if necessary) of some of the caudate lobe 
should permit a tension-free side-to-side portacaval anastomo-
sis. The shunt is constructed by performing a longitudinal anter-
omedial cavotomy and a posterolateral portal venotomy as close 
to the liver as possible. Each venotomy should be 2.5 to 3.0 cm in 
length. The venotomies are then anastomosed with fine mono-
filament vascular suture, “parachuting” down the posterior wall 
after initial suture placement.

Circumstances in which a standard total PCS may be warranted 
have classically included the need for emergency portal decom-
pression, the treatment of acute Budd-Chiari syndrome uncom-
plicated by retrohepatic caval obstruction, and in rare cases of 
refractory ascites.

Mesocaval Shunt
Connecting the SMV and the IVC was initially thought to offer 
the possibility of variceal decompression while simultaneously 
preserving portal perfusion of the liver. This is now known to 
be untrue; the mesocaval shunt (▶ Fig. 9.4) is hemodynami-
cally equivalent to a total PCS. The procedure is carried out by 
dissecting out the SMV at the base of the great mesentery and 
the anterior surface of the infrarenal IVC after a generous Kocher 
maneuver of the duodenum. An autogenous or, more commonly, 
a prosthetic graft is passed between the two vessels through a 
plane traversing the C-loop of the duodenum followed by end-to-
side anastomoses of the graft to the SMV and the vena cava. Relief 
of ascites and hypersplenism and acceleration of encephalopathy 
and liver decompensation are equivalent for mesocaval shunts as 
for other total portal decompressive procedures. The lower inci-
dence of encephalopathy observed in some series probably relates 
to the higher likelihood of thrombosis of mesocaval shunts.

An alternative, rarely performed autogenous mesocaval shunt 
designed by Clatworthy uses the divided and medially rotated 
IVC as the decompressive shunt (▶ Fig. 9.4). This has uncommonly 
been constructed except in children.

Central Splenorenal Shunt
The central splenorenal shunt is hemodynamically equivalent 
to a standard PCS or mesocaval shunt (▶ Fig. 9.5). The central 
splenorenal shunt is generally performed through a midline lapa-
rotomy or a transverse left upper quadrant incision. Splenectomy 
is performed, and the splenic vein is dissected centrally from its 
intimate attachment to the back of the pancreas. The left renal 
vein is exposed from beneath the pancreas and the transverse 
mesocolon. Gonadal or adrenal tributaries of the renal vein may 
be ligated and divided to free up this vessel. An end-to-side anas-
tomosis of the splenic vein to the upper surface of the left renal 

Fig. 9.5  The central splenorenal shunt. After splenectomy, the 
mesenteric end of the splenic vein is anastomosed to the anterosuperior 
aspect of the left renal vein in an end-to-side fashion.
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vein is then accomplished, making sure that the splenic vein is 
not kinked acutely around the lower border of the pancreas. Sim-
ilar to the mesocaval shunt, the central splenorenal shunt has the 
advantage of effective portal decompression without involving 
the hilum of the liver. Notwithstanding early hopes to the con-
trary, this is a totally decompressing shunt, with the same risk of 
encephalopathy and accelerated liver failure as a PCS.

Selective Shunts
Despite their excellent and virtually permanent protection 
against variceal rebleeding, total portosystemic shunts may result 
in accelerated liver failure as well as an increased risk of portosys-
temic encephalopathy. Warren et al designed the distal spleno-
renal shunt to provide isolated or “selective” decompression of 
the gastroesophageal variceal plexus, with preservation of portal 
venous perfusion to the liver.14

The distal splenorenal shunt (▶ Fig. 9.6) has two parts: anas-
tomosis of the splenic end of the divided splenic vein to the left 
renal vein and meticulous ligation and division of all potential 
venous collaterals between the portomesenteric and gastro
splenic venous beds. The splenic vein is dissected away from the 
pancreas from above and behind (through the lesser sac) or from 
below the lower border of the pancreas, after which it is anas-
tomosed end to side to the upper aspect of the left renal vein. 
Initial reports suggested dissection of just enough of the splenic 
vein to permit its anastomosis to the left renal vein. However, 

subsequent finding that the low-pressure shunt attracts collater-
als from the high-pressure portomesenteric circulation through 
the pancreatic “siphon” led to the modification of splenopancre-
atic dissociation, in which meticulous dissection, ligation, and 
division of all connections between the pancreas and the splenic 
vein are performed throughout its entire length. Because the 
Warren shunt avoids the hepatic hilum, it is considered by many 
to be the optimal shunt in patients who may be liver transplant 
candidates in the future.

Distal splenorenal shunt became the portal decompressive 
approach of choice in many medical centers during the 1970s 
and 1980s. Variceal bleeding is controlled in more than 90% of 
patients, and the encephalopathy rate is 10% to 15%. The rate of 
encephalopathy appears to correlate primarily with the under-
lying disease and its progression. Prospective randomized com-
parisons of selective and total shunts have not demonstrated a 
survival advantage in patients undergoing selective shunt.

Distal splenorenal shunt cannot be performed in patients who 
have previously undergone splenectomy. It is also believed to be 
contraindicated in patients with ascites; with poor hepatocellu-
lar function (Child class C); or in circumstances in which preop-
erative angiography demonstrates abnormalities of the splenic 
or left renal veins, such as unfavorable anatomic displacement, 
diminutive vessel caliber, or areas of thrombosis. Because the 
procedure (especially with the addition of splenopancreatic dis-
sociation) is lengthy, it is generally not indicated as an emergency 
decompressive operation.

Partial Portosystemic Shunts
Partial portosystemic shunts are created as either a side-to-side PCS 
or mesocaval shunt with an interposed small diameter (8 to 10 mm) 
graft (venous or synthetic) or as a small-stomal side-to-side PCS.

The possibility that prograde flow could be maintained by 
forming a smaller, higher resistance portosystemic shunt was 
investigated initially by Marion et al and Bismuth et al. In the 
1980s, Sarfeh et al introduced the concept of the small-caliber 
polytetrafluoroethylene (PTFE) interposition H portacaval graft 
(▶ Fig. 9.7).17 By systematic studies, they showed that grafts of 
8 mm diameter reduced the portacaval pressure gradient to 12 
mm Hg while maintaining prograde portal flow in the portal vein 
in 83% of patients. Variceal bleeding was controlled in approx-
imately 90% of the cases, and the rate of encephalopathy was 
approximately 15%. However, shunt stenosis or occlusion has 
been a documented problem in 10% to 20% of cases. These can be 
treated with interventional radiologic techniques.

The portal interposition H graft of Sarfeh et al has the virtue of 
relative technical ease and the disadvantage of the placement of a 
thrombogenic prosthetic graft in the venous system. In this pro-
cedure, a 6- or 8-mm PTFE graft is interposed between the por-
tal vein and the anterior surface of the infrahepatic IVC. A direct 
small-caliber PCS avoids use of a potentially thrombogenic graft 
but may be slightly more technically difficult. The shunt is per-
formed in the same manner as a total PCS but, instead of a 2.5- to 
3.0-cm anastomosis, a much smaller cavotomy and portal venot-
omy are performed. A 12- to 15-mm venotomy generally results 
in a portacaval pressure gradient of 7 to 12 mm Hg.18,19 Collateral 
ligation is not considered important; persistent filling of varices 
post-shunt can be readily embolized using interventional radio-
logic techniques.

Fig. 9.6  The distal splenorenal (Warren) shunt. The splenic vein is 
divided near its confluence with the mesenteric vein. The mesenteric 
end of the splenic vein is suture ligated, as are the coronary vein, right 
gastroepiploic vein, and left gonadal vein. In addition, all small, fragile 
venous tributaries to the pancreas must be exposed and ligated. The 
other end of the splenic vein is rotated inferiorly and anastomosed to 
the anterosuperior aspect of the left renal vein in an end-to-side fashion.
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In 50 consecutive patients undergoing direct side-to-side 
small-stomal PCS and postoperative duplex ultrasonography, 
Johansen showed consistent loss of portal perfusion of the liver 
despite the relatively high resistance of the shunt (10 mm Hg port-
acaval pressure gradient).18,19 However, an incidence of encepha-
lopathy of only 6% in these patients suggested that maintenance 
of first-pass portal perfusion of the liver might not be relevant to 
the development of post-shunt encephalopathy. In a prospective 
comparison, patients undergoing partial portal decompression 
had a late mortality rate of 13% and an encephalopathy rate of 
8% compared with total shunt patients’ late mortality risk of 39% 
(P < 0.05) and an encephalopathy risk of 56% (P < 0.0001).18 All 
patients in both groups had lost portal perfusion of the liver at the 
time of postoperative duplex ultrasonography.

More recently, the need to avoid operating in the right upper 
quadrant in patients who might undergo a liver transplant in 
the future spurred a significant rebirth of interest in mesocaval 
interposition grafts. The current practice is to use an 8- to 10-mm 
ringed PTFE interposition conduit. Paquet et al have reported 
effective portal decompression with good durability and only a 
modest risk of postoperative PSE with this approach.20

Whether partially decompressing PCSs protect against enceph-
alopathy and liver failure by preserving prograde portal flow or by 
maintaining “physiologic” splanchnic venous pressures remains 
unclear. The unacceptably high incidence of post-shunt compli-
cations after total portal decompression and the ever-increasing 
technical complexity of the distal splenorenal shunt have resulted 
in increased interest in the concept of partial portal decompres-
sion when operative portal decompression is required. Interest-
ingly, selection of a 10-mm caliber for the standard TIPS stent was 

derived from prior studies of partial portal decompressive shunts 
(Ernest Ring MD, personal communication).

Special Circumstances
Budd-Chiari Syndrome
In patients with Budd-Chiari syndrome, congenital or acquired 
thrombotic occlusion of the hepatic veins or the suprahepatic 
vena cava leads to acute hepatic congestion, with severe right 
upper quadrant pain, massive ascites, and progressive hepatic 
dysfunction. It may be managed by interventional radiologic tech-
niques. When such measures are unsuccessful, operative therapy 
is warranted because the condition is otherwise often lethal. 
Bismuth and Sherlock demonstrated that relatively acute-onset 
Budd-Chiari syndrome, without massive centrilobular necrosis 
or scarring present on liver biopsy, can effectively be treated by 
operative portal decompression.21 When advanced hepatocellular 
destruction is present, optimal management of chronic Budd-
Chiari syndrome is orthotopic liver transplantation.

Careful imaging of the IVC is crucial in patients with Budd-
Chiari syndrome. If the IVC is patent, a side-to-side PCS may 
be performed. Others prefer a mesocaval shunt to avoid the sub-
hepatic scarring that might complicate later liver transplantation. 
In patients in whom there is caval obstruction at or above the 
level of the liver, PCSs will not work. However, a mesoatrial shunt, 
connecting the SMV to the right atrium or the right atrial append-
age, may satisfactorily decompress the portal system.22 Patients 
whose Budd-Chiari syndrome arises as a result of a hypercoag-
ulable state may be at higher risk for treatment failure because 
of a heightened risk of shunt or graft hepatic artery thrombosis.

Extrahepatic Thrombosis of the Portal Vein
Creating a TIPS in a patient with variceal bleeding caused by extra-
hepatic portal vein thrombosis may be very difficult, although 
advanced transcatheter techniques to disobliterate and recanalize 
the portal vein are increasingly successful. If such efforts fail and 
surgical portal decompression is required, it most commonly has 
been accomplished by central splenorenal or mesocaval shunt 
construction. Because hepatic function in patients with portal 
vein thrombosis frequently is either normal or only minimally 
diminished, these individuals may have excellent long-term 
prognoses.23

Almost all such patients requiring therapy for PHT are infants 
and children. Endoscopic therapy of bleeding esophageal varices 
in such patients is initially indicated and may be highly effective. 
But “breakthrough” hemorrhage, especially from gastric varices 
or portal hypertensive gastropathy, can be torrential; further-
more, hypersplenism can render these patients both severely leu-
kopenic and thrombocytopenic. Pediatric patients are usually not 
candidates for percutaneous transhepatic efforts at portal vein 
recanalization or other similar approaches, and standard portal 
decompressive shunts must be based on smaller portal tributaries 
such as the splenic or SMVs.

The Rex shunt (or bypass), originally developed as a solution to 
portal vein thrombosis in liver transplant patients, is an elegant 
solution to this problem. As demonstrated (▶ Fig. 9.8), a bypass 
graft is constructed from the SMV to the intrahepatic left portal 
vein in the Rex recess, thus simultaneously decompressing the 

Fig. 9.7  The small-caliber prosthetic H portacaval graft. The exposure of 
the vena cava and the portal vein are as for total end-to-side or side-to-
side portacaval shunts. The interposed polytetrafluoroethylene (PTFE) 
graft is constructed as short as possible.
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hypertensive splenomesenteric venous circulation and restoring 
prograde portal perfusion to the liver. Particularly when autoge-
nous vein is used, the Rex bypass has efficacy and long-term 
patency rates approaching 100%.24,25 The Rex bypass has not com-
monly been performed in adults with extrahepatic portal vein 
obstruction.

Patients with extrahepatic portal vein thrombosis in the pres-
ence of postnecrotic cirrhosis must be carefully screened by 
serum alpha-fetoprotein levels and hepatic imaging for pres-
ence of an underlying hepatocellular carcinoma. PHT resulting 
from diffuse splanchnic venous thrombosis, commonly arising 
as a result of a hematologic disorder, may be difficult to treat. In 
some circumstances in which the portal, splenic, and SMVs are 
diffusely thrombosed, the inferior mesenteric vein may be patent 
and can be anastomosed to the left renal vein.26 If this option is 
unavailable, devascularization by esophagogastrectomy or a vari-
ant of the Sugiura procedure may be the best option.27,28

In patients with cavernomatous transformation of the portal 
vein or diffuse mesenteric venous thrombosis, intraabdominal 
variceal collaterals may be huge. But the temptation to anasto-
mose one of these collaterals to the systemic venous circulation 
must be resisted because such “makeshift” shunts rarely remain 
patent.

Isolated Splenic Vein Thrombosis
The splenic vein may thrombose as a result of chronic pancreatic 
inflammation, usually secondary to alcoholic pancreatitis. In such a 
setting, an isolated left upper quadrant venous hypertension, man-
ifested by massive splenomegaly and gastric varices, may occur. 
Bleeding can be torrential, and pancytopenia caused by hyper-
splenism may be significant. Splenectomy is curative. Polyvalent 
vaccine directed against encapsulated bacterial species (pneumo-
coccus, Haemophilus influenzae, and Neisseria meningitidis) must 

be administered to diminish the risk of subsequent postsplenec-
tomy sepsis.

Surgical Management of  
Intractable Ascites
Ascites as a complication of PHT actually confers an even greater 
negative prognostic significance than does variceal bleeding. 
Ascites is usually a sign of decompensation of the underlying 
hepatic cirrhosis. Spontaneous bacterial peritonitis and hepato-
renal syndrome are known complications.

The pathogenesis of ascites includes a combination of PHT, 
altered renal sodium and water handling, and hypoalbumine-
mia. Initial management of ascites is primarily medical. Dietary 
sodium restriction to 1 to 2 g/day is implemented, along with the 
use of appropriate diuretics. Spironolactone (Aldactone) is the 
first-line treatment to counteract the secondary hyperaldoster-
onism. When ascites is refractory to medical management, the 
next line of treatment is serial large-volume paracentesis. This is, 
however, useful only for symptomatic relief. A total side-to-side 
portacaval or large-caliber mesocaval shunt (not a selective or 
partial shunt) would be expected to resolve intractable ascites 
but at an excessive mortality and morbidity risk. TIPS commonly 
results in resolution of intractable ascites29 and, not uncommonly, 
reversal of hepatorenal failure.30 Because, as noted, such patients’ 
liver function has deteriorated significantly, the risk of post
total shunt or post-TIPS hepatic encephalopathy is substantial, 
and orthotopic liver transplantation may be these patients’ best 
chance for long-term survival.

The use of surgically inserted peritoneovenous shunts for the 
management of intractable ascites has been abandoned over the 
past 25 years.
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Chapter 10: Percutaneous Management of Surgically  
Placed Portosystemic Shunts
Wael E.A. Saad

Introduction
The first line of treatment for acute recurrent gastroesophageal 
variceal bleeding is medical management with endoscopic band-
ing or sclerosis of varices. Where available, percutaneous trans-
jugular intrahepatic portosystemic shunts (TIPS) have largely 
replaced surgical shunting. Elective surgery is still preferred by 
some authorities for portal decompression in patients with rel-
atively good liver function (Child’s A) and who fail endoscopic 
treatment.1,2 These clinicians believe that surgical shunts are 
associated with longer periods of patency and a lower incidence 
of encephalopathy. They reserve the use of TIPS for Child’s B 
patients as a bridge to liver transplantation.

The most popular types of portal decompressive surgery 
include the placement of small-diameter interposition portocaval 
or mesocaval shunts and the splenorenal shunt.3

Shunt malfunction is usually the result of kinking, build-up of 
a thick mural thrombus, or complete thrombotic occlusion. The 
incidence of shunt occlusion is estimated to be 7% to 10%, based 
on rebleeding episodes, angiography, surgery, and autopsy.4 How-
ever, the true incidence of shunt stenosis is probably in the range 
of 30% or more, because shunts can become stenotic or occluded 
without recurrent variceal bleeding (hemodynamic stenosis with-
out clinical dysfunction). Percutaneous recanalization of dysfunc-
tional shunts is often such a simple operation that it should be 
considered a first–intention procedure for treating patients with 
active esophageal variceal bleeding.5 Moreover, adhesion and 
fibrosis around the surgical shunt may hinder surgical revisions 
of these surgically established portosystemic shunts.4

Diagnosis of Shunt Dysfunction
The evaluation of shunt patency is most commonly performed 
by Doppler ultrasound, which is reasonably accurate when shunt 
flow is visualized and when the cephalad segment of the supe-
rior mesenteric vein is noted to be wider than its caudal segment.6 
However, moderate shunt stenosis can be missed. Shunts may not 
be visible in the presence of intestinal gas and in large abdomens. 
Although magnetic resonance angiography and cross-sectional 
imaging are probably more accurate in defining shunt patency, 
these studies are not commonly used, especially if the patient is 
actively bleeding. In stable patients the author (WS) prefers por-
tal venous phase CT. Adjunct Doppler ultrasound to evaluate for 
patency and dysfunction of flow within the portal vein is also used.

When a patient with a history of having a surgical shunt is 
admitted with variceal hemorrhage and has failed endoscopic 
therapy, he or she should be considered for emergency percu-
taneous shunt catheterization.7–11 If the shunt is found to have a 
residual lumen, then it usually can be easily and safely reopened 
to lower the portocaval pressure gradient to a safe level. Recanal-
ization of a malfunctioning portosystemic shunt via the inferior 
vena cava (IVC) is safe, quick, and requires only standard catheter 
and angioplasty balloon technology. Stent placement is usually 

reserved for lesions that are recalcitrant to balloon angioplasty or 
have frequent recurrences after balloon angioplasty.

Indirect Portography
Celiac and superior mesenteric arteriography can be performed 
to assess the patency and hemodynamics of the shunt and portal 
circulation. At least 50 to 70 mL higher-concentration radiopaque 
media must be injected in each vessel to obtain good opacification 
of the portal system. For more precise visualization of H-shunts it 
is suggested that the mesenteric arteriogram be performed after 
an intraarterial vasodilator is instilled into the artery and imag-
ing performed in a left posterior oblique position. Opacification 
of the shunt and the IVC indicates some degree of patency, which 
can allow subsequent transcaval dilatation. The reverse is not 
true, because some hemodynamically occluded shunts can still 
be recanalized (see ▶ Fig. 6.3). Opacification of the IVC alone can 
occur through large natural splenorenal shunts and cannot there-
fore be of use as a sign of surgical shunt patency.

Shunt Catheterization Through 
the Inferior Vena Cava
It is important to obtain from the operative notes information on 
the type and location of shunts that were placed. Without such 
information it is difficult to assess from surgical clip patterns the 
site of shunt anastomosis into the IVC or renal vein (RV). Sur-
geons should be encouraged to place metal markers at the caval 
entrance of the graft into the IVC for later angiographic guidance, 
as recommended by Scudamore et al.2 If preliminary attempts at 
indirect shunt imaging have been successful in identifying the 
course of the shunt, then it is quite simple to catheterize it selec-
tively in a retrograde direction from the IVC or RV. Noninvasive 
imaging (such as contrast enhanced CT) is very important to 
plan for the shunt catheterization. The standard access site is 
the right femoral vein; it may at times be easier to catheterize 
splenorenal shunts from the right internal jugular vein approach. 
Cobra-shaped catheters are adequate for catheterizing H-shunts; 
hockey-stock or Simmons catheters are more useful for probing 
the cephalad wall of the left RV for splenorenal or adrenal shunts. 
The normal mean portosystemic venous pressure gradient should 
be less than 8 to 10 mm Hg. One should be alert to the fact that 
portal hypertension with variceal bleed can be caused in part by 
caval hypertension resulting from circumferential compression of 
the IVC by cirrhotic nodules.

If no shunt flow is demonstrable by imaging, then it is still pos-
sible to catheterize the shunt through either a residual pinpoint 
opening of the proximal anastomosis or through a soft occlu-
sive thrombus by careful methodical probing of the caval or RV 
wall around the expected location of the thrombus.7 If the shunt 
body is open but its distal anastomosis is severely narrowed or 
occluded by hyperplasia or kinking, this can also be quite easily 
catheterized.
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It is also possible to quickly assess the presence of a residually 
patent mesocaval shunt by a balloon occlusion technique. A 3-cm 
occlusion-balloon catheter (Meditech, Boston Scientific Corp., 
Natick, Massachusetts) is inserted into the IVC through a 9-French 
sheath next to a 5-French cobra catheter. After the balloon has 
been expanded to occlude the IVC just below the renal veins, a 
cavagram is performed through the other catheter. Any resid-
ual shunt channel should fill in a retrograde manner and allow 
immediate catheterization with the cobra catheter.

Treatment of Dysfunctional Shunts
Balloon Dilatation of the 
Malfunctioning Shunt
Most plastic interposition portocaval or mesocaval H-shunts are 
8 to 20 mm in diameter and can easily tolerate appropriately sized 
balloon dilatation on the caval side. For venous H-shunts, 8- to 
10-mm balloon dilatation is appropriate. On the distal mesenteric 
side of the shunt, the venous anastomosis can tolerate dilatation 
to 8 to 10 mm, depending on vessel size. Because of elastic recoil, 
careful overdilation is mandatory. One should not be too aggres-
sive in dilating recent shunt strictures because of potential anas-
tomotic dehiscence from suture breakage.9 Dilatation of stenotic 
veno-venous splenorenal shunt can be performed safely with 6- 
to 8-mm balloons.

Stenting of Strictured Shunts
The use of metallic stents has been described in only two case 
reports: one (11 mm) in a splenorenal and the other (12 mm) in a 
mesocaval shunt. Each had only a 4-month follow-up.12,13

Stents should be reserved for shunts that are recalcitrant to bal-
loon angioplasty or have a high frequency of recurrence (sympto-
matic restenosis within 3 months for angioplasty).

Emergency Variceal Embolization 
and Sclerosis
One of the most useful aspects of successful trans-shunt cathe-
terization is the ability to immediately access the gastroesopha-
geal varices for embolization/sclerosis. This procedure, in concert 
with shunt dilatation, will help bring about cessation of bleeding. 
Occlusion of varices is performed most quickly by inserting coils 
alternately with sclerosants and/or gelfoam.7

Embolization techniques are also performed to control severe 
encephalopathy. Ruff et al used transhepatic or trans-shunt 
embolization of varices to isolate the portal from the splenic 
venous systems in patients with distal splenorenal shunts.9 
Uflacker et al used a balloon catheter to occlude a mesocaval 
shunt from a femoral vein access.14 Koito et al showed that it is 
possible to sclerose bleeding gastric varices through surgical or 
spontaneous splenorenal or gastrorenal shunts.15 This effective 
technique requires balloon occlusion of the dilated suprarenal 
vein or surgical shunt to allow retrograde injection of ethanol or 
ethanolamine. Embolization and/or sclerosis of varicies associ-
ated with dysfunctional surgically placed portosystemic shunts 
should be no different from embolization and/or sclerosis associ-
ated with TIPS dysfunction.

Thrombolysis of Clotted Shunts
Acute shunt thrombosis occurring within 1 to 2 weeks postop-
eratively is probably the result of surgical error, external shunt 
compression, or kinking.2,3,11 Balloon angioplasty is ineffective 
because soft clot re-forms immediately after balloon dilatation. 
Reports have been published on thrombolytic therapy of the 
occluded shunt followed by angioplasty of portocaval (n = 1), and 
mesocaval (n = 1) shunts.7,8 Streptokinase (Astra-Merck, Wayne, 
Pennsylvania; 4000 U/hour for 2 days) was used in one case.  
In the other, urokinase (Abbott Lab, North Chicago, Illinois) was 
infused at 50,000 U/hour for 1 to 3 days after an initial bolus of 
100,000 U. The thrombolytic drug was infused directly into the 
shunt by embedding a multi-side-hole catheter into the throm-
bus. There was a no retroperitoneal hemorrhage, despite the 
recent surgery.

Follow-Up and Treatment of Shunt 
Dysfunction
Most chronic shunt strictures, whether they occur at anastomo-
ses or within the body of the interposition graft, show significant 
elastic recoil after overdilation. Most will need to be redilated on 
an outpatient basis on a routine 3- to 6-month cycle to maintain 
an acceptable portosystemic pressure gradient. Alternatively, the 
patient can be treated when renewed structuring has developed 
on ultrasound imaging or when symptoms of bleeding or ascites 
are recurrent. In the author’s experience of 16 patients, trans-
shunt catheterization was possible in 14 and bleeding was con-
trolled with the need for additional surgery in 12.7

Results and Discussion
Among the relatively few reports on the interventional man-
agement of symptomatic dysfunctional portosystemic shunts 
the published results show that percutaneous treatment is safe 
and efficacious and can be used to postpone or replace TIPS or a 
reshunting surgical procedure. Shunt patency has been observed 
to last from 15 to 30 months.7,8,10 Many patients succumb from 
liver failure and rebleeding. The need for surgical portosystemic 
shunts has markedly decreased with the development of endo-
scopic transesophageal variceal sclerosis in the 1980s, followed 
in the 1990s by the use of TIPS and more effective liver trans-
plantation techniques. However, surgical shunts are still being 
inserted, especially in patients with relatively good remaining 
liver function. It is important to remember that the quickest and 
simplest way to manage the 10% to 20% of patients who develop 
subsequent symptomatic shunt stenosis or occlusion, irrespec-
tive of whether they fail endoscopic sclerosis, is by percutaneous 
trans-shunt recanalization and variceal embolization.
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Chapter 11:  Patient Selection and the Effect of Transjugular 
Intrahepatic Portosystemic Shunt on Liver and Kidney Function
Hector Ferral and George Behrens

Introduction
The management of portal hypertension (PHT) and its compli-
cations has changed drastically in the past 20 years.1,2 Changes 
in the recommendations for the management PHT are a result 
of expert consensus conferences that have taken place between 
1986 and 2010.1,3 The role of the transjugular intrahepatic porto-
systemic shunt (TIPS) procedure in the management of patients 
with complications of PHT has changed as a result of these expert 
panel discussions.4,5 The most common indications to perform a 
TIPS procedure have been control of esophageal variceal bleeding 
and management of refractory ascites.4,6 The procedure is per-
formed either in an emergency situation (active variceal bleed-
ing) or in an elective fashion (recurrent bleed after failed medical 
and endoscopic therapy or for the management of ascites).

The purposes of this chapter are to convey an updated per-
spective of the role of TIPS in the management of patients with 
complicated PHT, emphasize the importance of careful patient 
selection before the procedure, and describe the hemodynamic 
effects of the shunt and its impact on liver and renal function.

The Role of Transjugular 
Intrahepatic Portosystemic Shunt 
in Patients with Variceal Bleeding
The first expert consensus conference was held in Baveno, Italy, in 
1995.1 The first Baveno conference in 1995 established that the first 
line of treatment for acute variceal hemorrhage should be based 
on endoscopic techniques; TIPS was recommended only in case of 
failure of endoscopic and pharmacologic therapy.1 The concept of 
clinically significant PHT (hepatic venous pressure gradient [HVPG] 
>10 mm Hg) was introduced in the conference held in April 2000. 
There were no changes in recommendations regarding the role of 
TIPS in the management of variceal bleeding.1 Endoscopic band 
ligation emerged as an alternative therapy for the management of 
bleeding esophageal varices during the conference held in 2005. 
Early TIPS was presented as an option in patients at high risk of 
rebleeding for the first time during the conference held in 2007,1 
and the recommendations for early TIPS in acute variceal bleeding 
were reinforced in the conference held in 2010.1

Current recommendations in the management of hemorrhagic 
PHT depend on the clinical stage of the disease. The clinical stages 
include: (i) patients with PHT who have not developed esophageal 
varices; (ii) patients with PHT with esophageal varices who have 
never bled; (iii) patients with acute variceal hemorrhage; and (iv) 
patients who have survived a bleeding episode and require treat-
ment to prevent rebleeding.

Patients with Portal Hypertension Who 
Have Not Developed Esophageal Varices
These patients require no therapy, and management is focused on 
treating the cause of cirrhosis.

Patients with Portal Hypertension  
with Esophageal Varices Who Have 
Never Bled
In this stage, patients are further classified into high risk and low 
risk. High-risk patients are those with advanced cirrhosis (Child-
Pugh class C) and large varices. Low-risk patients are those who 
have less severe cirrhosis (Child-Pugh class A or B) and small 
varices. Treatment options for patients at high risk of bleeding 
include nonselective beta-blockers and endoscopic variceal ligation 
(EVL). Studies have shown that EVL and nonselective beta-blockers 
are equally effective in preventing first variceal bleed; therefore, 
management decisions depend on local expertise and resources.3 
The downside of beta-blockers is that they are associated with 
side effects, and their use has to be discontinued in 15% to 20% of 
patients because of poor tolerance to the drug.3 The problem with 
EVL is that it requires technical expertise, and it may be associ-
ated with postprocedural complications, the worst of which is the 
development of ulcers that may be associated with severe bleed-
ing.3 The focus in this stage is prophylaxis and the risks of beta-
blocker side effects or EVL procedural complications need to be 
weighed against their potential clinical benefits.3 In patients with 
advanced liver failure and small, low-risk varices, the recommen-
dation is to treat them with nonselective beta-blockers instead of 
using endoscopic options.3 Finally, in low-risk patients, the use of 
beta-blockers is optional. According to current recommendations, 
TIPS has no role in this prophylactic stage.

Patients with Acute Variceal 
Hemorrhage
This stage is a medical emergency. Patients are treated in inten-
sive care units (ICUs) and require aggressive medical manage-
ment, including airway control, transfusion of blood products, 
prophylactic antibiotics, and vasoactive drugs. A diagnostic 
endoscopy is mandatory and should be performed within 12 
hours of admission.1 EVL is the treatment of choice if varices are 
confirmed as the source of bleeding.1 Sclerotherapy may be used 
if EVL proves to be technically difficult. TIPS procedure is indi-
cated in patients who fail endoscopic and vasoactive treatment.1 
Recent reports have determined that approximately 10% to 20% of 
patients with acute variceal bleeding fail standard therapy,3,7 and 
those are the patients who need to be evaluated for an emergency 
TIPS procedure. Clinical studies have reported the effectiveness of 
emergency TIPS procedure to treat acute esophageal and gastric 
variceal bleeding in patients who have failed medical and endo-
scopic therapy.8

Patients with a Child-Pugh class C, HPVG greater than 20 mm 
Hg and bleeding varices during diagnostic endoscopy are consid-
ered to be at high risk of failing standard therapy,1 and this is the 
subgroup of patients that may benefit from an early TIPS proce-
dure.1,3,9 A recent prospective, randomized, multicenter trial con-
ducted by Garcia-Pagan and coworkers9 demonstrated that the 
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application of early TIPS (within 72 hours of admission) resulted 
in a significant improvement in patient survival and a significant 
decrease in rebleeding rates in a group of patients with cirrho-
sis at high risk of conventional treatment failure. Careful patient 
evaluation before the procedure is crucial in selecting patients 
who may benefit from early TIPS. The clinical history, laboratory 
data, and diagnostic imaging studies must be reviewed.6,9 The role 
of the interventional radiologist as a true clinical consultant is to 
determine if a patient is a suitable candidate to undergo a TIPS 
procedure after the patient’s evaluation has been completed. The 
operator must also be able and willing to recommend alterna-
tive forms of endovascular therapy (i.e., balloon-occluded retro-
grade transvenous obliteration [BRTO] or direct embolization of 
varices) for patients who are not suitable candidates to undergo 
a TIPS procedure.10,11

It is important to point out that in this recent study by 
Garcia-Pagan, early TIPS was not performed in patients who had a 
Child-Pugh score greater than 13 points, who had isolated bleed-
ing gastric varices, who were older than 75 years of age, who had 
hepatocellular carcinoma, who had portal vein thrombosis, and 
who had renal failure. Furthermore, a total of 22 patients in this 
study were excluded for nonspecified reasons. Therapeutic options 
offered to the patients who were excluded were not specified.9

Clinical studies have shown that patients who are Child-Pugh 
class C and have an APACHE II (Acute Physiology and Chronic 
Health Evaluation II) score greater than 18 have a very poor prog-
nosis if they undergo an emergency TIPS procedure to control 
variceal bleed. The 30-day mortality rate for such patients is 98% 
to 100%.12,13 Multiple variables have been associated with a poor 
prognosis in patients undergoing an emergency TIPS, including 
delayed admission to the ICU; presence of ascites; emergent 
requirement for mechanical ventilation; elevation of serum cre-
atinine; elevated international normalized ratio (INR)14; and ele-
vated serum bilirubin, especially if it reaches levels higher than 
6 mg/dL.12

Chalasani and coworkers15 studied 129 patients who under-
went a TIPS procedure in a single center in the United States to 
evaluate the variables associated with early death. Only 16% of 
the patients in this series underwent an emergency TIPS; how-
ever, these authors identified four factors associated with 30-day 
mortality after TIPS: active variceal bleeding, emergency TIPS, 
prolonged prothrombin time (>17 sec), and bilirubin level greater 
than 3 mg/dL.15

Patch and coworkers16 developed the prognostic index, a model 
specifically designed to predict mortality for patients undergoing 
an emergency TIPS. This predictive model was developed after 
the evaluation of 54 patients undergoing emergency TIPS for 
variceal bleeding.16 In this study, five factors were associated with 
a poor prognosis: ascites (moderate or severe), need for emergent 
mechanical ventilation, white blood cell count, serum creatinine, 
and activated partial thromboplastin time (aPTT). Based on sta-
tistical methods, these authors developed a formula to calculate 
the prognostic score:

PI = 1.54 (ascites) + 1.27 (ventilation) + 1.38 log e (white blood 
cell count) + 2.48 log e (aPTT) + 1.55 log e (creatinine) – 1.05 log e 
(platelet count).

The patients with a higher score had higher mortality rates. 
Overall, the 6-week mortality rate in this series was 48%.16 Using 
this model, these investigators found that the 6-week mortality 
rate was 100% in patients with a prognostic index greater than 

18.52.16 The model was prospectively tested in an additional 
group of 31 patients undergoing emergency TIPS. From this 
group, there were 11 deaths (35%) within the 6-week period. All 
patients who had an early death had a prognostic index greater 
than 17.1.6,16 In essence, these authors demonstrated that the 
6-week mortality rate was 100% for any patient with a prognostic 
score greater than 18.52.

Scores to predict early mortality have been applied and tested 
clinically in patients with acute variceal bleeding; however, most 
of these scores have not been validated with further studies.6 The 
scores are useful guides and allow the consulting interventional 
radiologist to give referring physicians, patients, and family mem-
bers a realistic opinion on what to expect after the procedure if it 
is at all performed.6 In our practice, we apply the APACHE II score 
to patients who are being considered for an emergency TIPS. If 
the APACHE II score is greater than 18 or the patient has more 
than one of the previously mentioned high-risk factors, we rec-
ommend against the TIPS and offer alternative options, including 
BRTO or even direct variceal embolization.

Patients Who Have Survived a Bleeding 
Episode and Require Treatment to 
Prevent Rebleeding
The risk of rebleeding in a patient who has survived an episode 
of acute variceal bleed is high, ranging between 50% to 60%.1,17 
Two groups of patients are identified within this clinical category: 
(i)  patients who underwent a TIPS procedure and (ii) patients 
who responded to medical and endoscopic therapy. Patients who 
underwent a TIPS procedure require surveillance of the shunt 
but do not require drugs to prevent rebleeding.1,18 Patients who 
responded to medical therapy require continued prophylactic 
therapy with nonselective beta-blockers.1 In this latter group, 
either TIPS or surgical shunts are indicated for those who rebleed 
despite medical and endoscopic treatment.1,3 TIPS procedures 
performed in this setting are considered to be either emergent or 
even elective; thus, these patients in general have a better prog-
nosis. Evaluation of the clinical history, laboratory examinations, 
and imaging studies is still very important.

At least five prognostic scores have been described to try to 
determine the survival prognosis of patients undergoing a TIPS 
procedure.6,19 The scores that have been more commonly used in 
clinical practice for this purpose include the Child-Pugh score and 
the model for end-stage liver disease (MELD) score.6

The Child-Pugh score (▶ Table 11.1) has been used to predict 
outcomes in patients undergoing portal hypertensive surgery 
since 1973 and was adopted to predict outcomes in patients 
undergoing TIPS since 1989.20 The application of the Child-Pugh 
score divides the patients in three groups: A (score, 5–6), B (score, 
7–9), and C (score, 10–15). The higher the score, the worse the 
liver function.21 Patients with high scores (10–15) are considered 
to be poor operative risks.22 The Child-Pugh score has some dis-
advantages; the calculation includes two subjective variables: 
ascites and degree of encephalopathy.23 In addition, it is subject to 
the so-called ceiling effect.6 This is considered to be a major disad-
vantage of the Child-Pugh score.24 Despite these theoretical disad-
vantages, the Child-Pugh scoring system has withstood the test of 
time and is still very effective in predicting outcomes in patients 
with end-stage liver disease undergoing TIPS procedures25–28; it 
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has been compared with other recently described predictive scor-
ing systems and has performed very well in patients undergoing 
both emergency25 and elective TIPS.26 In general, most authors 
coincide in the opinion that a Child-Pugh class C patient with a 
score of 12 or higher is at a very high risk of having an early death 
after a TIPS procedure.13,29,30

Malinchoc and coworkers23 developed a model specifically 
designed to predict mortality in patients undergoing elective 
TIPS procedures. The model was developed based on a group 
of 231 consecutive patients with cirrhosis who underwent an 
elective TIPS procedure.23 Four variables were identified as pre-
dictors of survival using the Cox proportional-hazards regres-
sion: serum creatinine, serum bilirubin, INR, and cause of cir-
rhosis.23 These investigators developed a formula to calculate a 
risk score by using these four prognostic variables. The authors 
found this model to be quite effective in the prediction of patient 
survival after elective TIPS, with a sensitivity of 77%, specificity 
of 79%, positive predictive value of 63%, and negative predictive 
value of 88%.23 The original model developed by Malinchoc was 
tested, and its formula was slightly modified; minor changes 
in the formula included deletion of the cause of cirrhosis as an 
adverse factor and multiplying the score by 10 to make it easier 
to apply.28,31 The new model was called the model for end-stage 
liver disease score, better known as the MELD score. The MELD 
score has been validated in clinical studies and is now extensively 
used for patients undergoing TIPS and in patients with end-stage 
liver disease awaiting a liver transplant.31–34 Most reports have 
confirmed that a MELD score greater than 18 is associated with 
an unfavorable prognosis with significantly lower 3-month sur-
vival rates.27 Angermayr and colleagues26 evaluated a total of 475 
patients who underwent elective TIPS placement in 5 different 
hospitals in Austria in a 10-year period. These authors confirmed 
that patients with a MELD scores greater than 18 have signifi-
cantly lower survival rates. The 3-month survival rate was 40% for 
patients with MELD scores of 18 or greater compared with 90% for 
patients with MELD scores of 18 or less; the difference was statis-
tically significant (P = 0.002).26 Other reports have demonstrated 
even more significant differences in survival if lower MELD score 
thresholds are selected to evaluate the patients.27,34 Ferral and 
coworkers27 tested the MELD score in a group of 166 patients who 
underwent elective TIPS in 2 different institutions in the United 
States. These authors found that the 30-day mortality rate was 
0% in patients with MELD scores of 10 or less as opposed to an 

early mortality rate of 42% in patients with MELD scores of 25 or 
greater.27 Furthermore, the 3- and 6-month mortality rates were 
65.5% and 74.2%, respectively, for patients with MELD scores of 
25 or greater.27 In a recent retrospective study comparing multi-
ple scoring systems, Gaba and coworkers19 documented that the 
MELD and MELD-Na scores were the most accurate in predicting 
patient prognosis after a TIPS procedure.

The use of prognostic scores in this set of patients is useful in 
the sense that again, it allows the interventional radiologist to give 
a reasonable perspective of the expectations after the procedure 
to patients, referring physicians, and patient family members. The 
consensus is that TIPS should probably be withheld in patients 
with MELD scores greater than 25, and alternative options should 
be investigated to take care of the patient’s clinical problem.

The Role of Transjugular 
Intrahepatic Portosystemic 
Shunt in Patients with Ascites
Ascites is a common complication seen in patients with cirrhosis. 
The development of ascites in a patient with cirrhosis indicates 
a poor prognosis.2 The standard treatment for a patient with cir-
rhosis who develops ascites is medical management, including 
fluid and sodium restriction and the administration of diuret-
ics.2 Medical therapy fails in 5% to 10% of patients with ascites.35 
These patients are classified as having either refractory ascites or 
diuretic-intractable ascites.2 Refractory ascites is the condition 
in which the fluid cannot be eliminated despite daily doses of 
400 mg of spironolactone or 30 mg of amiloride plus 160 mg of 
furosemide. The patient must have been compliant with dietary 
sodium restriction. The group classified as diuretic intractable 
ascites is a specific group of patients who develop complications 
with diuretic therapy.2 TIPS and large-volume paracentesis (LVP) 
have been used as therapeutic options for patients who cannot 
tolerate or do not respond to medical therapy.2 Prospective clini-
cal studies comparing LVP and TIPS have shown that TIPS is better 
to control the accumulation of fluid; however, it does not improve 
the patient’s survival and requirement for hospital admissions. 
In addition, patients undergoing TIPS have a significantly higher 
incidence of encephalopathy after treatment.36 For this reason, 
there is current controversy on which therapeutic option to use 
in these patients.2,37

Table 11.1  The Child-Pugh Classification

Points*

Variable 1 2 3

Ascites None Easily controlled Poorly controlled

Albumin > 3.5 g/dL 2.8–3.5 g /dL < 2.8 g/dL

Bilirubin < 2 mg/dL 2–3 mg/dL > 3 mg/dL

Encephalopathy Absent Grades 1–2 (minimal) Grades 3–4 (advanced)

Prothrombin (sec > control) < 4.0 4–6 > 6

*Point modification for bilirubin values in patients with primary biliary cirrhosis: Bilirubin (mg/dL): 1–4: 1 point; > 4–10: 2 points; > 10: 3 points.
Child-Pugh score:

A: 5–6, good prognosis
B: 7–9, moderate
C: 10–15, poor prognosis
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Two factors separate the patients being treated for ascites from 
patients treated for bleeding: (i) patients with ascites have a 
poorer prognosis,34,37 and (ii) TIPS procedures performed to treat 
ascites are always elective and aimed to improve patient’s qual-
ity of life. For this reason, careful patient evaluation is even more 
important when deciding to perform a TIPS procedure in a patient 
with ascites difficult to control.6 Another factor to consider is the 
development of encephalopathy after TIPS. The development of 
this complication ranges between 20% and 50% depending on the 
series reviewed.38

Taking all of these factors into consideration, careful clinical 
patient evaluation and the application of the MELD score and 
Child-Pugh score are useful to decide the therapeutic approach 
for these patients. The performance of a TIPS procedure for the 
management of ascites should probably be withheld in patients 
with MELD scores greater than 18 unless the patient is a liver 
transplant candidate.2,28,39 Along the same lines, TIPS should not 
be performed to manage ascites in patients with MELD scores 
higher than 24 because the 30-day mortality rate in this group of 
patients ranges between 40% and 60%, and in our opinion, this is 
prohibitively high for an elective procedure.39

Kim and coworkers developed the MELD-Na score, which 
includes serum sodium as a variable in the formula.37,40 The 
MELD-Na score appears to be more precise than the standard 
MELD score for the prediction of outcomes in patients undergo-
ing elective TIPS procedures.37 In a retrospective review of the 
outcomes of 148 patients who underwent an elective TIPS pro-
cedure, Guy and coworkers found that a MELD-Na score of 15 
was the optimal cutoff point for prognostic prediction in their 
group of patients. This concept is probably even more impor-
tant in patients who undergo TIPS for the management of ascites 
because these patients have a well-known derangement in the 
handling of serum sodium.2,41 The lower the serum sodium, the 
higher the mortality rate as predicted by the MELD-Na score.37 
These patients should continue with LVP, creation of a Denver 
Shunt, or placement of a tunneled peritoneal drain (abdom-
inal Pleur-x), especially if they are not suitable liver transplant 
candidates.42

Effect of Transjugular Intrahepatic 
Portosystemic Shunt on Liver and 
Kidney Function
TIPS is a nonselective portosystemic shunt, and if properly cre-
ated, it causes profound hemodynamic changes. First, there is a 
well-documented and significant decrease in the portosystemic 
gradient.43–45 Given its nature as a nonselective shunt, the imme-
diate effect of a properly created TIPS is often a complete portal 
venous flow diversion in which the entire flow to the portal vein is 
shunted directly into the right atrium; even the intrahepatic por-
tal vein branches may show flow reversal into the shunt.46,47 This 
shunting of blood flow causes increases in central venous pres-
sure, cardiac index, end-diastolic volume index, and a decrease 
in the systemic vascular resistance index.43 These hemodynamic 
changes have effects both on kidney and liver function. Persis-
tent improvement of the kidney function has been documented 
after successful TIPS procedures, with significant decreases in 
the serum creatinine levels as soon as 1  week after the proce-
dure.43,48 This improvement in renal function is most probably 

related to the increased cardiac preload, which subsequently 
increases organ perfusion.43 In addition, the increase in central 
venous pressure distends the right atrium and triggers the release 
of atrial natriuretic factor (ANF). This change in the ANF is fol-
lowed by an increase in urinary sodium, and this mechanism is 
thought to participate in the improvement of the sodium balance 
after TIPS and explains the improvement of ascites.2 By the same 
token, a deterioration of the liver function has been documented43 
after successful TIPS, and this is probably related to the portal 
flow diversion. After the portal flow is diverted, proper mainte-
nance of liver function depends on the appropriate increase in 
flow from the hepatic artery, the so-called hepatic arterial buffer 
response.46,47,49–53 If the hepatic artery flow does not increase in 
proportion to the percentage of portal flow loss, the relative lack 
of adequate flow to the liver places the patient at a high risk for a 
potential decompensation of liver function.43

Anderson and coworkers found that TIPS in general increases 
the MELD score, which is a reflection of worsening hepatic func-
tion. However, patients with renal dysfunction (not on dialysis) 
had improved renal function reflected by a reduction in the 
serum creatinine.48 Moreover, in patients with normal renal 
function, the MELD score became worse after TIPS. However, in 
patients with renal dysfunction (not on dialysis), the MELD score 
decreased or remained stable after TIPS.48

Regarding the performance of TIPS in patients with renal failure, 
on hemodialysis, the literature on this topic is scarce.54 In a small 
series of six patients, Haskal et al pointed out that in patients who 
are dialysis dependent and who undergo a TIPS procedure, the 
performance of hemodialysis shortly after the procedure is essen-
tial to improve the patient’s short-term survival. In this report, 
Haskal et al also pointed out that the incidence of encephalop-
athy seems to be higher in this group of patients. In general, our 
interpretation of these results is that the performance of a TIPS 
procedure is not indicated in patients who are on hemodialysis 
unless the clinical situation of the patient is such that TIPS is the 
best possible option to manage the patient’s clinical problem.

Conclusion
The role of TIPS has changed drastically in the past 10 years. The 
use of early TIPS for patients with acute variceal bleeding and at 
high risk needs to be evaluated further before it is established as 
an accepted option. The most useful prognostic scores are still the 
MELD, MELD-Na, and Child-Pugh scores. These scores are help-
ful as guides to understand the risks and prognosis of patients 
undergoing both emergency and elective TIPS procedures. In gen-
eral, it is not our policy to refuse to perform a TIPS based on scores 
indicating a poor prognosis. There will always be certain variants 
and individual conditions pertaining each patient considered or 
evaluated that are not included in the scores (i.e., patient age, 
presence of renal failure, portal vein thrombosis, associated 
cancers) that may completely change a final clinical decision.

Clinical Pearls
•	 A total of 10% to 20% of patients with cirrhosis who have acute 

variceal bleeding fail standard therapy (beta-blockers or endo-
scopic management), and those are the patients who need to 
be evaluated for emergent TIPS.
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•	 The 30-day mortality rate of patients undergoing emergent 
TIPS is 98% to 100% in patients with a Child-Pugh class C and 
an APACHE II score greater than 18.

•	 Other prognostic factors of poor survival for emergent 
TIPS include moderate to severe ascites, need for emergent 
mechanical ventilation, increased white blood cell count, 
increased serum creatinine, and increased aPTT.

•	 The components of the Child-Pugh score are ascites, albumin, 
bilirubin, encephalopathy, and prothrombin time or INR. Both 
ascites and encephalopathy are subjective components.

•	 A Child-Pugh class of C (score of 10–15) carries a poor prognosis 
after TIPS.

•	 The components of the MELD score are bilirubin, creatinine, 
and INR with a demarcation for dialysis.

•	 The MELD score has no subjective components and, as a result, 
is used primarily in the United States for defining transplant 
waiting lists and organ procurement.

•	 A MELD score of 18 or greater carries a poor prognosis after TIPS.
•	 The 3-month survival rates after TIPS are approximately 0% for 

MELD scores less than 10, 40% for MELD scores of 10 to 17, and 
90% for MELD scores of 18 or greater.

•	 Refractory ascites is the condition in which ascetic fluid can-
not be eliminated despite a daily dose of one of the following:
•	 400 mg of spironolactone
•	 30 mg of amiloride + 160 mg of furosemide

•	 Patients with the primary indication of ascites for TIPS have a 
poorer prognosis than those patients with a primary indica-
tion of variceal bleeding.

•	 Hepatic encephalopathy occurs in 20% to 50% of patients after 
TIPS.

•	 The MELD-Na score is probably more important in patients 
who undergo TIPS for management of refractory ascites 
because patients with ascites have a well-known derangement 
in handling of serum sodium.

•	 In general, TIPS causes worse hepatic function (an increase in 
the MELD score) and improved renal function. The worsening 
MELD score is thought to be transient. As a result, patients 
with normal renal function have an increase in MELD after 
TIPS, and patients with renal dysfunction (not on dialysis) 
have an improvement (reduction) in the MELD score.
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Chapter 12:  Hepatic and Portal Venous Anatomy Relative to 
the Transjugular Intrahepatic Portosystemic Shunt Procedure
Nael E. Saad and Kathryn J. Fowler

Introduction
Portal hypertension (PHT) is a condition that results from por-
tal venous flow obstruction. Transjugular intrahepatic portosys-
temic shunt (TIPS) is an artificial channel created between the 
portal venous inflow and the hepatic vein outflow of the liver. 
This channel acts as a conduit through which the venous flow of 
the splanchnic circulation can bypass the liver parenchyma in a 
way that obviates the risk of life-threatening hemorrhage that 
can result from variceal rupture. TIPS has become the mainstay of 
management of PHT complications and has supplanted surgical 
shunt creation.

Many factors affect the success of TIPS. Anatomy plays an essen-
tial role in preprocedural planning and ultimate success. The size 
of the shunt is important for ensuring adequate reduction of por-
tal pressures. Hence, the hepatic vein selected for TIPS must be of 
a suitable size to allow sufficient functional diameter of the TIPS. 
In addition to size, distance and angulation of the shunt tract 
are vital to successful decompression and long-term patency. An 
appropriate trajectory from hepatic vein to portal vein must be 
planned for creating a smoothly curved TIPS.1 A thorough under-
standing of the standard liver, hepatic vein, and portal vein anat-
omy as well as common anatomic variants is paramount.

Liver Morphology and Anatomy
The liver is the largest solid organ in the body, weighing between 
1400 and 1600 g in men and between 1200 and 1400 g in women.2 
The liver is located in the right upper quadrant; the upper margin is 
at the approximate T9 level, and the inferior border extends to the 
11th rib (▶ Fig. 12.1). The size of the liver is subject to great varia-
tion, especially in patients with end-stage liver disease. Even in the 
healthy subjects, there are common variants of Riedel’s lobe (right 
lobe extends into the right lower quadrant) and high variability of 
left lobe size (the left border of the liver may be to the right of the 
spine or extend several centimeters to the left). Common morpho-
logic changes associated with cirrhosis include right lobe atrophy 
with left lobe or caudate hypertrophy, widening of the preportal 
space, a small shrunken liver, and displacement of the liver from the 
right abdominal wall caused by large-volume ascites (▶ Fig. 12.2).

Adjacent organs are at risk for inadvertent needlestick and 
injury. The liver is bordered inferiorly by the right kidney and 
hepatic flexure of the colon. The kidney is located within the 
retroperitoneum separated from the peritoneal cavity and liver 
surface by an investment of peritoneal fascia. The hepatic flex-
ure may extend anterior and superior to the liver margin, cre-
ating the potential for inadvertent injury from needlestick. The 

Fig. 12.1  Volume-rendered display of the liver and portal vein (a) (arrows) superimposed on the skeleton demonstrates the anatomic position of the liver 
in the right upper quadrant. Maximum intensity projection image of the liver and portal vein (b).
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gallbladder is located within a fossa along the anterior inferior 
visceral surface of the liver between the medial left and anterior 
right hepatic sections. The duodenum and stomach together bor-
der the anterior-inferior margin of the left hemiliver.

Liver segmental and sectional anatomy is dictated by portal 
venous territories for surgical and radiological purposes. On the 
largest scale, the liver can be divided into right and left hemiliver 
along a boundary between the gallbladder fossa (interlobar fis-
sure) and right margin of the middle hepatic vein–inferior vena 
cava (IVC) junction (Cantlie line).3 The right hepatic artery and 
portal vein supply the right hemiliver, and the left hepatic artery 
and portal vein supply the left hemiliver. Each hemiliver can be 
further divided into two sections: right anterior, right posterior, 
left medial, and left lateral. The right sections are divided by the 
right hepatic vein and the left section by the falciform ligament/
left hepatic vein. Each section is supplied by a corresponding major 

portal venous branch. The caudate lobe is considered separately 
from the right and left hemilivers because it is invested by its own 
fascial covering and has independent portal and hepatic venous 
flow as well as variable arterial supply from either the right or 
left hepatic arteries. Furthermore, the liver may be divided into  
eight separate segments, first described in 1957 by Couinaud4,5 
(▶ Fig. 12.3).

Finally, a closer look at the hepatic parenchyma shows that the 
portal veins are located within the portal triads accompanied by 
arterial branches, bile ducts, and lymphatics. The close proximity 
of the hepatic arteries and bile ducts to the portal veins makes 
inadvertent sticks common during a TIPS procedure. The portal 
veins become progressively diminutive within the peripheral 
parenchyma supplying the inflow to the sinusoidal channels, 
the capillary network of the liver parenchyma (▶ Figs. 12.4 and 
▶ 12.5).6 On the other side of the sinusoidal channel or network, 

Fig. 12.2  Imaging features of cirrhosis. (a) Ultrasound image shows a coarse, nodular, shrunken liver with surrounding ascites. (b) Axial contrast-
enhanced (CE) magnetic resonance image (MRI) shows recanalized paraumbilical vein. (c) Coronal CE MRI shows dilation of the portal and mesenteric 
vessels. (d) Axial CE MRI shows widening of the preportal space and a nodular small liver (arrows).
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Fig. 12.3  Schematic drawing of the Couinaud segments of the liver. The 
hepatic veins are in white, and the portal veins are in black. Fig. 12.4  Schematic diagram showing the microvascular bed of the liver 

parenchyma. The liver is histologically divided into lobules (see ▶ Fig. 
12.5). The sinusoidal inflow is an admixture of “nutritive” blood from 
both the hepatic artery and the portal vein. 

Fig. 12.5  The liver is divided histologically into lobules. The hepatic 
arteries, portal veins, and bile ducts, commonly referred to as the portal 
triad (arrow), are located in the periphery of the lobule, whereas the 
central vein (arrowhead) is at the center of the lobule. Functionally, 
the liver can be divided into three zones, based upon oxygen supply. 
Zone 1 encircles the portal tracts, where the oxygenated blood from 
hepatic arteries enters. Zone 3 is located around central veins, where 
oxygenation is poor. Zone 2 is located between zones 1 and 3.

the blood drains into the terminal hepatic venules. The hepatic 
veins course independently from other vasculature with these 
small peripheral tributaries joining to form larger trunks more 
centrally that eventually drain into the IVC.

Hepatic Venous Anatomy
The hepatic veins constitute the only venous drainage of the liver. 
The right, middle, and left hepatic veins are the three largest 
hepatic veins and drain into the anterior surface of the IVC 1 cm 
below the diaphragm and 2 cm below the inferior border of the 
right atrium7 (▶ Fig. 12.6).

Right Hepatic Vein
The right hepatic vein is the largest of the three main veins and 
drains the entire right hemiliver (segments V, VI, VII, and VIII). 
The diameter of the right hepatic vein is largest at the conflu-
ence with the IVC, measuring approximately 1 cm.8 It can be 
challenging to differentiate the right from the middle hepatic 
vein during venography. The insertion of the right hepatic vein 
on the IVC is lateral and slightly superior to that of the mid-
dle hepatic vein. The marginal tributary characteristically helps 
identify the right hepatic vein as it arcs through the superior 
aspect of the right hemiliver to join the right hepatic vein 
centrally (▶ Fig. 12.7).
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Fig. 12.6  Normal hepatic venous anatomy. Transverse contrast-enhanced (CE) computed tomography (CT) (a) and transverse gray-scale ultrasound 
(b) images show the normal right (RHV), middle (MHV), and left hepatic veins. Note the common trunk of the left and middle veins (arrow). Coronal 
(c) and sagittal (d) CE CT images show the normal relationship of the hepatic veins to the right atrium and inferior vena cava (IVC).

Fig. 12.7  Right hepatic venogram showing the marginal branch (arrow).

Middle Hepatic Vein
The middle hepatic vein commonly drains segment IV (left medial 
section) and often receives blood supply from the anterior right 
hepatic section (segments V and VIII). The middle hepatic vein 
ostium on the IVC is caudal to the right hepatic vein and located 
along the left anterior aspect of the IVC. The common trunk 
formed by the middle and left hepatic vein measures approxi-
mately 1 cm in length.8 The middle hepatic vein may be a suitable 
alternative to the right hepatic vein for TIPS.

Left Hepatic Vein
The left hepatic vein is a short trunk formed by the union of drain-
age veins from segments II and III (left lateral section). The left 
hepatic vein often forms a common trunk with the middle hepatic 
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Fig. 12.8  Patient with acute Budd-Chiari syndrome undergoing placement of transjugular intrahepatic portosystemic shunt. Selective hepatic venogram 
of the (a) right and (b) middle hepatic veins shows the classic “spider web” appearance of the hepatic veins seen in this condition.

vein before draining to the IVC.8 The size of the left hepatic vein is 
variable because of the variability in size of the left hemiliver. It is 
least commonly used for TIPS.

Variant Anatomy
In addition to the three main veins, numerous other smaller veins 
drain the inferior portion of the right lobe and the caudate. Var-
iations are encountered in up to 30% of patients.7,9–11 Supranu-
merary left hepatic veins are frequently present. An accessory 
inferior right hepatic vein is also frequently seen and is the larg-
est accessory vein, potentially providing the dominant drainage 
of the right hemiliver. An accessory right inferior hepatic vein 
usually drains the inferior portion of the posterior right hepatic 
section via a sizable trunk connecting to the midportion of the 
retrohepatic IVC.4 Additional common variants include multiple 
accessory right hepatic veins, absent right hepatic vein, a separate 
umbilical segment vein, and the accessory segment VIII branch 
draining into the middle hepatic vein. Helpful tips for differenti-
ating the right from the middle hepatic vein during venography 
include the following:
•	 The right hepatic vein ostium is lateral and slightly superior.
•	 The marginal tributary arcs superior to join the right hepatic vein.
•	 The right hepatic vein is more horizontal in course (lateral 

projection may help).
•	 There may be an inflow artifact along the left lateral aspect of 

the middle hepatic vein from left vein drainage.
•	 A wedged hepatic venogram through the right hepatic 

vein will opacify the right portal vein first, but through the 
middle hepatic vein, the left and right portal veins opacify 
simultaneously.
In the setting of parenchymal fibrosis, there may be attenua-

tion or “pruning” of the hepatic veins. In addition, hepatic vein-
to-hepatic vein collaterals may become prominent. As fibrosis 
progresses, the size of the central hepatic veins may decrease, 
and the shrunken liver morphology and presence of ascites may 
alter the relationship of the hepatic veins with the IVC. An acute 
angle between the IVC and hepatic veins may make catheteriza-
tion from a transjugular approach very difficult. Paracentesis and 
removal of large-volume ascites can improve this angle and facil-
itate cannulation for TIPS.

In Budd-Chiari syndrome, impedance of venous outflow may 
occur at the level of the small hepatic venules, the larger hepatic 
veins, or the IVC.9,12–15 Thrombosis and obliteration at the level of 
the main hepatic veins is most common. Long-standing obstruction 
results in collateral pathways and development of the so-called 
spider-web appearance16 (▶ Fig. 12.8). The caudate venous drain-
age is often spared, and venous collateralization and drainage of 
the entire liver may occur through the caudate lobe veins. As a 
result of venous outflow obstruction, the liver becomes enlarged, 
and compression of the intrahepatic IVC is typically present (▶ 
Fig. 12.9). When Budd-Chiari syndrome is caused by suprahepatic 
IVC obstruction, the hepatic veins are engorged and enlarged with 
many veno-venous collaterals present (▶ Fig. 12.10). Further dis-
cussion of TIPS creation in the difficult setting of Budd-Chiari syn-
drome is provided in Chapter 17.

Portal Venous Anatomy
The main blood supply to the normal liver is the portal vein. The por-
tal venous inflow is formed by four major contributors: the splenic 
vein, superior mesenteric vein (SMV), inferior mesenteric vein 
(IMV), and coronary vein.7,9 ▶ Figures 12.11 and ▶ 12.12 demon-
strate normal portal venous anatomy. The splenic vein drains the 
spleen and greater curvature of the stomach, the SMV drains the 
small bowel and right and transverse colon, the IMV drains the 
left and rectosigmoid colon, and the coronary vein drains the dis-
tal esophagus and lesser curvature of the stomach. The portal vein 
is formed posterior to the neck of the pancreas, passing behind 
the duodenum and along the free edge of the lesser omentum to 
the porta hepatis. The main portal vein is located at the approx-
imate T11 to L1 vertebral level in healthy patients.17,18 The main 
portal vein is approximately 7 to 8 cm in length and just more 
than 1 cm in diameter in normal patients.17,19

The main portal vein bifurcates into a left and right branch, 
denoted as the portal bifurcation. The portal bifurcation may be 
extrahepatic in about half, intrahepatic in about a quarter, and 
located right at the entrance to the liver in a quarter of patients.2,20 
The hepatic artery and common hepatic duct travel alongside the 
main portal vein in the hepatic hilum. The typical spatial relation-
ship at the porta hepatis is that the portal vein lies posterior to 
both the bile duct and artery.8,21 This spatial relationship is often 
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Fig. 12.9  Nonselective inferior venocavogram in the same patient in 
shows marked narrowing of the intrahepatic portion of the inferior vena 
cava (arrows) secondary to swelling of the liver caused by the venous 
engorgement.

Fig. 12.10  A patient presents after orthotopic liver transplant with 
lower truncal and extremity edema. (a) Contrast-enhanced computed 
tomograph of the liver and (b) nonselective inferior venacavogram 
shows lack of contrast opacification (arrow) as a result of occlusion of 
the suprahepatic inferior vena cava at the surgical anastomosis and 
antegrade flow of contrast into the right atrium. Note the retrograde 
filling of the engorged hepatic veins. Prominent intrahepatic venous 
collaterals are present (arrowheads).

maintained within the hepatic parenchyma with the bile duct and 
artery located anterior to the portal vein within the portal triads.

Right Portal Vein
The right portal vein receives flow from the cystic vein, draining 
the gallbladder, and then enters the right hemiliver. The com-
mon right portal trunk is present in 90% of patients and is usu-
ally located between the 10th and 12th ribs and within 0.5 to 1.5 
vertebral widths to the right of the lateral margin of the vertebral 
body.19 The right portal vein trunk usually courses for several cen-
timeters before bifurcating into anterior and posterior sectional 
branches. These supply the anterior and posterior right hepatic 
sections. The anterior branch then bifurcates into a superior seg-
mental branch to segment VIII and an inferior segmental branch 
to segment V. The posterior sectional portal vein bifurcates into  
a superior segmental branch to segment VII and an inferior 
segmental branch to segment VI.

Left Portal Vein
The left portal vein is longer than the right but generally smaller 
in caliber. The intrahepatic left portal vein has two distinct seg-
ments: 1) proximal or transverse segment giving off branches to 
the caudate and 2) distal or umbilical segment giving off branches 
to segments II, III, and IV. In healthy patients, the umbilical seg-
ment of the left portal vein terminates in the ligamentum teres, 
which is the obliterated umbilical vein.9,20
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Fig. 12.11  (a) Portovenogram in a noncirrhotic liver, demonstrating the spatial anatomy of the portal vein and its main branches relative to the osseous 
structure. (b) Schematic drawing of the portal vein and its branches. V: Vein 

Fig. 12.12  Portal vein anatomy. Two transverse postcontrast magnetic resonance images show the transverse (a, white arrow) and umbilical segments 
(a, black arrow) of the left portal vein. Note the presence of cirrhosis with enlargement of the left hemiliver and portal vein caused by a recanalized 
periumbilical vein. The anterior (b, black arrow) and posterior (b, white arrow) branches of the right portal vein are small, reflecting the atrophy of the 
right hemiliver in the setting of cirrhosis.
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Anatomic Variants
Normal variations in anatomy occur in 10% to 15% of 
patients.7,9,11,19,22,23 In 11% of patients, there is no right portal vein 
trunk, and the main portal vein trifurcates into right anterior, 
right posterior, and left portal branches.9,23 Other common vari-
ants are the right posterior segment branch arising from the main 
portal vein (5% of patients) and the right anterior segment branch 
arising from the left portal vein (4% of patients). Other less com-
mon variants include an accessory left portal vein arising from 
the main portal vein, absence of the right portal vein, and absence 
of the horizontal segment of the left portal vein.22 ▶ Figure 12.13 
shows variant portal venous anatomy.

Pathophysiologic Variants
In the setting of PHT, flow within the portal vein may be reversed 
(hepatofugal or retrograde). In this setting, the portal venous flow 
contributes substantially less nutritive support to the liver, so 
hence hepatic arterial supply accounts for a greater contribution. 
In response to PHT, the portal vein initially becomes dilated, and 
portal vein velocities may be decreased. As PHT progresses, flow 
within the portal system may become stagnant or “to and fro”  
(▶ Fig. 12.14). This stagnation of portal flow predisposes patients 
to portal venous thrombosis.

Portal venous thrombosis may be nonocclusive and often lam-
inar along the walls of the portal vein or occlusive with complete 

Fig. 12.13  Schematic diagram showing the variant anatomy of the portal vein. MPV: main portal vein; LPV: left portal vein; RAS: right anterior segment; 
RPS: right posterior segment; HS: horizontal segment; VS: vertical segment.

Fig. 12.14 (a-c)  Biphasic portal vein flow. Biphasic or “to-and-fro” flow within the left portal vein in a patient with increased hepatic sinusoidal resistance 
caused by acute hepatitis. This pattern of flow can also be seen in portal hypertension. Normal portal vein phasicity should not dip below baseline (as is 
seen in the spectral analysis waveform (c)).
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Fig. 12.15  Nonocclusive portal vein thrombosis. Gray scale (a) and color Doppler ultrasound (b) images show a nonocclusive thrombus in the main 
portal vein. Note the sluggish flow (indicated by the excessive background noise and low scale of the Doppler image). Coronal magnetic resonance 
imaging postcontrast image (c) from the same patient also shows the thrombus, which appears nearly black in signal intensity next to the enhancing 
lumen (arrows).

Fig. 12.16  (a,b) Cavernous transformation of the portal vein. Chronic occlusion results in extensive collaterals, which are shown by arrows in the 
transverse and coronal magnetic resonance images with contrast. Also note the extensive short gastric varices (black arrow).

obstruction to flow (▶ Fig. 12.15). When occlusive thrombosis 
occurs and is long standing, cavernous transformation may occur 
(▶ Fig. 12.16). In the setting of cavernous transformation, many 
periportal venous collaterals become enlarged (▶ Fig. 12.17). 
These collaterals often course along the common bile duct, duo-
denum, and gallbladder. Large collaterals may be present, mim-
icking a patent main portal vein.

In addition to bland thrombus-related to altered flow dynam-
ics, patients with cirrhosis are at risk for development of hepato-
cellular carcinoma, which can present with vascular invasion and 
tumor thrombus.24,25

Spatial Relationship of  
Hepatic and Portal Veins
The performance of successful TIPS requires an understanding 
of the spatial relationship of the portal vein to the hepatic vein. 
In most instances, the hepatic veins are superior or cephalad to 
the portal veins, requiring the transhepatic needle to be directed 
inferiorly. In general, the anteroposterior and medial-lateral 

relationship of the hepatic to portal veins can be anticipated. The 
main right portal vein is located anterior and inferior or infero-
medial to the right hepatic vein and posterior and lateral to the 
middle hepatic vein.8 The main left portal vein is located directly 
inferior to the middle hepatic vein and inferior and medial to the 
left hepatic vein.8 It can be challenging to determine if the middle 
or right hepatic vein has been cannulated because both course in 
the same apparent direction when viewed in the anteroposterior 
projection. The list above describes useful tips to help differenti-
ate. In general, the middle hepatic vein has a more vertical orien-
tation compared with the more horizontal orientation of the right 
hepatic vein. As previously stated, the presence of a marginal vein 
arcing and joining the right hepatic vein can also be a useful indi-
cator. Finally, the right hepatic vein confluence is located along 
the right lateral aspect of the IVC, and the middle hepatic vein 
confluence is located along the anterior aspect. Performing steep 
oblique or lateral projections (or both) may help in difficult cases 
as the right hepatic vein is more posterior than the middle hepatic 
vein. One additional clue is that there may be an inflow artifact 
along the left lateral aspect of the middle hepatic vein caused by 
inflow from the left hepatic vein in instances with a shared trunk.
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Fig. 12.17  Portomesogram shows occlusive thrombus in the main portal vein and opacification of multiple collateral veins (arrowheads) in the porta 
hepatis. The coronary vein is filling (arrow), and the gastric balloon of a Sengstaken-Blakemore tube is inflated (asterisk).

Pathophysiologic Variants
In small cirrhotic livers, the relationship of the hepatic veins to 
the portal veins is altered. The portal veins may be horizontal or 
cephalad to the hepatic veins, requiring an altered trajectory of 
the transhepatic needle. The presence of ascites may alter the 
angle of the hepatic veins relative to the IVC. In severe cirrho-
sis, the overall liver size may be diminutive, especially the right 
hemiliver, which may increase the technical difficulty of TIPS 
procedure and the risk for capsular perforation during the trans
hepatic portion of the procedure. Budd-Chiari syndrome pre-
sents many challenges to TIPS placement. Access to an accessory 
hepatic vein, direct intrahepatic portacaval shunt (DIPS), or direct 
shunting to the IVC may be options to consider.26

Imaging Options
Cross-sectional imaging with computed tomography, magnetic 
resonance imaging/magnetic resonance angiography, or ultra-
sonography with Doppler is essential to understand the anatomy 
before performing TIPS, especially in patients with end-stage 
liver cirrhosis.27 Each modality has advantages and disadvantages  
(▶ Table 12.1). When noninvasive imaging fails to give confident 

depiction, angiography can be performed but with the attendant 
risks and excess cost of an invasive procedure.

Although portal venous puncture can be made using anatomic 
landmarks, wedged hepatic venography is recommended to pro-
vide safe targeting for portal vein access. The order in which the 
portal vein branches opacify can also help confirm the identity 
of the catheterized hepatic vein (right vs. middle). From a right 
hepatic vein approach, the right portal vein should opacify first. 
But from a middle hepatic vein approach, the left and right portal 
veins often opacify simultaneously. When performed correctly, 
wedged hepatic venography is generally safe and relatively quick 
and can provide information on appropriate hepatic vein choice 
and patency of the portal venous system and insight into the 
spatial relationship between the portal and hepatic vein.

New technologies exist that can help guide interventions. 
Electromagnetic navigation systems use sensors in the tips of 
needles to provide real-time three-dimensional visualization, 
tracking, and navigation toward a predefined target. Additionally, 
cone-beam systems can generate low-resolution reconstructed 
cross-sectional images using rotational digital fluoroscopy to 
provide better anatomic depiction during a procedure. These 
advanced imaging options may be useful for defining anatomy 
during challenging cases.

Table 12.1  Relative Advantages and Disadvantages of Noninvasive Cross-Sectional Imaging for Assessing Pre-TIPS Anatomy

Modality Advantages Disadvantages

Ultrasonography Relatively inexpensive
Doppler analysis can determine direction of flow and velocities
No contrast is required

Operator dependent
Limited by hepatic steatosis and overlying bowel gas

Computed tomography 
with contrast

Relatively accessible
Provides thin slices than can be multiplanar reformatted
Fast and not as affected by respiratory motion and ascites

Radiation exposure
Timing of postcontrast phase may result in flow artifacts 

mimicking thrombus (non-opacified blood inflow)
Iodinated contrast nephrotoxic

Magnetic resonance 
imaging

High soft tissue contrast depicts vessels well
Multiple phases of contrast routinely obtained
Gadolinium contrast not nephrotoxic

Limited by motion and ascites
Flow artifacts may limit visualization of hepatic veins
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Portal Hypertension and 
Portosystemic Collaterals
Pressures in the normal liver range from 5 to 10 mm Hg,28,29 consti-
tuting a high-flow, low-resistance parenchymal vascular bed. The 
pressure difference between the portal vein and the right atrium, 
denoted the portosystemic gradient, is normally between 3 and 
6 mm Hg.28,29 When increased resistance to flow occurs in the por-
tal circulation, the portosystemic gradient increases, and PHT is 
defined as an absolute portal pressure greater than 10 mm Hg or 
a portosystemic gradient greater than 6 mm Hg.28,29 Portal veins, 
hepatic veins, and sinusoidal channels lack valves or the ability 
to dictate directionality of flow. Impairment of venous return at 
any level between the bowel and the heart can elevate pressures 
and lead to retrograde transmission of pressure. This concept of 
increased portal pressure caused by increased portal resistance 
is termed the “backward-flow theory.”30 However, this concept 
may not capture the entire picture. After the development and 
progression of PHT, venous collaterals spontaneously occur and 
decompress portal circulation, allowing for reduced resistance 
within the portal venous system. However, portal pressures often 
remain elevated despite extensive collateralization. Some believe 
that splanchnic inflow is as much to blame for sustained PHT as is 
increased resistance within the portal circulation. An explanation 
for the amplified mesenteric and portal flow can be found in two 
separate theories: 1) a blunted response of mesenteric vessels to 
circulating vasoconstrictors; and 2) elevated levels of circulating 
vasodilators. Whichever the case may be, the development and 
maintenance of PHT is probably the result of a combination of 
increased portal resistance and increased splanchnic inflow (“for-
ward-flow theory”).30

The first morphologic changes associated with PHT are the 
increase in size of the portal, splenic, and mesenteric vessels and 
via “backward flow” the enlargement of the normal tributaries.28,29 

The normal communications between the portal and systemic 
venous systems (hemorrhoidals, periumbilical, coronary vein) 
become enlarged. The coronary vein collateralizes with the azy-
gous–hemiazygos system and when enlarged forms esophageal 
and gastric varices (▶ Fig. 12.18). Variceal bleeding may occur 
when the portosystemic gradient is greater than 12 mm Hg.28,29,31,32 
Gastric varices may also arise in the fundus from short gastric 
collaterals, which originate directly from the splenic vein along 
most of its course. Communication between small veins near the 
splenic hilum and the renal vein may also occur, causing a sponta-
neous “splenorenal shunt” (▶ Fig. 12.18). The normally obliterated 
umbilical vein can become recanalized coursing along the free 
margin of the falciform ligament to the surface of the liver, where 
it traverses to the umbilicus, providing a collateral pathway that 
results in the “caput medusa” appearance. A recanalized umbilical 
vein can create difficulty in TIPS if the left portal vein is punctured. 
The catheter and guidewire may be easily advanced in to one of 
these venous structures and be mistaken for a main portal vein in 
the anteroposterior projection.

Additional sites for varices include perisplenic, retrogastric, 
omental, splenolumbar, retroperitoneal, mesenteric, gastrorenal, 
peripancreatic, and pelvic. Ectopic varices (those arising outside 
the typical pathological variceal locations) have a higher rate of 
bleeding and are highly complex and variable in their anatomy.33

Conclusion
A thorough understanding of liver anatomy and vasculature is 
essential to successful TIPS placement. Anatomic variants, both 
congenital and acquired as a result of cirrhosis, may alter the 
spatial relationship between the portal veins and hepatic veins, 
making TIPS more challenging in some instances. Preprocedural 
imaging and intraprocedural guidance should be used to evaluate 
the anatomy and anticipate difficult scenarios.

Fig. 12.18  (a) Early and (b) late phases of a splenoportogram shows reversal of flow in the inferior mesenteric vein (arrow), dilated left gastric 
(arrowhead), and short gastic (*) veins (varices), as well as a spontaneous splenorenal shunt (open arrow).
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Clinical Pearls
•	 Anatomy plays an essential role in preprocedural planning 

and ultimate success of TIPS.
•	 The performance of successful TIPS requires an understand-

ing of the spatial relationship of the portal vein to the hepatic 
vein.

•	 Ideal curvature of TIPS is a smoothly curved TIPS.
•	 In the hepatic hilum, the portal vein lies posterior to the bile 

duct and hepatic artery.
•	 The right portal vein trunk is the most common target for 

portal venous access for TIPS.
•	 The common right portal trunk is present in 90% of patients 

and is usually located between the 10th and 12th ribs and 
within 0.5 to 1.5 vertebral widths to the right of the lateral 
margin of the vertebral body.
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Chapter 13:  Technique for the Transjugular Intrahepatic 
Portosystemic Shunt Procedure
John A. Kaufman, Frederick S. Keller, and Josef Rösch

Historical Note
The origin of transjugular intrahepatic portosystemic shunt 
(TIPS) can be traced to inadvertent entries into intrahepatic por-
tal branches during transjugular cholangiography done in the late 
1960s to define biliary obstructions. This ability to access the por-
tal vein from the transjugular approach led to the development 
of this technique in animal experiments for visualization of the 
portal venous system. Enlarging the tract in the liver between 
the hepatic and portal venous systems using dilatation catheters 
and maintaining patency by inserting Teflon tubing was the next 
step (▶ Fig. 13.1). These experimental shunts in canines, however, 
stayed patent for only 2 weeks and then thrombosed because of 
their small (4 to 6 mm) diameters and slow portal flow caused by 
a lack of portal hypertension (PHT). In a final report in 1971, the 
conclusion was that TIPS was a feasible technique. Even though 
one of the authors was able to demonstrate TIPS in human liver 
specimens and cadavers, technology at that time was not suffi-
ciently advanced for TIPS to be clinically applicable.1 Progress in 
technology has helped to advance TIPS from an experimental to 
a clinical procedure. Introduction of dilatation balloon catheters 
allowed Ronald Colapinto to perform the first clinical TIPS in the 
early 1980s.2 However, even continuous 12-hour dilatation of the 
liver puncture tract offered only temporary results. Introduction 
of expandable metallic stents in the mid 1980s finally made TIPS 
a clinical reality. Palmaz explored using his balloon-expandable 
stents to create TIPS in dogs and achieved long-term primary 
patency.3 The first clinical TIPS procedure using stents was per-
formed in January 1988 in Freiburg, Germany, by Goetz Richter 
and associates using Palmaz stents.4 Their success inspired many 
interventionalists to introduce TIPS procedures at their hospitals 
and contributed to a rapid expansion of this new technique. Intro-
duction of a stent graft for TIPS in the late 1990s then brought 
further progress and significantly improved the long-term results 
of TIPS.

Present Status
Presently, 24 years after its clinical introduction, TIPS has become 
widely disseminated throughout the world and has been accepted 
as a minimally invasive treatment of the complications of PHT. 
More than 2300 citations on PubMed for “transjugular intrahe-
patic portosystemic shunt” speak for popularity and scientific 
interest in TIPS.

TIPS is a challenging procedure. Clinically, it requires detailed 
knowledge of patient’s general condition and anatomy of his or 
her hepatic and portal venous systems. Technically, it calls for a 
skillful interventionalist experienced with jugular vein access, 
catheterization of hepatic veins, intrahepatic access to main por-
tal branches, dilatation of the intrahepatic tract, and placement of 
the expandable stent or stent graft. Procedural success and free-
dom from complications were reported to be closely related to 
the experience of the operator. The average technical success rate 
of TIPS was reported at 97.3% with failure rate higher in those 

institutions having performed fewer than 100 procedures.5 Sim-
ilarly, the rate of fatal procedural complication was reported at 
1.4% at institutions with more than 150 procedures and at 3% 
with fewer than 150 TIPS.5

In current practice, the majority (80%–90%) of TIPS procedures 
are performed on an elective basis.6–9 The main indications for 
TIPS are prevention of recurrent bleeding from gastroesopha-
geal or ectopic varices and management of refractory ascites or 
recurrent hepatic hydrothorax. An emergency “rescue” TIPS for 
acute uncontrollable variceal bleeding, which used to be a com-
mon indication for TIPS in earlier years, should be done only in 
patients with a reasonable chance of survival (see Chapter 21).

Procedure Planning
To facilitate the TIPS procedure, the interventionalist needs to 
become familiar with the anatomy of the liver and its venous 
and portal vasculature, which are often distorted by processes 
leading to PHT.10,11 Abdominal ultrasonography, including duplex 

Fig. 13.1  The first successful experimental transjugular intrahepatic 
portosystemic shunt created in a canine in November 1968 with use of 
Teflon tubing. Reprinted from Rösch J, Hanafee WN, Snow H. Transjugular 
portal venography and radiologic portacaval shunt: an experimental study. 
Radiology 1969;92:1112–1114; with permission from RSNA.
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evaluation of the portal and hepatic veins, has been often used for 
pre-TIPS evaluation. We prefer the cross-sectional liver imaging 
by computed tomography because it provides a detailed view of 
the liver anatomy and pathology (▶ Fig. 13.2).

In particular, the anatomic relationship between the hepatic 
and portal veins can be determined and the optimal site for intra-
hepatic portal vein entry selected.

Before the procedure, ascites is often drained. This lowers the 
position of the liver and thus facilitates catheterization of hepatic 
veins and introduction of the portal vein access set. Hepatic 
hydrothorax is not evacuated. All patients receive antibiotics 
before the procedure (1 g of cefazolin). In patients with significant 
penicillin allergy, vancomycin is used as an alternative.12

The Procedure
Some interventionalists perform TIPS with conscious sedation 
using a combination of fentanyl and midazolam. In patients with 
alcohol dependence, they augment sedation with droperidol.12 
Presently, we now perform TIPS with our patients under general 
anesthesia. General anesthesia is easier and safer in uncooper-
ative patients and in all cases permits the interventionalist to 
concentrate completely on the procedure. The anesthesiologist 
can provide apnea during parts of the procedure such as intra-
hepatic puncture and filming. Electrocardiographic monitoring 
is required, especially during passing catheters across the right 
atrium.

Portal Vein Access Set
Presently, there are four commercially available transjugular 
access sets for TIPS in the United States. The Ring set, the Rösch-
Uchida set (RUPS), and the Haskal set are all from Cook Medical 
(Bloomington, IN), and the fine-needle access set is from Angio-
Dynamics (Lantham, NY). There are only minor differences among 
these sets, and the choice is mostly based on personal preference. 
We use the RUPS (▶ Fig. 13.3). With this equipment, the hepatic 
vein and portal vein puncture is done with a sharp 0.038 trocar 
stylet inside a well-tapered 5-Fr catheter. A curved 14-gauge stiff-
ening cannula inside a curved 10-Fr catheter and a 10-Fr Flexor 
introducer sheath ensures stable position for the trocar puncture. 

The curved tip of the cannula can be manually adjusted depend-
ing on the anatomy of the hepatic veins.

Hepatic Vein Catheterization
The right internal jugular venous approach is most commonly 
used for TIPS because of its straight course to the inferior vena 
cava (IVC). The left internal jugular vein is used when the right 
vein is occluded and often in patients with high position of the 
liver. The left-sided approach gives the portal vein access set a 
more oblique orientation that favors catheterization of horizon-
tally directed hepatic veins.

Jugular vein access is performed with a micropuncture (21-
gauge) needle under ultrasonic guidance. The midportion of the 
neck is usually selected for access. After sterile skin preparation, a 
small skin incision with a scalpel that is dilated with a hemostat, 
the jugular vein is accessed. The access site is then dilated with 
the micropuncture catheter, and a 0.038-J guidewire is intro-
duced and advanced through the right atrium into the IVC. The 
skin and subcutaneous tissue of the neck are then dilated with an 
11-Fr dilator, and the RUPS access set without the trocar stylet is 
introduced. The hepatic vein is catheterized. This is accomplished 
using the curve of the metal cannula with the leading guidewire. 
If the guidewire will not exit the right atrium, it is withdrawn into 
the superior vena cava, and the curve of the metal cannula is used 
to orient the guidewire through the right atrium into the IVC and 
hepatic vein.

Fig. 13.2  Reformatted liver computed tomography scan demonstrating 
anatomic relation of hepatic veins and portal vein bifurcation.

Fig. 13.3  The portal vein access set (Rösch-Uchida set [RUPS], 
Cook Medical). (1) 0.038-in trocar stylet; (2) Tapered 5-Fr catheter; 
(3) 14-gauge cannula; (4) 10-Fr catheter ; (5) 10-Fr flexor sheath; 
(6) Assembled RUPS.
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Selection of the correct hepatic vein for access to the portal vein 
is critical for successful TIPS because it determines the anterior or 
posterior orientation of the metal cannula for portal vein access. 
The right hepatic vein, when of sufficient size, is best suited for 
TIPS because of its location and relation to the portal vein. It lies 
superiorly, posteriorly, and slightly laterally to the right portal 
vein. If the right hepatic vein in a cirrhotic liver is small or cannot 
be safely be catheterized, then either the middle hepatic or left 
hepatic vein can be used to create TIPS. The middle hepatic vein 
lies superiorly and anteriorly and sometimes slightly medially to 
the right portal vein. The left hepatic vein is anterior, superior, 
and lateral to the left portal vein.10,11

Wedged Hepatic Venogram
Wedged hepatic venography gives useful information about the 
portal venous anatomy, particularly the position of the portal 
vein. We perform it using an occlusion balloon catheter and CO2 as 
contrast material (▶ Fig. 13.4). When the 10-Fr sheath of the RUPS 
set is securely located in the preselected hepatic vein, the inner 
5-Fr catheter, metal stiffening cannula, and 10-Fr Teflon catheter 
are removed. A 5-Fr occlusion balloon catheter is introduced into 
the sheath, and the balloon inflated with dilute contrast mate-
rial sufficiently to wedge the catheter in the midportion of the 
catheterized hepatic vein. Thirty to 50 mL of sterile CO2 is rapidly 
injected while digital subtraction images are obtained. We prefer 
the “balloon occlusion” technique to wedging an end-hole catheter 
peripherally in a small hepatic vein because it is more effective 
and safer.

Portal Vein Access
Portal vein access is initiated in the proximal 2 to 3 cm of the 
hepatic vein cephalad to the expected location of the target portal 
vein main branch. Visualization of the portal vein during hepatic 
wedged venography serves as guidance for orientation of the 
puncture.13 The locked access set is rotated anteriorly in the right 
hepatic vein or posteriorly in the middle or left hepatic veins. 
The tip of the 10-Fr catheter is then wedged inferiorly against the 
hepatic vein wall. This step of wedging is essential for successful 

liver puncture because if the tip of the 10-Fr catheter is free in 
hepatic vein, the needle slides along the vein wall rather than 
piercing it. Portal vein access should be about 2 cm lateral to the 
portal bifurcation. In this position, the liver parenchymal tract 
and the TIPS are almost a continuation of the portal vein, thus 
having optimal flow. Also, the superior portal vein wall is intra-
parenchymal with no risk of extraparenchymal portal access. The 
puncture is performed with a sharp thrust of the locked trocar 
and 5-Fr catheter into the hepatic parenchyma for a distance of 3 
to 5 cm. The trocar stylet is removed, and a 10-mL syringe con-
taining contrast material is attached to the 5-Fr catheter. During 
its slow withdrawal, suction is applied. When blood is aspirated, 
contrast material is injected to confirm catheter position in the 
portal system (▶ Fig. 13.5).

When the portal system is not entered, the trocar stylet is rein-
troduced into the 5-Fr catheter, and the puncture is repeated in 
slightly medial or lateral projection. It can take several attempts 
to access the portal vein in proper location, particularly in 
patients with cirrhosis who have distorted portal anatomy. In dif-
ficult cases, we use a Siemens Acuson AcuNav 8- or 10-Fr ultra-
sound intravenous catheter introduced by the femoral approach. 
With its capability of side-view imaging up to 15 cm in depth, it 
provides visualization of the selected portion of the portal vein, 
facilitating access14 (▶ Fig. 13.6). During all of these and subse-
quent maneuvers, rotation of the metal cannula should be main-
tained, but the operator should allow the portal vein access set to 

Fig. 13.4  Wedged hepatic venogram with CO2.

Fig. 13.5  Portal vein access under fluoroscopy with contrast material 
test injection confirming position of 5-Fr catheter in portal circulation. 
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move slightly with inspiration and expiration.6 When the portal 
vein is accessed, a 0.038-inch Bentson or an angled hydrophilic 
guidewire is introduced (▶ Fig. 13.7). It often advances laterally 
initially but then prolapses down into the main portal vein. If the 
guidewire does not go in the desired direction, a catheter with 
small radius curves such as the RIM or Binkert catheter is used to 
direct it into the portal vein.

With the 5-Fr catheter safely in the portal vein and while 
keeping the cannula wedged, the 10-Fr catheter is unlocked and 
advanced over the guidewire into the portal vein, dilating the 
liver parenchymal tract. At that point, often the sheath is also 
advanced into the portal vein. With a hard liver, the cannula can 
be advanced with the 10-Fr catheter to stiffen it and overcome the 
resistance of liver parenchyma and the portal vein wall. Exchange 
for an Amplatz stiff guidewire may help with this step. The 10-Fr 
catheter and metal cannula are removed, and the 10-Fr sheath is 
withdrawn to the right atrium. A calibrated sizing pigtail catheter 
is then introduced into the portal system for pressure measure-
ment and portal venography.

Fig. 13.6  Portal vein access under intravenous ultrasound control. 
TIPS: transjugular intrahepatic portosystemic shunt.

Fig. 13.7  (a) A schematic illustration of the relationship between the portal and hepatic veins and their branches, and the inferior vena cava and the liver. 
The red arrows depict the direction of blood flow with portal hypertension and varices. (b) A schematic illustration and (c) radiograph demonstrate the 
introduction of the TIPS set into the right hepatic vein over a guidewire. (d-f) A schematic illustration and radiographs show that the TIPs set is rotated 
anteriorly (counterclockwise). (continued)
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Fig. 13.7  (Continued) The radiographs depict the TIPs set (e) before and (f) after rotation. (g,h) A schematic illustration and radiograph show the needle 
puncturing from the hepatic to the portal vein. (h) The 5-French catheter is protruding distally from the TIPS set. Its tip is in the right portal vein. (i,j) A 
schematic illustration and radiograph show the completed puncture from the hepatic to the portal vein with a guidewire in the splenic vein (i) and the 
superior mesenteric vein (j). (continued)
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Fig. 13.7  (Continued) (k) Pigtail angiographic catheter in main portal vein before venogram. (l) Initial portal venogram, with a 
portosystemic gradient (PSG) of 33 mm Hg. (m,n) A schematic illustration and radiograph show dilation of the parenchymal track with 
an angioplasty balloon. The indentations on the balloon in (n) indicate the locations of the hepatic and portal vein walls at the site 
of their punctures. (o,p) Placement and deployment of the TIPS stent graft. (o) A schematic illustration shows the proper location to 
deploy the TIPS stent graft. (p) A radiograph shows the stent graft deployed. (continued)
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Fig. 13.7  (Continued)  (q,r) A schematic illustration and radiograph show the dilation of the TIPS stent graft 
with an angioplasty balloon. (s) After TIPS all the portal system blood flow is up to the liver (red arrows) and 
no longer up to the esophageal varices. (t,u) Portal venograms before and after TIPS: (t) Prior to TIPS, the 
portosystemic gradient (PSG) is 33 mm Hg and there is flow up to the esophageal varices. (u) After TIPS, the 
portosystemic gradient is reduced to 10 mm Hg and portal blood flow is directed through the TIPS with no 
more flowing through the embolized varices.
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Pressure Measurements and Portal 
Venography
Measurements of pressures in the portal system and the right 
atrium and portal venography are important parts of the TIPS 
procedure.15 The difference between the pressure in the portal 
vein and the right atrial pressure is the portal systemic pressure 
gradient (PSPG). This provides information on the severity of PHT 
and is useful in determining the appropriate diameter of the stent 
graft. Portal pressure is measured with the pigtail catheter in the 
main portal vein. The venous systemic pressure is measured with 
the 10-Fr sheath retracted into the right atrium. In the normal 
liver, the PSPG does not exceed 5 mm Hg. PHT is defined with 
gradient exceeding 6 mm Hg. Clinical complications usually occur 
only when the PSPG exceeds 10 mm Hg.

Portal venography is important for evaluation of portal system 
anatomy and the location and extent of varices and to determine 
the length of the planned stent graft. Before portal venography, 
the 10-Fr sheath is first advanced to the origin of the hepatic vein, 
and its position is confirmed with a contrast injection. The sizing 
pigtail catheter is then advanced into the splenic vein. If evalu-
ation of mesenteric or rectal collaterals is necessary, that cath-
eter tip is placed into the superior or inferior mesenteric vein. 
Depending on the size and flow in portal circulation, 25 to 45 mL 
of contrast material is injected in 3 to 4 seconds. The distance 
between the accessed portal vein wall and the junction of the 
hepatic vein with the IVC, plus 1 cm, is the required length of 
the stent graft to be used (▶ Fig. 13.8). With a very curved tract, a 
2-cm longer prosthesis is used.

Dilatation of the transhepatic tract is the next step. A stiff 
Amplatz-type exchange guidewire is introduced, and the pigtail 
catheter is removed. A high-pressure balloon catheter, 8 mm in 
diameter and 4 cm in length is then positioned across the trans
hepatic tract to cover both access sites in the hepatic and portal 
veins. The balloon is inflated with dilute contrast under fluoro-
scopic visualization. Although the liver parenchyma tract dilates 
easily, the wall of the portal vein offers considerable resistance, 
and a persistent waist is seen on the balloon until increased bal-
loon inflation pressure is applied. Without general anesthesia, the 
patient feels considerable discomfort, and additional analgesia is 
required. After balloon deflation, the 10-Fr sheath is advanced 
into the portal vein for stent graft deployment, and the balloon 
catheter is removed. The guidewire remains.

Endograft Deployment
After long experience with various bare stents and repeated 
interventions to keep TIPS patent and functional, we now exclu-
sively use ePTFE-coated stent grafts (Gore Viatorr) for all our TIPS 
(▶  Fig.  13.9). With proper placement of this device, TIPS stay 

Fig. 13.8  Portography with additional contrast injection into 10-Fr 
sheath for measurement of the needed endograft length (8 cm in this 
case). The arrows indicate the top and bottom ends of the TIPS stent 
graft.

Fig. 13.9  Viatorr endoprosthesis (WL Gore). (a) Endoprosthesis 
contained by plastic access sleeve. (b) Expansion of the distal uncovered; 
the portal portion of the endoprosthesis after removal of the 
introducing sheath. (c) Fully expanded endoprosthesis.
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10 mm. Patients with ascites are at higher risk of encephalopathy, 
and although we place a 10-mm-diameter graft, we often leave it 
at 8 mm diameter or less. Sometimes we place a constricting bal-
loon-expandable stent in the parenchymal tract before endograft 
deployment for control of TIPS diameter (▶ Fig. 13.11).

Exact placement of the endograft is essential for long-term 
TIPS patency and function.17 The endoprosthesis delivery cathe-
ter flushed with heparinized saline is introduced into the 10-Fr 
sheath over the 0.035-inch stiff guidewire and advanced to its tip 
that is deep in the portal vein. The 10-Fr sheath is then retracted 
about 3 cm, allowing the uncovered 2-cm-long portion of endo-
prosthesis to expand. The 10-Fr sheath with the delivering cath-
eter is then slowly retracted to the accessed portal vein wall. The 
radiopaque marker at the beginning of the covered endoprosthe-
sis should be at the portal vein wall. Slight compression of the 
junction of the bare and covered endoprosthesis (marked with a 
radiopaque ring) during withdrawal indicates that it is entering 
the portal vein wall. The endoprosthesis may then be advanced 
for 3 to 4 mm to ensure that its bare part is not in the paren-
chymal tract or deployed as is. The 10-Fr sheath is then retracted 
back into the IVC, and the covered part of the endoprosthesis is 
released by pulling the constraining cord. The delivery catheter is 
removed. A radiopaque marker at the upper end of endoprosthe-
sis indicates its relation to the IVC. The deployed endoprosthesis 
is usually dilated with a 10-mm-diameter balloon catheter. A 5-Fr 
pigtail catheter is then reintroduced for follow-up PSPG measure-
ments and portal venography (▶ Fig. 13.12).

Generally, decrease of the PSPG to 12 mm Hg or less is an opti-
mal result in bleeding patients. In patients with ascites, reduc-
ing the portosystemic gradient by half should be satisfactory.16,18 

Fig. 13.10  Schematic drawing of ideal Viatorr endoprostesis position.

patent and function well (▶ Fig. 13.10). Although the Viatorr is 
more expensive than bare stents, its increased cost is well justi-
fied by the markedly decreased need for reintervention.

The final diameter of the endoprosthesis is influenced by the 
indication and the pressure gradients, but we generally use a 
10-mm-diameter endograft.16 For patients with bleeding, a lower 
final gradient is preferred, and thus the TIPS is often dilated to 

Fig. 13.11  Transjugular intrahepatic portosystemic 
shunt constricting stent placement for ascites. (a) A 
dilated Palmaz stent in the distal portion of the created 
intrahepatic tract. (b) Viatorr endoprosthesis after 
dilatation with an 8-mm balloon.
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endoprosthesis wall. When indicated, a 5-Fr curved catheter is 
introduced for variceal embolization.

Variceal Embolization
There has been no consensus on the use and timing of variceal 
embolization during TIPS creation. After our extensive experi-
ence, we now perform variceal embolization in patients who are 
active by bleeding or with recent (7 to 10 days) history of variceal 
bleeding. It has been documented that embolization of varices in 
these patients prevents or decreases recurrent variceal bleeding.19 
As for the timing of embolization during the TIPS procedure, there 
is not consensus even among interventionalists in our institute. 
Some interventionalists embolize varices before endograft place-
ment when the variceal flow is oriented in hepatofugal direction. 
Others perform embolization after creation of TIPS. They first 
concentrate on creation of TIPS, performing embolization second-
arily even when follow-up venography shows decreased variceal 
filling. Selective catheterization and venography, however, gives 
good variceal visualization. Occlusion of varices prevents further 
hepatofugal flow and increases hepatopetal flow to both the liver 
and through the TIPS. Therefore, it theoretically may reduce the 
risk of hepatic encephalopathy.19,20

Mechanical occlusive devices such as stainless steel coils or Amp-
latzer occluders are used first to decrease flow. They have to be sig-
nificantly oversized relative to varices or their feeding veins. After 
creating a large mechanical block, small coils are added as needed 
to further decrease flow, finally followed by a larger coil to pre-
vent their dislocation into the portal system (▶ Fig. 13.13). If some 
flow in varices still remains, sclerosing agents such as Sotradecol 
or absolute alcohol can be infused to accelerate variceal occlusion.

Postprocedural Management
After hemostasis of the jugular vein access is obtained, patients 
who received their TIPS for active bleeding are transferred to 
the intensive care unit. Patients who had their TIPS for ascites 
are monitored in a stepdown interventional radiology unit over-
night. It is important to monitor central venous pressure because 
increased inflow from the portal circulation into the right atrium 

Fig. 13.12  Follow-up portogram after endoprosthesis deployment and 
its dilatation with a 10-mm balloon.

When the follow-up portogram shows incomplete coverage of 
the entire TIPS tract, particularly at the hepatic vein origin, a sec-
ond endoprosthesis should be added so that the entire hepatic 
vein is covered. At the end of deployment, the pigtail catheter is 
removed over the guidewire with care taken to not damage the 

Fig. 13.13  Transjugular intrahepatic 
portosystemic shunt with embolization 
of gastric varices. (a) Portogram before 
embolization. (b) Follow-up portogram 
after embolization with Amplatzer 
occluders.
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may lead to decompensation in patients with limited cardiac 
reserves. On the following day, the patients are returned to their 
hepatology wards to their referring physicians. The patients 
referred from other hospitals or clinics are often sent home. We 
schedule all patients for a 2- to 3-week follow-up visit in our 
outpatient clinic. At that time, we perform a baseline Doppler 
sonographic examination of the TIPS. Earlier examination does 
not give reliable results because of air trapped within the layers of 
the Viatorr endograft. Patients remain in the care of their primary 
physicians and are referred to us only for clinical suspicion of TIPS 
malfunction.

Periprocedural Complications and 
Their Prevention
When performed by experienced interventionalists, TIPS is 
safe and can be completed in 60 to 90 minutes. However, com-
plications can occur, especially when contraindications to the 
procedure are neglected or proper procedural technique is not 
followed.21,22 In patients with model for end-stage liver disease 
(MELD) scores exceeding 18 and short life expectancy, TIPS often 
accelerates liver failure. Patients with limited cardiac reserves can 
develop cardiac failure after TIPS. Neglect of preprocedural portal 
vein cross-sectional visualization makes the portal vein access 
completely blind with the attendant increased risk.

Jugular vein access with a micropuncture needle made under 
ultrasonic guidance almost eliminates complications experienced 
associated in the past with access guided by surface landmarks 
and carotid artery palpation. Similarly, advancement of the 
guidewire and the RUPS access set through the right atrium under 
fluoroscopic control prevents cardiac rhythm complications. 
With wedged hepatic venography, the use of a balloon occlusion 
catheter and moderate-pressure CO2 injection reduces possible 
complications of peripheral catheter contrast medium injection 
such as hemorrhagic hepatic infarction and subcapsular hemat-
oma. Numerous complications have been reported related to the 
transhepatic access of the portal vein, the most technically chal-
lenging aspect of the TIPS procedure. These include punctures of 
the intrahepatic biliary ducts and arteries; extrahepatic access of 
the portal vein; and extracapsular punctures with entrance into 
the peritoneum, gallbladder, and right kidney. These could lead to 
hemobilia, intrahepatic hemorrhage, hepatic infarction, and intra-
peritoneal bleeding. With good knowledge of hepatic and portal 
vein anatomy and cautious access and needle manipulation, most 
of these complications can be avoided except accidental entrance 
into intrahepatic biliary ducts or arteries (▶ Fig. 13.14). In these 
cases, it is imperative to recognize what has occurred during test 
injection with contrast material, and the trocar needle is removed 
for another attempt for portal vein access.

Close attention to selection of the endograft length and careful 
placement enables proper positioning with covering the entire 
intrahepatic tract from the portal vein wall to the IVC. When 
properly positioned, TIPS using endografts exhibits long-term 
patency and function in 80% to 90% of cases. No complications 
develop if 3 to 5 mm of the covered part of endograft extends 
into the portal vein and the IVC. Longer covered endograft exten-
sion into the portal vein, however, can decrease flow, limit liver 
perfusion, and lead to thrombosis of the intrahepatic portal vein. 
Similar flow problems may develop with long extension of the 

Fig. 13.14  Portal vein access complication with filling of biliary tree and 
lymphatics. A guidewire is in the portal vein.

endograft into the IVC. An extension of the bare part of the endo-
graft above the portal vein wall into the liver parenchymal tract 
leads to early development of stenosis and shunt malfunction.

The occasionally reported endograft migration can be pre-
vented by proper sizing, positioning during deployment, and 
using caution during exchange of catheters in the newly placed 
device. Particularly, the pigtail catheter should be straightened 
and balloon dilatation catheters completely deflated before their 
removal. During variceal embolization, selection of oversized 
occlusive devices prevents both their peripheral embolization 
and central migration.

The use of the smallest volume of contrast medium as possi-
ble should always be kept in mind because of many patients have 
compromised renal function. Patients with cirrhosis also have 
poor tolerance of infection. Therefore, the procedure must be per-
formed under strict aseptic conditions and antibiotic coverage to 
prevent the occasionally reported sepsis after the procedure.

TIPS placement often results in exacerbation of old or develop-
ment of new encephalopathy. Encephalopathy can be decreased 
by limiting the diameter of endoprosthesis, and underinflation of 
the placed endograft can preserve portal liver perfusion. In case 
of recurrence of a patient’s bleeding or ascites, the endograft can 
be dilated to its original size. In patients with encephalopathy 
uncontrolled by medical treatment, reduction of TIPS diameter is 
necessary. The techniques of reduction are described in Chapter 18.

Conclusion
TIPS is a challenging procedure. However, in the hands of skill-
ful, experienced interventionalists, it is performed safely in the 
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overwhelming majority of cases. Careful evaluation of the indica-
tions for TIPS and careful adherence to good interventional tech-
nique are essential for prevention of TIPS complications.

Clinical Pearls
•	 The origin of TIPS can be traced to inadvertent entries into 

intrahepatic portal branches during transjugular cholangiog-
raphy done in the late 1960s.

•	 The first clinical TIPS procedure using stents was performed in 
January 1988 in Freiburg, Germany, by Goetz Richter.

•	 TIPS is a challenging procedure. However, in the hands of 
skillful, experienced interventionalists, it is performed safely 
in the overwhelming majority of cases.

•	 Careful evaluation of the indications for TIPS and careful 
adherence to good interventional technique are essential for 
prevention of TIPS complications.

•	 Selection of the correct hepatic vein for access to the portal 
vein is critical for successful TIPS.

•	 Exact placement of the endograft is essential for long-term 
TIPS patency and function.

•	 Longer (>5 mm) covered endograft extension into the portal 
vein, however, can decrease flow, limit liver perfusion, and 
lead to thrombosis of the intrahepatic portal vein.
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Chapter 14: The Difficult Transjugular Portosystemic Shunt 
Procedure: Unconventional Techniques
Michael D. Darcy

Introduction
Although transjugular intrahepatic portosystemic shunts (TIPS) 
have become a mainstream procedure, they can still be technically 
challenging. Technical success rates are generally 90% to 100%,1,2 
although this tends to overestimate the ease with which these 
procedures are accomplished. This chapter covers anatomic prob-
lems that can increase the difficulty of a TIPS and strategies for 
achieving technical success despite these obstacles.

Indications and Contraindications
Indications for variations in standard tips technique include any 
case in which anatomic factors preclude performing TIPS in the 
standard way. These include but are not limited to:
•	 Venous access stenosis or occlusion
•	 Difficult angulation from the inferior vena cava (IVC) to the 

hepatic veins (HVs)
•	 HV occlusions
•	 Hepatic parenchymal problems (cysts, tumors, or fibrosis)
•	 Portal vein (PV) occlusions

Contraindications to specialized TIPS techniques include:
•	 The usual contraindications for any TIPS procedures (see other 

chapters)
•	 Lack of operator experience because some of these specialized 

techniques should not be attempted unless the operator is 
comfortable with standard TIPS procedures

Procedures
Access Problems
The initial step of any TIPS requires getting to the HVs from the 
venous access site. Occlusion of the right internal jugular (RIJ) 
vein can make TIPS more difficult right from the onset. It may be 
possible to puncture a thrombosed RIJ and recanalize the vein. 
Alternatively, a collateral vein may be useable if it communicates 
in a straight line down to the superior vena cava (SVC). If the 
right-sided access is not possible, the left IJ can be used. Hauseg-
ger et al3 reported a 92% technical success rate for 12 TIPS done 
from a left IJ approach.

If the SVC is occluded, preventing access from above, perform-
ing the TIPS from a femoral approach has been described. One 
technique is to advance the puncture needle from an inferior HV 
into a portal branch.4,5 Alternatively, a fine needle can be advanced 
percutaneously through a main portal branch into the IVC using 
CT or ultrasound guidance. A wire passed through this needle can 
then be snared from a femoral approach, and the rest of the case 
can then be done from the femoral access.6

Hepatic Vein Problems
The angle between the HV and the IVC can be very acute, par-
ticularly if the liver is small and pushed cephalad by significant 

ascites. This can make it difficult to advance the access needle 
into the HV. Adding some additional curve to the puncture nee-
dle can make it easier to advance the needle into the HV. The nee-
dle should be bent with a stiff wire in the lumen to avoid kinking 
the needle. Also, it is best to add the curve over several centime-
ters rather than trying to bend the needle too acutely in any one 
area. An acute angle from the IVC into the HV can also increase the 
chances that the needle may pop out into the IVC as the needle is 
positioned to make passes. Because breathing can cause caudal 
motion of the liver, light continuous pressure should be main-
tained on the needle to avoid the needle’s popping out of the HV.

Hepatic vein occlusion can also present a major challenge. In 
Budd-Chiari syndrome, there is often still an HV stump. If this 
stump can be engaged with the access needle, passes toward the 
PV can be initiated from this stump (▶ Fig. 14.1). If no HV stump 
can be catheterized, needle passes can be made directly from 
the IVC. It is important to start in the upper 5 or 6 cm of the IVC 
because this is the intrahepatic segment. Puncturing from below 
this level risks starting from an extrahepatic location, raising the 
chance of hemorrhage. Because wedged hepatic venography can-
not be performed, one may not know where to aim the needle. 
Boney landmarks can provide a rough guide. Using the patient’s 
own vertebral body width as a unit of measure, 90% of right por-
tal trunks are approximately one vertebral body width lateral to 
the spine.7 Alternatively, the needle may be partially advanced to 
engage the liver parenchyma, and an intraparenchymal injection 
of CO2 will often opacify the portal system (▶ Fig. 14.2).

Liver Parenchymal Problems
Because there is a higher incidence of hepatocellular carcinoma 
(HCC) in patients with cirrhosis, the radiologist may encounter 
patients with HCC who need TIPS. There are theoretic concerns 
about creating a TIPS tract through a tumor, including an increased 
risk of bleeding and hematogenous seeding of the tumor. Careful 
analysis of prior cross-sectional imaging may allow one to choose 
a path that does not transgress the tumor. This may mean using 
an atypical pathway such as the left HV to the left PV to avoid a 
large right lobe HCC.

Polycystic liver disease has been previously considered to be a 
contraindication to TIPS, presumably for fear of potential bleeding 
from the parenchymal tract into one of the cysts. However, sev-
eral reports have described safe creation of TIPS in this setting.8–11 
Again, analysis of prior computed tomography or magnetic reso-
nance imaging scans may help choose a path through a portion 
of liver that may be relatively free of cysts. As the access needle is 
advanced through the liver parenchyma, if a cyst is encountered, 
the needle may be redirected around the cyst, although it has 
never been proven that it is necessary to avoid going through cysts. 
With modern use of stent grafts for TIPS, the cyst would presuma-
bly be excluded from the blood flow through the shunt. The cysts 
cause expansion of the liver; thus, the tract from the HV to PV will 
be longer than for a TIPS in a liver without polycystic disease. Thus 
longer or overlapping stent grafts will be needed to line the tract.
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Fig. 14.1  Female patient with Budd-
Chiari syndrome. (a) The hepatic 
venogram shows small spidery veins 
too small to accept the TIPS sheath and 
access needle. (b) Simultaneous portal 
and hepatic venograms after portal 
access was gained. The arrow points 
to the hepatic vein stump from which 
needle passes were initiated.

Fig. 14.2  CO2 injection done through a long 21-gauge Chiba needle 
(arrow) advanced into the liver parenchyma. The portal system was well 
opacified which facilitated gaining access into the portal vein.

Portal Vein Problems
In small, shrunken, cirrhotic livers, the PV is more cephalad rel-
ative to the HV compared with the relationship seen in normal 
livers. In this situation, it is difficult to advance the access needle 
anteriorly enough, and the standard needle curve tends to pass 
caudal to the right portal trunk. Adding additional curve to the 
access needle can compensate and allow access into the PV. Alter-
natively, a long 21-gauge Chiba needle (Cook Inc., Bloomington, 
Indiana) can be advanced through the larger access needle, and 
this Chiba needle can be curved near its tip to provide additional 
curvature to the needle pass.12

If the PV is exceptionally high and cannot be punctured from 
the HV, the gunsight technique can be used.13 With this technique, 

a snare is placed into the right PV via a percutaneous access, and 
a second snare is advanced from the jugular access into the HV. 
The two snares are fluoroscopically lined up by angling the image 
intensifier. A needle is then passed percutaneously through both 
of these snares. A wire passed through the percutaneous needle 
is pulled out the jugular access by the HV snare. This provides 
through-and-though wire access, which allows catheters to be 
passed from the jugular access across the tract into the PV.

Even with a normally positioned PV, accessing the PV is usually 
the most difficult aspect of a TIPS, and an inability to access the 
PV is a common cause of technical failure. Clearly, prior imaging  
should be reviewed before the case to determine if the PV is 
patent before starting TIPS.

If the PV is known to be patent and cannot be punctured, some 
attempt should be made to better localize the location of the PV. 
External ultrasonography can be used to identify the needle and 
its relationship to the right PV, but in the author’s experience, this 
is difficult and requires a second operator to hold the ultrasound 
probe while the primary operator wields the transjugular needle.

One can replace the access needle with a balloon occlusion 
catheter in the HV for wedged venography if this was not already 
done at the start of the case. An easier step, if the needle is already 
in the liver parenchyma, is to do an intraparenchymal injection of 
CO2, which will opacify the PV in the majority of cases.14

If one fails to find a PV that known to be patent, one should 
consider if he or she is searching in the wrong direction. Although 
the middle and right HVs can usually be easily distinguished, if the 
liver anatomy is distorted, it can be confusing as to which HV the 
operator is in. If the operator keeps turning the needle anteriorly 
thinking he or she is in the right HV but he or she is actually in the 
middle HV, gaining portal access will be unlikely, and continued 
needle passes are futile. In a number of cases, after multiple failed 
anterior needle passes from the presumed right HV, the author has 
found that turning the needle posteriorly allowed successful punc-
ture of the PV. Even if the operator misjudges which HV he or she is 
in, a middle HV to PV shunt will still decompress the portal system.

If these maneuvers fail, more invasive means can be used. With 
ultrasound guidance, the left PV can usually be easily accessed for 
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Fig. 14.3  (a) Portal venogram done via a catheter that has been advanced up the paraumbilical vein (arrow) into the main portal vein (PV). (b) The 
paraumbilical catheter has been manipulated so that the tip (arrow) is in the right portal trunk. (c) A wire passed through the paraumbilical catheter into 
the right PV acts as a fluoroscopically visible target for the puncture by the transjugular needle. (d) Portal venogram showing that access into the portal 
system was achieved precisely where the target wire had been positioned.

percutaneous placement of a wire or snare across into the right 
portal trunk. This can act as a live fluoroscopic target. The main 
risk this adds is the puncture of the liver capsule, and in a patient 
with ascites or coagulopathy, this increases the potential for 
intraperitoneal hemorrhage from the tract. However, if the per-
cutaneous tract is embolized before this access is totally removed, 
the risk of hemorrhage is low. This can be done by pushing gel-
foam pledgets or coils through the access sheath or catheter as it 
is withdrawn through the parenchyma.

Access into the portal system can also be obtained by paraum-
bilical vein puncture if the patient has a large recanalized paraum-
bilical vein. This access is obtained in the extraperitoneal portion 

of the anterior abdominal wall, and thus there is no violation of 
the liver capsule. Unfortunately, a recanalized paraumbilical vein 
large enough to puncture is only present in approximately 9% 
to 19% of cases.15 If accessed, a catheter can be advanced up the 
recanalized paraumbilical into the portal system for venography 
and to place a wire or catheter as a target for the transjugular 
puncture attempts (▶ Fig. 14.3). Small vein size or tortuosity of 
the paraumbilical vein may prevent cannulation of the main PV 
even after successful access of a paraumbilical vein.

Rather than using invasive means to simply provide a target in 
the PV, a percutaneous approach can be used to actually create 
the tract between the HV and PV.16 Using ultrasound guidance, 
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a needle can be passed percutaneously through the right PV and 
on into the right HV. A wire fed through this needle can be snared 
and pulled out the jugular sheath. A catheter can then be fed over 
this wire from the jugular access down into the PV, providing the 
normal transjugular access route for stent deployment. This is 
similar to the gunsight technique but without using snares or the 
extra transhepatic access needed to get a snare into the PV.

Often the PV is surrounded by dense fibrous tissue. This can 
make it difficult to penetrate into the vein with a larger system such 
as a Colapinto needle (Cook Inc., Bloomington, Indiana). In fact, if 
the Colapinto needle flexes rather than penetrating farther into the 
liver, this is often a sign that the needle is indeed pointing at the PV. 
Decreasing the gauge of the needle used for the puncture allows 
better penetration through this dense tissue. A long 21-gauge Chiba 
needle can be introduced through the Colapinto needle and used to 
penetrate into the PV (▶ Fig. 14.4). The disadvantage of this is that 
this Chiba needle will only accept a 0.018-in wire over which it 
can be tough to advance larger catheters or sheaths. A stiff 0.018-in 
wire such as a Flex-T (Mallinckrodt Inc., St. Louis, Missouri) pro-
vides enough support that the Chiba needle can often be advanced 
over the wire down into the main PV. The Chiba needle can then be 
held steady like a guidewire over which the Colapinto needle and 
its outer 9-Fr catheter can then be advanced.

When access to the PV has been achieved, it is a good idea to 
keep the metal needle or cannula in place until the outer catheter 
is advanced into the PV. When this catheter is in the PV, a balloon 
can be advanced through it into the PV for tract dilatation. If the 
metal needle or cannula is pulled prematurely, leaving only the 
wire in the PV, it may be very difficult to advance a balloon cath-
eter across the dense periportal fibrosis, and the catheter may 
instead buckle into the IVC.

Poral Vein Occlusion
Portal vein thrombosis can occur spontaneously and is seen in 
10% to 25% of patients with cirrhosis.17 PV thrombosis can greatly 
increase the complexity of TIPS, especially if the thrombus 
extends into the intrahepatic portal branches. The portal system 
may not readily opacify during wedged venography, so attempts 
to localize the PV before making needle passes may fail. During 
needle passes, it may be difficult to know when the PV has been 
entered because contrast may not readily flow away from the 
needle tip. If the portal thrombosis has progressed to cavernous 
transformation, the chance of technical success further decreases. 
In one large study,18 the technical success rate was 99.5% when 
the PV was patent and 79% in patients with PV thrombosis but 
only 63% in those with cavernous transformation. TIPS can be 
created in the face of cavernous transformation if one of the peri-
portal collateral vessels is large enough to be punctured and allow 
stent deployment.19 Careful preprocedure vascular mapping can 
help plan such an approach.

When attempting TIPS in a patient with portal thrombosis, 
the initial needle passes can be attempted from the transjugular 
approach, but rather than attempting to aspirate blood, small con-
trast injections may opacify the PV branch. When a PV is entered, 
advancing a guidewire may then also be difficult because it may 
quickly run into thrombus. Using a hydrophilic coated wire may 
allow better penetration of the thrombus. If access is achieved, 
one then needs to be prepared to stent beyond the thrombus into 
a patent segment of the portal system. Mechanical thrombectomy 
devices can be used to remove some of the thrombus, but in the 
author’s experience, that does not work well unless the thrombus 
is very acute.

Fig. 14.4  (a) Despite having the portal vein (PV) outlined with contrast (short arrows), the Colapinto needle would not penetrate into the PV because 
of the dense periportal fibrosis. A 21-gauge Chiba needle (long arrow) advanced easily through the fibrosis into the PV. (b) Venogram after advancing a 
catheter into the PV over a stiff 0.018-inch guidewire.
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Fig. 14.5  (a) Computed tomography (CT) scan in a patient with variceal bleeding referred for transjugular intrahepatic portosystemic shunt (TIPS). 
The CT scan shows a thrombosed portal vein (PV) (arrow). (b) Portal venogram via a percutaneous transhepatic catheter confirming complete 
thrombosis of the PV. (c) After some mechanical thrombectomy, the portal system was slightly more patent, and transjugular access was successfully 
gained. (d) Final post-TIPS portogram after having cleared out the remaining portal clot with mechanical thrombectomy devices passed through the 
TIPS itself.

If access into the thrombosed PV cannot be achieved from the 
transjugular approach, an accessory percutaneous transhepatic 
access may be useful. From the percutaneous approach, it is pos-
sible to access more peripheral (and often patent) PV branches 
that cannot be entered from a transjugular approach. From the 
transhepatic access, wires can be passed across the PV; throm-
bus and thrombectomy devices or balloons can even be used to 
clear a path for the TIPS (▶ Fig. 14.5). The wire or balloons can be 
used as a target for the transjugular puncture. In a small series by 
Radosevich et al,20 using a transhepatic approach improved the 
technical success rate to 100% compared with a 50% success rate 
in patients in whom TIPS was attempted purely from a transjug-
ular approach.

Outcomes
This chapter has dealt with a variety of specialized and dispa-
rate techniques to overcome unique technical challenges. Most 
of these techniques have been reported in case reports or small 
series not amenable to overall outcomes analysis. However, TIPS 
created with these specialized techniques function similarly to 
standard TIPS with similar outcomes.

Conclusion
Multiple anatomic factors can make TIPS more challenging. Care-
ful preprocedural assessment of the anatomy is critical. That plus 
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knowledge of the ancillary techniques described in this chapter will 
allow clinicians to overcome many of these technical challenges.

Clinical Pearls
•	 Problems with access vein or HV occlusion can usually be 

solved with the techniques discussed in this chapter.
•	 Use of a 21-gauge needle can help penetrate into a PV 

surrounded by dense periportal fibrosis.
•	 Techniques to localize the PV can help prevent failure to access 

the PV.
•	 Although rarely needed, percutaneous access into the PV 

can be very useful to help localize difficult PVs or recanalize 
occluded PVs.
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Chapter 15:  The Intravascular Ultrasound–Guided Direct 
Intrahepatic Portacaval Shunt
Bryan D. Petersen

Introduction
The transjugular intrahepatic shunt (TIPS) procedure is one of 
the most technically challenging and potentially hazardous pro-
cedures performed by interventional radiologists. As initially 
described, the TIPS is created from a “blind puncture” through 
the liver, generally from the right hepatic vein to the right portal 
vein (PV). When major complications arise, they are most often 
related to this step of the procedure.1,2 Many techniques have been 
devised to identify and localize the PV to aid in the puncture.3 
Unfortunately, most of these methods have their limitations, and 
most interventionalists continue to use “blind puncture” through 
the liver when performing the TIPS procedure.

The intravascular ultrasound (IVUS)–guided direct intrahe-
patic portacaval shunt (DIPS) procedure was initially conceived 
as a modification of the TIPS procedure. The DIPS procedure was 
designed to replace the “blind puncture” step of the TIPS proce-
dure, using a safer, image-guided (IVUS) approach.

The first DIPS were created using a homemade balloon-
expandable Palmaz stent graft covered with polytetrafluoroethyl-
ene (PTFE).4 Previous research at the Dotter Institute had demon-
strated that a PTFE covering of the stent would dramatically 
increase the durability of a transhepatic portal caval shunt.5,6 The 
use of a balloon-expandable stent graft also allowed for precise 
control of the diameter shunt and therefore the derived porto-
systemic gradient. This we termed balloon-expandable gradients.

The author has performed hundreds of DIPS procedures over 
the past 15 years. During this time period, the procedure has 
undergone only minor modifications. Since originally described, 
the greatest improvements have occurred in the IVUS imaging 
and development of stent grafts. Currently, we use the Acu-Nav 
IVUS system now from Biosense Webster (Johnson & Johnson 
Medical) and the VIATORR stent graft from W.L. Gore.

In the DIPS procedure, the IVUS is used to guide the PV punc-
ture, and it is also a great aid in positioning and deployment of 
the stent graft. Today, with current equipment, the routine proce-
dural time to perform the DIPS continues be just over 1 hour, with 
fluoroscopy times just over 10 minutes.

The DIPS procedure offers advantages over the conventional 
TIPS procedure because of guidance of the PV puncture, ease 
of stent graft placement, reduction of fluoroscopy times, and 
increased shunt durability. Also, in certain anatomic conditions, 
such as Budd-Chiari syndrome, and avoidance of hepatic masses, 
the DIPS may be preferable over the TIPS procedure.

I have previously described the “coaxial sheath” method for 
performing the DIPS procedure.7 In some patients, the coax-
ial sheath method improves the alignment of the Rösch-Uchida 
liver access set (RUPS) puncture needle and Acu-Nav IVUS guid-
ance. With this method, the needle and IVUS are essentially 
“locked” together, similar to a biopsy guide, and the alignment 
of these two devices remains stable. It also provides more sup-
port to the system during the transcaval puncture. This can be 
helpful in patients with extremely tough hepatic parenchyma 
(liver transplant) or extremely resistant PVs (PV thrombus). 

The disadvantage is that the setup is longer and requires extra 
sheaths.

In general, the author now performs the procedure “freehand,” 
as was first described, and uses the coaxial sheath method only 
in selective cases. The freehand method is simple, safe, and effec-
tive and will be presented here. The coaxial sheath method is 
described in some detail by Petersen.7

Equipment
Femoral Access
•	 10-Fr sheath (Cook Medical)
•	 IVUS device (Biosense Webster, Johnson & Johnson)

Jugular Access
•	 RUPS (Cook Medical)
•	 65-cm EchoTip Trocar needle (Cook Medical)
•	 65-cm 4-Fr CXI catheter (Cook Medical)
•	 Platinum Plus 0.018 180-cm guidewire (Boston Scientific)
•	 Amplatz 0.035 180-cm guidewire (Boston Scientific)
•	 5-Fr Marker Pigtail (Cook Medical)
•	 VIATORR stent graft (W.L. Gore)
•	 Powerflex 8 mm × 6 cm balloon catheter (Cordis, Johnson & 

Johnson)
•	 Two pressure transducers (Merit Medical Systems)

Equipment Modifications
Rösch-Uchida Liver Access Set
To facilitate the direct transcaval puncture, it is essential that 
the RUPS be modified by adding a secondary curve to the 
14-gauge metal trocar (▶ Fig. 15.1) of the set. This will form a 
“cobra” shape to the device. The secondary curve of the cobra 
shape aids the transcaval puncture by giving support off the 
back wall of the inferior vena cava (IVC). To bend the device, 
the RUPS is assembled, complete with the standard 5-Fr cath-
eter, and a 0.035-in guidewire is inserted through the lumen. 
With the guidewire in place, simple hand pressure is used to 
bend the device. The secondary curve is placed at or near the 
junction of the 10-Fr sheath and 10-Fr introducing catheter. The 
guidewire in the lumen protects the 14-gauge metal trocar of 
the system from being “kinked” or narrowed. Either kinking of 
the 14-gauge metal trocar or forming too acute an angle of the 
cobra curve will cause friction on the puncture needle set and 
should be avoided. The goal is to make the curve as acute as 
possible while also allowing for easy passage of the needle set. 
Care must be used when introducing the newly curved device 
into the patient and straightening this new shape. Be aware that 
regardless of attempts to maintain an acute angle of the cobra 
shape, the relatively narrow width of the IVC tends to straighten, 
or flatten, this angle.
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Needle and Catheter (Puncture Needle Set)
The 5-Fr catheter and the 62.5-cm-long sharpened 0.038-in 
wire stylet of the RUPS is not used for the transcaval puncture 
in the DIPS procedure. The wire 0.038-in stylet is replaced with 
a 65-cm-long EchoTip Trocar needle (Cook Inc.). The original 
EchoTip Trocar needle had a sharpened diamond tip, facilitating 
straight passage through tough liver parenchyma. The tip of the 
needle is scored, making it extremely echogenic (▶ Fig. 15.2).

A 5-Fr catheter will slip over this needle with a very smooth 
transition between the needle and catheter. The author first 
replaced the standard 5-Fr catheter of the RUPS with a hydro-
philic 5-Fr catheter with a marker tip (Slip Cath, Cook, Inc.). The 
hydrophilic material aids in passage through the liver, and the 
marker tip aids in fluoroscopic visualization. The drawback to 
this approach is that the hub of the hydrophilic catheter must be 
cut off to make the appropriate length to match the trocar needle. 
This 5-Fr catheter must be cut to length, such that it is approxi-
mately 1 cm shorter than the trocar needle, such that the echo-
genic tip of the needle is not covered.

More recently, the author has used 4-Fr crossing catheters, 
designed for peripheral vascular interventions, as a replacement 
for the 5-Fr hydrophilic catheter. These catheters are also manufac-
tured at an inappropriate length for the procedure and must be cut 
to length as well. The 4 F CXI Support Catheter (Cook Inc.), placed 
over the 65-cm EchoTip Trocar needle has proven to be an excellent 
combination. Ideally, ultimately, a custom-made, crossing catheter 
of the appropriate length will be manufactured for this use.

After the PV puncture, the passage of a 0.035-in lumen catheter 
(as described earlier) into the PV is probably the most difficult 
step of the procedure. This is because of the tough nature of the 
PV and because of working at a mechanical disadvantage from the 
neck. The creation of this needle puncture set is a very important 
modification of the RUPS. It allows upsizing from the 0.018-in 
lumen of the EchoTip Trocar puncture needle to 0.035-in guide-
wires necessary for the remainder of the procedure.

Fig. 15.1  Modified Rösch-Uchida liver access set (RUPS). Assembled modified RUPS with a modified puncture needle set. The white arrow marks an 
added secondary curve, creating a “cobra” shape. This image represents the most modest modification. Often both the secondary and primary curves of 
the set are made more acute. The secondary curve may be formed more toward the end of the 10-Fr sheath, attempting to form a near right angle. This 
curving or bending of the set is always performed with a 5-Fr catheter and guidewire in the set to prevent kinking of the lumen of the 14-gauge metal 
trocar. As an extreme angle as is allowable is generally best. The open arrow denotes the directional hub of the set.

Fig. 15.2  Cook EchoTip Trocar needle. The image demonstrates the 
scored, echogenic tip of the 65-cm EchoTip Trocar needle (Cook Inc.). 
This needle has the preferred diamond tip stylet in place. The most 
recent iterations have a beveled Chiba stylet. Regardless, this needle is 
much more echogenic than the 0.038-in sharpened wire needle of the 
standard Rösch-Uchida liver access set (RUPS) and traverses the liver 
much easier. It accepts a 0.018-in guidewire.

Intravascular Ultrasonography
For the DIPS procedure, an IVUS catheter is introduced into the 
right femoral vein and then into the IVC to the level of the PV. The  
IVUS is first used to guide a needle puncture from the IVC to  
the PV. This transcaval puncture is performed directly through 
the caudate lobe of the liver by the modified RUPS, which has 
been introduced through the right internal jugular vein.

The IVUS catheter first used for the DIPS procedure was a 9-MHz 
mechanical probe from Boston Scientific. Similar to all other IVUS 
probes available at that time, it produced the typical 360-degree 
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image oriented at 90 degrees from the transducer. When the DIPS 
was first performed, this probe was chosen because it was the 
lowest IVUS frequency probe available. Tissue penetration and 
visualization were adequate, and it was used successfully in the 
first 11 patients. Using this transducer, the average number of 
needle passes required to puncture the PV was from 1 to 3. With 
the “axial” type image produced by this transducer, the needle 
tip is visualized only by a bright reflector, crossing through the 
imaging plane, and as such, the entire needle path is not visual-
ized (▶ Fig. 15.3). This imaging is similar to a jugular vein punc-
ture performed under transcutaneous ultrasonography with the 
transducer held in a cross-sectional manner.

The author no longer uses this IVUS imaging system but per-
forms the DIPS with the Acu-Nav IVUS described later. However, 
the images presented in ▶ Fig. 15.3 are important because they 
are very similar to the images created by the 10-MHz system 
available from Volcano Industries today. This Volcano IVUS sys-
tem may be used for the DIPS procedure if an Acu-Nav system is 
not available.

The Acu-Nav IVUS device first became available more than 
10 years ago. It was initially marketed by the Acuson Company, 
then acquired by Siemens Corporation, and now marketed by 
Johnson & Johnson. It has replaced all other IVUS systems used 
for the DIPS procedure. It has advantages of improved resolution, 
lower frequency (variable 5–10 MHz), and color Doppler. Most 
importantly, it has a “side fire vector,” or sagittal imaging plane, 
such that the entire needle puncture tract through the liver may be  
visualized (▶ Fig. 15.4).

This device is designed for cardiac electrophysiology stud-
ies and interventions. It was originally manufactured as a 10-Fr 
device but is now available in both 8- and 10-Fr systems. The 
two catheters differ slightly in their sonic capabilities, but both 
give excellent imaging for the DIPS procedure. They are available 

only from Biosense Webster (Johnson & Johnson) but will con-
nect to multiple different cardiac and traditional ultrasound units 
(Sequoia, Aspen, Cypress) all available from Siemens. Whereas 
the 10-Fr probe connected to the larger Sequoia unit has the most 
versatility, the smaller Cypress unit with the 8-Fr probe is more 
than adequate and is portable. The 8- and 10-Fr transducers are 
sold as single use only; however, the DIPS procedure is not taxing 
on either device, and if resterilized, they are capable of multiple 
uses.

The Procedure
The DIPS procedure requires both right internal jugular and right 
common femoral venous access. If required, a combination of 
either contralateral jugular or femoral vein may be used. Use of  
either left jugular or femoral vein it is not recommended for 
novice interventionalists because alignment of the IVUS and 
modified RUPS needle may be difficult.

Step 1: Femoral Venous Access and 
Intravascular Ultrasound Placement
Femoral vein access should be performed first. A 10-Fr, 40-cm 
sheath is placed into the access site. The Acu-Nav device should 
then be introduced into the IVC in a sterile fashion with the use 
of a cover over the handle. It is useful to support the cord of the 
transducer on the patient drape with the use of forceps, such that 
it will not be dislodged. The tip of the IVUS is placed near the 
intended site of puncture, the PV bifurcation. Next, all anatomy is 
verified with IVUS. The hepatic artery should be behind to the PV, 
which is anterior, because visualization is from the IVC. An aber-
rant replaced right hepatic artery may lie near the intended path 

Fig. 15.3  Nine-MHz rotational 360-degree intravascular ultrasound (IVUS) image. A 9-MHz rotational IVUS mechanical rotational image produces 
360-degree “axial” images oriented at 90 degrees from the tip of the transducer in the inferior vena cava (IVC). Although these images were made with 
an older Boston Scientific IVUS catheter, they are similar as to what may be achieved with the more modern Visions PV 8.2 9-Fr, 10-MHz rotational IVUS 
catheter from Volcano Corporation. (a) The transducer is at the center of the image in the IVC inferior to the portal vein (PV) bifurcation. The walls of the 
IVC appear echogenic. The larger arrow at the 11 o’clock position denotes the main PV. The smaller arrow at the 2 o’clock position denotes hypoechoic 
ascitic fluid. Flowing blood is also hypoechoic. The slightly echogenic material between the IVC and PV represents the caudate lobe of the liver. (b) The 
transducer has been positioned slightly more superiorly. The larger arrow at the 11 o’clock position now denotes the portal vein (PV) bifurcation. This is 
an excellent target for the direct intrahepatic portacaval shunt (DIPS) puncture. The small black arrow denotes a white dot on the screen. Each of these 
white dots, oriented in a crossing pattern, denotes 1 cm from the transducer at the epicenter. Note the close proximity of the IVC to the PV. The deepest 
penetration to be expected with this transducer is approximately 3 cm. (c) The transducer is again positioned slightly more superiorly than in part B. Large 
white arrows at the 9 and 11 o’clock structures denote hypoechoic left and right main PVs. The outlined arrow denotes the bright reflector of the EchoTip 
Trocar needle traversing the caudate lobe during the puncture. The needle follows an oblique course through the liver and will strike the PV bifurcation 
slightly more inferiorly. With this transducer, the entire course of the needle tract is not seen on the IVUS image. The orientation of the needle tip to the 
PV is similar to a jugular vein puncture using transcutaneous ultrasonography held transverse to the vein. The larger arrowhead denotes a 1-cm marker.
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Fig. 15.4  Acu-Nav 5- to 10-MHz intravascular ultrasound (IVUS). Acu-Nav 5- to 10-MHz variable IVUS “side fire” image performed at 7.5 MHz. Much 
improved resolution is seen compared with a 9-MHz rotational mechanical probe. (a) The Acu-Nav catheter generates a sector image in a sagittal 
orientation. The inferior vena cava (IVC) is in the near field, obscured at this frequency. The patient’s head (or the superior direction) is on the left of the 
image, and the patient’s feet (or the inferior direction) are on the right of the image. The white arrow denotes the portal vein (PV) bifurcation, which is 
hypoechoic and ovoid in this IVUS orientation. Echogenic material between the near field and PV is the caudate lobe of the liver. The small black arrow 
denotes the hepatic artery, lying behind the PV (anterior direction). Color Doppler is available but not necessary. (b,c) Two sequential static images from 
transcaval puncture of portal vein (PV). The white arrows in both images denote the 21-gauge EchoTip Trocar needle. Note that the entire course of the 
needle puncture is seen in the images. Despite adequate curving of the Rösch-Uchida liver access set (RUPS), the course of the needle remains somewhat 
oblique, from superior to inferior in direction. This is because of flattening of the “cobra” shape by the relatively small diameter of the IVC. Inadequate 
curving of the RUPS may cause the needle course to be less acute, passing inferior to the PV. Flow disturbances in the PV may be detected by this high-
resolution IVUS device, such as in the upper image. The tip of the needle set may indent the PV wall just before puncture (white arrow, b). Note the bright 
echogenic needle tip in the PV (arrow, c).

of puncture and should be avoided. Color Doppler may be helpful 
to establish the patency of the PV, absence of thrombus, and other 
abnormalities but is generally not required because visualization 
is quite good. At low frequencies, the Acu-Nav has the ability to 
penetrate quite deep into the liver (>15 cm). Adjustment of both 
the magnification and frequency is required to achieve an image 
similar to ▶ Fig. 15.4a. The Acu-Nav creates a sagittal image with 
cranial at the left-hand side of the image and caudal to the right. 
The ultrasound machines have the ability to invert left to right, so 
the operator should make sure that this is correct.

Step 2: Placement of the Modified RUPS
After right jugular venous access has been achieved, the gray pol-
yethylene 10-Fr introducer of the RUPS is placed into the IVC over 
a stiff guidewire (Amplatz super stiff). A fully assembled, modi-
fied RUPS, complete with the 10-Fr sheath, and a standard 5-Fr 
introducing catheter should then be quickly introduced into the 
IVC over this stiff guidewire as a single unit. The tip of the 10-Fr 
catheter and metal trocar should be placed into the IVC inferior 
to the level of intended puncture below the PV bifurcation, and 
then the super stiff guidewire and 5-Fr catheter are quickly with-
drawn. The tip of the 10-Fr catheter will impress upon the IVC and 
not introduce air or bleed. The 5-Fr catheter and super stiff wire 
may be left in the system as long as both are withdrawn into the 
straight portion of the metal 14-gauge trocar. Other methods of 
introduction of the device will result in flattening or straightening 
of the “cobra” shape of the device; the shape should be maintained.

With the IVUS centered on the site of intended puncture, the 
modified RUPS should then be gradually withdrawn from the 
neck, rotating the device, such that the tip of the 10-Fr catheter 
and metal trocar is oriented toward the PV. This is generally no 
more than 45 degrees off vertical. The direction arrow on the 
RUPS hub should be used as a general method of guidance. The 
distal tip of the RUPS may impact upon the IVUS probe and is of 
no consequence. Artifact will be seen in the IVUS image caused 

by the metal trocar within the 10-Fr catheter, crossing the ultra-
sound beam. By retracting and rotating the modified RUPS, the tip 
of the 10-Fr catheter is oriented at the most cranial aspect of the 
image directed toward the target (▶ Fig. 15.5).

Step 3: The Transcaval Puncture
The puncture needle set is loaded into the modified RUPS with the 
EchoTip Trocar needle brought just to the end of the 10-Fr cathe-
ter but not protruding. Final adjustments can now be made before 
the needle set is thrust forward. The needle should be thrust fairly 

Fig. 15.5  Optimal positioning the Rösch-Uchida liver access set (RUPS) 
for the transcaval puncture. The RUPS has been withdrawn superiorly 
and rotated such that the tip of the 10-Fr catheter is directed at the 
portal vein (PV). The tip of the 10-Fr catheter with the metal trocar in 
the set is seen as a bright reflector in the near field (arrow). Note how 
the force of the RUPS has forced the inferior vena cava (IVC) wall away 
from the Acu-Nav transducer, such that the IVC wall can now be seen 
in the near field. Because the target (the PV) and RUPS are seen on the 
same image, this is the proper position to begin the puncture.
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briskly through the liver toward the PV. The reflective tip of the 
EchoTip Trocar needle is readily visible when in plane with the 
IVUS beam (▶ Fig. 15.6). The coaxial sheath technique maintains 
this alignment, but with a little practice, alignment of the two 
devices maybe maintained by freehand technique, and the coaxial 
method is not necessary. Generally, the needle tip pierces the PV 
fairly easily, although the needle may indent the PV just before 
puncturing the wall (▶ Fig. 15.4b).

If one senses that the needle is on a path to pass inferior to 
the PV, it indicates that the curve of the cobra shape on the RUPS 
was inadequate or at least straightened to some degree by a rel-
atively small IVC. The operator has several choices. First, he or 
she may continue with the pass, hoping to strike the target lower 
than intended, such as in the main PV. Care must be taken not to 
puncture the PV in an extrahepatic region, or significant bleed-
ing may occur. A second option is to remove the RUPS over a stiff 
guidewire, increase the curvature of the RUPS, and then try again. 
If adequate curvature cannot be obtained, the third option is to 
begin the puncture higher in the IVC, allowing the longer needle 
path to intersect the intended target.

To perform this “high puncture,” one must retract the needle 
set superiorly, just at the margin of the IVUS image (▶ Fig. 15.6a). 
At times, the puncture may need to be initiated even higher, just 
off the field of view, before the needle is thrust forward. The 
caveat is to maintain the same left-to-right orientation of the set 
while withdrawing it in a cephalad direction. The coaxial sheath 
method was developed to maintain this alignment but is not rou-
tinely necessary. Unless there is some unforeseen difficulty, it is 
best to maintain the IVUS positioned on the intended target and 
bring the needle tip into the image rather than move the IVUS. In 
▶ Fig. 15.4, the puncture was initiated much more superiorly, off 
the field of view seen on the IVUS.

Step 4: Upsizing the Guidewire
After the PV has been punctured, placement can then be con-
firmed with contrast injection (▶ Fig. 15.7), although there should 
be little doubt as the needle tip is readily visible on IVUS. Next, 
a stiff 0.018-in guidewire (Platinum Plus Boston Scientific) is 
advanced into the PV. Just as in TIPS, the author prefers that the 

Fig. 15.6  Intravascular ultrasound–guided direct inferior vena cava (IVC) to portal vein (PV) puncture. (a) The freehand technique. This is a different 
patient than the one in Fig. 17.5A, with a less favorable anatomy. To achieve the proper angle for puncture, the Rösch-Uchida liver access set (RUPS) had 
to be retracted more superiorly (cephalad) than in Fig. 15.5a, just at the superior margin of the field of view (arrow). Compare this with Fig. 15.4, where 
the RUPS needed to be withdrawn even more superiorly off the field of view before initiation of the puncture, as described in the text. (b) The needle 
has been thrust through the IVC wall and into the caudate lobe. The bright reflector (arrow) of the EchoTip Trocar needle is readily visible when properly 
aligned with the ultrasound beam. (c) The path of the needle (arrows) is less apparent as it traverses slightly out of the path of the ultrasound. The needle 
tip deflects the PV wall as it passes through. (d) The reflective tip of the EchoTip Trocar needle has been advanced to the center of the PV (arrow). Note 
that the PV bifurcation has resumed the normal ovoid appearance.

IRBK003-CH15_p130-141.indd   134 5/24/17   3:57 PM



Chapter 15:  The Intravascular Ultrasound–Guided Direct Intrahepatic Portacaval Shunt

135

Fig. 15.7  Confirming portal vein (PV) puncture, upsizing the guidewire. (a) Although the echogenic tip of the needle is easily seen in the PV on 
intravascular ultrasound (IVUS), it is sometimes prudent to confirm its position by injecting a small amount of contrast through the hub (the black arrow 
denotes PV filling). Care must be taken in that if the needle tip is not cleanly in the PV, contrast injection into the adjacent liver parenchyma will obscure 
the IVUS images, hindering further efforts. Unlike the transjugular intrahepatic shunt procedure, because of the small lumen, it is difficult to aspirate 
blood through the needle for confirmation of PV access. (b) After confirmation of needle placement, the 0.018-in stiff guidewire is advanced into the 
PV. (c) Injection is through catheter of the puncture needle set, which has been advanced over EchoTip Trocar needle and 0.018-in guidewire into the 
PV. Contrast injection confirms placement. It is now time to upsize to a 0.035-in super stiff supportive wire for shunt portography and shunt placement. 
(d) Corresponding IVUS image of a 0.035-in Amplatz wire (arrow) crossing from the inferior vena cava and into the PV.

guidewire placement is deep into the splenic vein when possi-
ble. The catheter of the puncture needle set is advanced over both 
the needle and 0.018-in guidewire into the PV. Depending on the 
patient and the toughness of the PV, this can be the most diffi-
cult step of the procedure. To aid in passage of the 5-Fr catheter, 
the author changed the standard 5-Fr catheter of the RUPS to a 
5-Fr hydrophylic catheter. With more recent changes in technol-
ogy, the author now uses a 4-Fr crossing catheter (CXI Support 

Catheter, Cook Medical), which has eliminated most of the diffi-
culty with this step. Because the hydrophilic or crossing catheters 
must be “trimmed” to length (as described in Equipment Modi-
fications earlier), they do lack the conventional connecting hub, 
which must be dealt with. Finally, a stiff Amplatz 0.035-in guide-
wire is placed into the PV through the modified 4- or 5-Fr catheter 
of the needle set, and the RUPS and catheters are removed, leaving 
the 10-Fr sheath in the neck.
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Fig. 15.8  Portography, manometry, and tract measurement. (a) The 5-Fr pigtail catheter, with sizing markers placed every 1 cm, has been placed into 
the portal vein (PV). (b) Note the excellent resolution of the intravascular ultrasound (IVUS) image with the metallic markers of the sizing catheter casting 
acoustic shadows in both the liver (arrow) and when in the PV. (c) Portography performed through marker pigtail catheter. Simultaneous pressure 
measurements are then performed through the 10-Fr sheath in the inferior vena cava (IVC) and 5-Fr pigtail in the PV, confirming the portosystemic 
gradient. (d) Magnified, slight left anterior oblique projection with simultaneous injection through 5-Fr pigtail in the PV and 10-Fr sheath in the IVC. A 
40-cm-long, 10-Fr sheath in the common femoral aids in this study. A marker pigtail bridges the parenchymal tract from the IVC to the PV. Arrows denote 
approximate IVC and PV puncture sites. In this case, the distance approximates 4 cm between the veins. We generally place a VIATORR stent graft with 
the PTFE portion 1 cm longer than the measured distance (in this case, 5 cm). (e) Predilation of the tract may be performed to help advance the 10-Fr 
sheath into the PV. This is a 6-mm-diameter, 6-cm-long balloon catheter. The “waists” of the balloon denote the IVC and PV walls and may be used as a 
rough measurement of the length of the parenchymal tract. This should be performed with caution because fibrotic bands within the liver parenchyma 
may give similar impressions on the balloon, not reflecting the true length of the tract. In the event of an extrahepatic puncture of the PV, predilation 
may also cause significant bleeding.

Step 5: Portography, Manometry, and 
Tract Measurement
From this point, the procedure proceeds very similar to the TIPS. 
A 5-Fr marker pigtail is advanced over the stiff guidewire into the 
PV (▶  Fig. 15.8a and 15.8b), and portography with manometry 
is performed (▶  Fig. 15.8c). Tract measurements for stent graft 
placement are best judged by performing simultaneous injections 
in the IVC and PV using a marker catheter (▶ Fig. 15.8d). Similar 
to TIPS, the author uses a VIATORR device with the PTFE portion 
approximately 1 cm longer than the measured tract length. The 
length of the parenchymal tract may also be estimated with the 

Acu-Nav IVUS and its internal calibration. Other methods include 
the use of a measuring wire or predilation of the tract with a bal-
loon and measuring the distance between the “waists” of the IVC 
and PV impressions (▶ Fig. 15.8e).

Step 6: Intravascular Ultrasound–
Guided Placement of the VIATORR 
Stent Graft
To deploy the VIATORR stent graft, the tip of the 10-Fr sheath 
of the RUPS must be advanced greater than 2 cm past the PV 

IRBK003-CH15_p130-141.indd   136 5/24/17   3:57 PM



Chapter 15:  The Intravascular Ultrasound–Guided Direct Intrahepatic Portacaval Shunt

137

Fig. 15.9  Advancing the 10-Fr sheath into the portal vein (PV). (a-c) The 
10-Fr sheath is advanced into the PV using the fully assembled Rösch-Uchida 
liver access set (RUPS). The standard 5-Fr catheter of the set is useful in this 
portion of the procedure because the hub of the catheter may be fixed to 
the 14-gauge metal trocar of the set. The set is then advanced over a stiff 
guidewire using a brisk forward and counterclockwise rotational motion. The 
14-gauge metal trocar greatly increases the rigidity of the system, and the 
set will straighten the tract. This may cause significant patient discomfort. 
After the metal trocar and 10-Fr introducing catheter of the set are in the PV, 
the outer 10-Fr sheath should be quickly advanced over the set to establish 
secure access. It is best to quickly remove the trocar assembly, letting the 
10-Fr sheath resume a gentle curve and leaving the guidewire in place. (d) 
Intravascular ultrasound image confirming 10-Fr sheath crossing from the 
inferior vena cava and into the PV.

puncture site. The best means to do this is to advance the assem-
bled set (10-Fr sheath, 10-Fr catheter, 14-gauge trocar, 5-Fr intro-
ducing catheter) all into the PV over a stiff guidewire. Generally, a 
0.035-in Amplatz super stiff wire is adequate. It is best to advance 
the whole set briskly into the PV, rotating the set in a counter-
clockwise direction, following the curve of the guidewire (▶ Fig. 
15.9). If there is buckling or resistance to advancement, a stiffer 
guidewire, such as a 0.035-in Lunderquist (Cook Medical) may be 
used. The operator should make sure that all transitions to the 
RUPS are smooth because even minor irregularities to the edges 
of the sheath or catheter transitions can make this difficult.

Deployment of the VIATORR can be visualized by both fluoros-
copy and IVUS; however, it is best seen by IVUS. The use of IVUS 
has improved accuracy and reduced the procedural and fluoros-
copy time for this step of the procedure.

Just as in the TIPS procedure, with the 10-Fr sheath in the 
PV, the VIATORR stent graft is advanced to the tip of the sheath, 
and the sheath then is retracted, exposing the bare wire portion 
of the device, which expands. This bare wire portion of the stent 
graft is termed the PV “localizer,” which in the TIPS procedure is 
intended to be drawn back against the PV wall under fluoroscopy. 
With the DIPS procedure, the positioning and deploying of the 
VIATORR can be observed with both fluoroscopy and IVUS. This 
greatly simplifies and improves accuracy of this portion of the 
procedure (▶ Fig. 15.10).

After the VIATORR has been deployed, it needs only bal-
loon dilatation to fully open the device and establish the DIPS. 
Most commonly, a 10-mm VIATORR device of the appropriate 
length is deployed and then postdilated with an 8-mm-diameter 

balloon. Final portography and manometry are then performed 
(▶  Fig.  15.11). An 8-mm-diameter DIPS usually results in ade-
quate portal decompression with a final portosystemic gradient 
between 4 and 8 mm Hg.

Control of the Extrahepatic Puncture
Portal vein access in the TIPS procedure is usually the main right 
PV or even more peripheral and in general is intrahepatic. The 
main target of the PV puncture in the DIPS procedure is the PV 
bifurcation. One might expect that the DIPS procedure, despite 
the IVUS guidance, could have more bleeding complications from 
the PV access because the PV bifurcation may be extrahepatic in 
up to 50% of patients.8 When extrahepatic punctures of the PV 
occur in the TIPS procedure, we know that bleeding is often tam-
ponaded by the dense fibrous connective tissue that surrounds 
the porta hepatis.9,10 This may also explain why bleeding from 
an extrahepatic puncture is relatively uncommon in the DIPS 
procedure.

When intraperitoneal bleeding occurs during the DIPS proce-
dure, it is most often caused by predilation of the tract, and PV, 
before placement of the VIATORR. If there is no tissue surrounding 
the PV puncture site and it is dilated, a catheter, sheath, or balloon 
must remain in the tract until the VIATORR can be deployed. This 
is why it is best to advance the 10-Fr sheath into the PV without 
predilation, as described in ▶ Fig. 15.9.

If for some reason the operator decides to predilate the tract 
before the 10-Fr sheath placement, he or she should be sure 
that the IVUS images that document the PV puncture is entirely 
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Fig. 15.10  Positioning and deploying the VIATORR. (a) The VIATORR device 
has been unsheathed in the portal vein (PV) and retracted toward the PV 
wall before deployment. The bare wire portion of the stent graft, or “PV 
localizer,” is expanded in the PV. The polytetrafluoroethylene (PTFE) portion 
of the stent graft remains constrained on the proximal shaft. The junction 
between the bare wire and PTFE-covered portions of the device are marked 
by a radiopaque ring (arrow). With fluoroscopy, the PV wall cannot be 
seen. (b) The same patient as in part A. Positioning the VIATORR device for 
deployment. With IVUS, the portal vein (PV) wall is easily identified (black 
arrow). The junction between the bare and PTFE-covered portions are 
identified (white arrow). (c) The same patient as in Fig. 15.10b as the VIATORR 
is retracted toward the PV puncture site. The expanded bare metal portion 
of the stent graft is easily seen approaching the PV wall. (d) The same patient 
as in Fig. 15.10b,c. The junction of the bare wire and PTFE portion of the 
stent graft is seen to approximate the PV wall, clearly seen to be in excellent 
position. The device is ready to be deployed. (e) Spot film after VIATORR 
deployment. The PTFE-covered portion of the device is partially opened 
and spans the parenchymal tract (arrows) from the PV to the inferior vena 
cava. The device now needs only balloon dilatation to complete the direct 
intrahepatic portacaval shunt.
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Fig. 15.11  Completion portography. (a) Completion portogram after VIATORR has been dilated to an 8-mm diameter. Compare with Fig. 15.8c before 
completion of the shunt. The small varices no longer fill, and there is significant shunting of flow from the portal circulation to the inferior vena cava 
(IVC). Note the straight course of the direct intrahepatic portacaval shunt (DIPS) directly to the IVC. The polytetrafluoroethylene (PTFE) portion of the 
VIATORR device begins at the portal vein (PV) wall (arrow), completely lining the parenchymal tract to the IVC. (b) Inferior vena cavagram performed 
after DIPS, anteroposterior projection. These are not routinely preformed after DIPS. The caval end of the VIATORR projects into the anterior wall of the 
IVC, not across the lumen, as suggested on this one projection. Note that the course of the DIPS begins inferior to the hepatic veins and relies on a longer 
segment of the patient’s IVC than the TIPS procedure. In the hundreds of DIPS procedures the author has performed, he has not yet seen a case of IVC 
stenosis or shunt occlusion caused by projection of a stent graft into the IVC.

intrahepatic. The predilation balloon or sheath should also be no 
greater than 4 mm, such that if bleeding occurs, it may be con-
trolled by placement of the sheath across the bleeding site and 
the VIATORR can be quickly deployed (▶ Fig. 15.12).

Direct Intrahepatic Portacaval 
Shunt Patency
The authors’ reported series of the first 19 patients treated with 
the DIPS using the VIATORR stent graft demonstrated a 100% 
primary patency up to 30 months.11 These patency figures were 
established using venography with manometry and are supe-
rior to published series of the TIPS procedure using either bare 
wire stents or the VIATORR stent graft. Although this is a small 
single-institution series with only midterm follow-up, no larger 
series of the DIPS procedure have been published.

Because of the deep position of the DIPS in the liver and the 
angle of the shunt, it is difficult to interrogate the shunt with 
ultrasound. There are no established ultrasound velocity criteria 
that correlate with degree of shunt stenosis and patency. As the 
authors have observed excellent patency and long-term durabil-
ity of the DIPS, we have largely abandoned ultrasound surveil-
lance of the shunt. We treat the patients clinically, and if there is 

suspicion of shunt dysfunction, we proceed directly to venogra-
phy to clarify.

Conclusion
The DIPS procedure has undergone little change since first 
described in 2001. There is no dedicated DIPS liver access set or 
needle, nor is there a dedicated IVUS device for the procedure. 
Perhaps with greater clinical demand, more dedicated equip-
ment will become available. A purposely built needle of nitinol 
that is more flexible and echogenic and with a 0.035-in lumen 
would simplify the portal access portion of the procedure and 
obviate the need for trimming of the crossing catheters. One 
can also envision smaller IVUS devices with built-in guidance 
systems. If these were produced, perhaps the femoral punc-
ture could be abandoned, and only a transjugular access would 
be necessary.

The DIPS procedure may be used as a replacement for the TIPS 
procedure or used selectively for TIPS failures and patients with 
unfavorable anatomy. The procedure is relatively easy to mas-
ter, and after proficiency has been achieved, it proceeds quickly 
and safely. The procedure may ultimately find its role with 
interventional radiologists who are unfamiliar with performing  
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Fig. 15.12  Control of an extrahepatic puncture of the portal vein 
(PV). (a) This patient had an extremely firm liver, and the tract from 
the inferior vena cava (IVC) to the PV was predilated with a 4-mm 
balloon before placement of the marker pigtail. Note that the end 
of the 10-Fr sheath has been inadvertently pulled back and does 
not cover the PV entrance site. (b,c) Portogram demonstrating 
significant extravasation at the PV puncture site with pooling in the 
intraperitoneal space. (d) Repeat portogram performed after the 
10-Fr sheath has been readvanced deep into the PV, covering the 
puncture site and controlling the bleeding. (e) Final portography 
after VIATORR placement demonstrating a patent direct 
intrahepatic portacaval shunt without evidence of bleeding.
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the TIPS procedure and find the comfort and security of the image 
guidance aspects of the procedure more to their liking.

Clinical Pearls
•	 There are two guidance techniques for IVUS-guided TIPS: the 

coaxial sheath technique (needle and IVUS locked together) 
and the freehand technique.

•	 The advantages of the coaxial sheath technique is that it pro-
vides better needle support and thus is better in tough livers 
and the PV.

•	 The disadvantages of the coaxial sheath technique is that it 
requires extra sheaths and takes longer to set up.

•	 Jugular access is for the access needle, and femoral access is for 
the IVUS probe.

•	 An aberrantly replaced right hepatic artery may lie near the 
intended path of IVUS-guided DIPS and should be avoided.

•	 The portal target in IVUS-guided DIPS is the intrahepatic 
portal bifurcation.

•	 Pre-stent dilatation should not exceed 4 mm.
•	 The most common diameter for DIPS stents for adequate 

portal decompression is 8 mm; however, a 10-mm diameter 
VIATORR (self-expanding covered stent) is used and dilated to 
8 mm.

•	 DIPS patency using the VIATORR stent has 100% patency up to 
30 months.

•	 DIPS is difficult to interrogate by Doppler ultrasonography, 
and there are no standardized velocities indicative of DIPS 
dysfunction. As a result, follow-up is by clinical manifestations.
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Chapter 16: Hemodynamic Changes Following the 
Transjugular Intrahepatic Portosystemic Shunt
Deddeh Ballah and Timothy W.I. Clark

Introduction
Transjugular intrahepatic portosystemic shunt (TIPS) has become 
the standard of care for portal decompression for the treatment 
of complications of portal hypertension (PHT), including bleeding 
varices and diuretic-resistant ascites. The hemodynamic changes 
associated with TIPS creation are complex and affect the por-
tomesenteric venous and arterial systems as well as the heart. 
This chapter focuses on the hemodynamic changes that occur 
after TIPS and their clinical significance.

Hemodynamics of Cirrhosis and 
Portal Hypertension in Brief
The hemodynamic changes caused by cirrhosis and PHTs result 
from a complex interplay of neuorhormonal and structural 
changes. Cirrhosis creates increased resistance to portal blood 
flow, inducing portal venous dilatation and congestion of portal 
venous flow. The increased resistance to portal blood flow leads 
to the development of portosystemic collaterals. Ultimately, there 
is an increase in portal venous inflow, creating a hyperdynamic 
circulation that maintains and exacerbates PHT.1,2

The intrahepatic resistance caused by cirrhosis has both static 
and dynamic components. Hepatic stellate cells can cause sinu-
soidal vasoconstriction via contractile cytoplasmic processes 
through paracrine effects of endothelin-1 (ET-1) and relaxa-
tion via interactions with sinusoidal endothelial and paracrine 
effects of nitrous oxide (NO). The quantity of hepatic stellate cells 
increases in cirrhosis and induces sinusoidal vasoconstriction 
with increased vascular resistance. Although there is decreased 
hepatic NO production, there is increased systemic and splanch-
nic NO production, causing decreased systemic vascular resist-
ance (SVR).1 This causes a decrease in central blood volume.3 The 
systemic circulation attempts to compensate for the decrease in 
effective arterial blood volume by sympathetic activation, acti-
vation of the renin–angiotensin–aldosterone-system (RAAS), 
and an increase in antidiuretic hormone.1 In response to the 
decreased SVR, cardiac output increases, producing a higher than 
normal cardiac index.3 Chronic increases in flow with vasodila-
tation causes endothelial signaling that leads to chronic increase 
in vessel diameter.3 Eventually, individuals experience cardiac 
insufficiency and are unable to maintain arterial pressure as 
vasodilatation progresses. The kidneys become underperfused, 
and patients go into renal failure.3

Similar to systemic circulation, the liver is equipped with an 
intrinsic mechanism to compensate for decreased total hepatic 
blood flow. When portal blood flow is decreased to the liver, the 
hepatic arterial buffer response (HABR) maintains hepatic per-
fusion by increasing hepatic artery flow. Cirrhotic patients have 
been observed via duplex Doppler ultrasound examination to 
have hepatofugal portal venous blood. Patients with hepatofu-
gal portal venous blood flow have a statistically significant lower 
resistive index in their hepatic arteries compared with patients 

with hepatopedal flow indicating an active HABR. Interestingly, 
resistive index does not correlate inversely with the portosys-
temic gradient. Patients with hepatofugal flow elicit the HABR, 
which is accompanied by a decrease in the resistive index of the 
hepatic artery.4

Intrahepatic Hemodynamic 
Changes After TIPS
TIPS is a high-volume conduit connecting the portal and caval sys-
tems that causes acute portal decompression.2 This low-resistance 
portal outflow tract allows for an increase in portal blood flow2,5 
and portal vein (PV) diameter.5 Low-dose galactose clearance and 
Doppler ultrasonography have been used to note the increase 
in portal venous flow to be 48% after TIPS placement. After TIPS 
placement, the velocities in the main PV increase up to 170%2,5,6 
and remain increased after shunt placement for at least up to 
12 months.6 After TIPS placement, velocity through shunts is high 
velocity. Although peak velocities through shunts decrease slightly 
over time, they remain higher than pre-TIPS velocities.6 The low-
resistance shunt also results in diversion of flow toward the shunt 
and away from the liver. Doppler ultrasonography demonstrates 
flow reversal in the right and left hepatic veins from hepatopedal 
flow to hepatofugal after TIPS insertion.6 This is consistent with the 
finding that low-dose galactose clearance after TIPS demonstrates 
a 48% increase in portal blood flow but a 60% decrease in effec-
tive hepatic blood flow within 4 to 6 days after shunt. Color-flow 
Doppler measures that portal flow proximal to the TIPS increased 
with shunting. The increased portal flow is diverted through the 
stent and away from the hepatic parenchyma.2 Rosemurgy et al 
point out that most portal flow after the TIPS is non-nutrient 
because it is preferentially shunted to the systemic venous system 
and does not supply the liver.2 Dynamic computed tomography 
has been used to measure changes in perfusion of the liver paren-
chyma. Compared with control participants, patients with cirrho-
sis showed increased arterial hepatic perfusion, decreased portal 
blood hepatic perfusion, and decreased total hepatic perfusion. 
Post-TIPS measurements revealed a significant increase in arterial 
blood hepatic perfusion and total hepatic perfusion, but portal 
venous hepatic perfusion remained the same.7 In contrast to other 
studies, liver scintigraphy evaluation after hepatic perfusion has 
shown portal venous blood flow velocity increased significantly as 
well as the contribution from portal venous blood flow for hepatic 
perfusion increased from 9.2% to 38.2%.8

TIPS creation does not only affect flow through the PVs but 
also affects flow through the hepatic arteries. Doppler ultrasound 
interrogation has found hepatofugal and hepatopedal portal 
venous flow in patients with cirrhosis. Gulberg et al3 noted that 
the hepatic artery resistive index was lower in patients with 
hepatofugal flow compared with those with hepatopedal flow 
before TIPS. After TIPS creation, the hepatic artery resistive index 
decreased in patients with hepatopedal flow but did not change in 
patients with hepatofugal flow. Because TIPS creation in patients 
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with hepatofugal flow does not cause a further decrease in the 
amount of hepatic blood supply originating from the PV, there is 
no further hepatic artery dilatation.4 Twenty-four hours after TIPS 
placement, there is a statistically significant increase in hepatic 
artery peak systolic velocity (HAPSV). This increase in hepatic 
artery flow reflects the HABR because TIPS results in decreased 
portal venous flow delivered to the liver. The HAPSV decreases 
during 12-month follow-up but remains elevated above baseline.6 
Similarly, Patel et al9 used Doppler ultrasonography to investigate 
hepatic arterial blood flow after TIPS. They found an increase in 
hepatic arterial peak systolic velocity and hepatic arterial blood 
flow after TIPS. Hepatic artery diameter did not change signifi-
cantly after TIPS. There was no correlation between the change 
in average increase in hepatic arterial blood flow before and after 
TIPS and the change in portosystemic gradient before and after 
TIPS.9 It is interesting to note that TIPS placement causes simi-
lar portosystemic gradient reductions in patients with cirrhosis 
with hepatofugal portal venous flow compared with those with 
hepatopedal portal venous flow.4

Direct measurements of hepatic artery blood flow with intra-
vascular Doppler sonography to investigate real-time changes in 
velocity during TIPS insertion reveal the same results as studies 
using indirect measurement methods. As seen in other studies, the 
average arterial peak velocity and maximum arterial peak veloc-
ities increased significantly after TIPS. Balloon occlusion of the 
shunt has been performed to determine the reversibility of average 
arterial peak velocity. Balloon occlusion resulted in restoration of 
the arterial average peak velocity not only to pre-TIPS velocity, but 
it also decreased to below baseline. Deflation of the balloon resulted 
in an increase of average peak velocity to post-TIPS values.10

Itkin et al investigated a new method for direct measurement 
of intrahepatic blood flow.11 Their study validated and optimized 
the use of a thermodilutional catheter with the ability to measure 
retrograde blood flow in a domestic swine model. The authors 
demonstrated a high correlation between portal venous flow 
measurements taken with a thermodilutional catheter versus a 
gold standard of a surgically placed perivascular Doppler probe 
(r2 = 0.96; P <0.001). Thermodilutional catheter blood flow rates 
of the PV and hepatic artery were measured before TIPS and 2 
weeks after TIPS. In the swine with greater blood flow in the 
TIPS compared with the PV, an arteriogram was performed and 
demonstrated filling of the left and right PV with hepatofugal 
flow toward the proximal end of the TIPS. An occlusion balloon 
inflated at the common origin of the hepatic artery demonstrated 
decreased flow through the TIPS. When the balloon was com-
pletely deflated, flow returned to baseline. Similar to the study by 
Radeleff et al, the significant increase in blood flow after TIPS has 
been demonstrated to be secondary to increased hepatic artery 
blood flow. This experiment demonstrated arterioportal shunting 
both angiographically and hemodynamically.11

A prospective clinical study quantified hepatic artery-to-PV 
shunting using a direct thermodilutional catheter-based tech-
nique and by measuring changes in blood oxygenation within 
the TIPS and PV in patients undergoing primary TIPS insertion 
or revision (▶ Fig. 16.1). The study quantified shunting assuming 
that flow in the TIPS (QTIPS) was the combination of main PV flow 
(Qportal) plus the reversed intrahepatic portal flow from hepatic 
artery-to-portal shunting; that is, QTIPS = Qportal + reversed flow. 
There was a 64% increase in mean portal flow after TIPS. Mean 
QTIPS was a 44% increase from final Qportal (▶ Fig. 16.2).

Fig. 16.1  Completion transjugular intrahepatic portosystemic shunt 
(TIPS) portogram showing the location of thermodilutional catheter 
during flow measurements in a patient with hepatitis C and alcoholic 
cirrhosis. Initial portosystemic gradient was 22 mm Hg; the final gradient 
was 8 mm Hg. Note the TIPS flow is higher than the main portal vein 
flow. Reprinted with permission from Itkin M, Trerotola SO, Stavropoulos SW, 
et al. Portal flow and arterioportal shunting after transjugular intrahepatic 
portosystemic shunt creation. J Vasc Interv Radiol 2006;17(1):55–62.

Fig. 16.2  Plot showing median (middle of box), 25th to 75th percentile 
(edges of box), and range (bars) of blood flows obtained during initial 
portal, final portal, and transjugular intrahepatic portosystemic shunt 
(TIPS) measurements in a prospective study of 26 TIPS patients. 
Reprinted with permission from Itkin M, Trerotola SO, Stavropoulos SW, 
et al. Portal flow and arterioportal shunting after transjugular intrahepatic 
portosystemic shunt creation. J Vasc Interv Radiol 2006;17(1):55–62.

Given that only three of 26 patients had imaging evidence of 
an umbilical vein, it is highly unlikely that flow within a recan-
alized paraumbilical vein increased flow in the TIPS. This group 
hypothesized that shunting from the hepatic arterial system at 
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the sinusoidal or presinusoidal level into the right and left PVs 
with hepatofugal flow into the TIPS. If arterioportal shunting 
occurs at the transvasal level, oxygen tension in the TIPS will be 
higher than in the PV. Conversely, if arterioportal shunting occurs 
via sinusoids where the efficient oxygen exchange of the peripor-
tal triad occurs, the oxygen tension will be lower in TIPS. Because 
there was only a small reduction in oxygen saturation when com-
paring the TIPS with the PV shunting, the study concluded that 
shunting occurs at the level of the sinusoid.12

The changes in hemodynamics after TIPS also have prognostic 
indications for patients. If one were to graph post-TIPS perfusion 
curves, they would appear “arterialized” because there is a loss 
of the portal augmentation phase. Interestingly, patients with 
arterialized waveforms but low total perfusion before TIPS had 
a significantly higher mortality rate than the groups with better 
total hepatic perfusion or a portal type waveform. Patients with 
portal-type flow curves do well after TIPS regardless of the total 
hepatic perfusion. Thus, perhaps the source of blood flow is not as 
important as the amount of blood flow to the liver.13

Systemic Hemodynamic Changes 
and Clinical Implications for 
Hepatorenal Syndrome and Ascites
The creation of a conduit connecting the systemic circulation to 
the portal circulation leads to a decrease in total peripheral resist-
ance and allows for an increase of venous return to the heart. The 
combination of these two hemodynamic alterations has led some 
to postulate that TIPS worsens the hyperdynamic state of cirrho-
sis. Immediately after TIPS, the effects of increased preload drive 
the systemic hemodynamic changes. There are large increases 
of right atrial pressure and wedge pulmonary pressures imme-
diately after TIPS indicating an increase in central venous return 
caused by splanchnic blood flow into the systemic circulation.14–16 
Despite the decrease in portal venous pressure and portosystemic 
gradient, the peripheral vasculature and pulmonary vasculature 
still remain vasodilated because vasodilatory substances from the 
splanchnic circulation are shunted to peripheral vascular beds by 
the newly created vascular communication.14 This may explain 
why some studies do not observe an increase in mean arterial 
pressure (MAP) 1 hour after TIPS16 but some note an increase in 
MAP that returns to baseline within 1 week of TIPS insertion.17 
Along with these changes, patients also experience an increase 
in end-diastolic volume, left ventricular ejection fraction, and left 
ventricular stroke volume.15 Stanley et al noted that the decrease 
in portosystemic gradient had a significant correlation with the 
decrease in SVR and increase in cardiac output.16 Post-TIPS mag-
netic resonance imaging of the heart reveals an increase in dias-
tolic dimensions of the both the right and left cavities of the heart 
along with increased myocardial thickening during systole.15

Furthermore, there is increased myocardial thickening at the 
end of systole, signifying greater cardiac contractility.15 As a 
result of the increasing preload and decrease in total peripheral 
resistance, there is also a significant increase in cardiac index 
immediately after TIPS. Several studies do not report a compen-
satory increase in heart rate in the setting of peripheral vasodil-
atation.15,16 Elevated baseline epinephrine causes a decrease 
of β-adrenergic receptors on cardiac myocytes, leading to an 
attenuated cardiac stress response.15 Whereas pulmonary artery 

pressure increases significantly after TIPS, pulmonary vascular 
resistance decreases nonsignificantly immediately after TIPS.15 
When using the azygous venous flow rate as a surrogate for gas-
trocollateral flow, one can conclude that the 30% decrease in flow 
rate over a 1-year after TIPS period—which is directly propor-
tional to the decrease in changes in portal venous pressure—will 
decrease the risk of variceal bleed in cirrhotic patients.17

Follow-up of hemodynamic parameters reveals that patients 
undergo some adaptation to the hemodynamic changes caused by 
TIPS creation. Columbato et al noted that total peripheral resist-
ance remained decreased at 2-month follow-up. Cardiac index, 
pulmonary capillary pressure, pulmonary arterial pressure, and 
right atrial pressure decreased during the 2 months after TIPS but 
were still elevated compared with pre-TIPS levels.14 At 2 months, 
the decrease in cardiac index represents the beginning of cardiac 
adaptation to the increase in venous return to the heart.14 Kovacs 
et al reported that at 4- to 6-month follow-up, stroke volume, car-
diac dimension of the left ventricle, and total peripheral resist-
ance returned to pre-TIPS values. However, these acute increases 
in preload resulted in mild left ventricular hypertrophy evidenced 
by an increase in left ventricular myocardial mass.15 Lotterer et al 
studied the hemodynamic changes in patients for up to 1 year 
after TIPS creation and notably revealed that although cardiac 
output increased in the first 3 months after TIPS, it returned to 
baseline by 1 year after the procedure.17

TIPS creation does not result in systematic changes in cerebral 
perfusion in patients when comparing pre- and post-TIPS inser-
tion. Patients may experience slight improvements in mental 
status in terms of reaction times and cirrhosis as evaluated by 
Child-Pugh score.18

TIPS has been seen to improve diastolic dysfunction. The ratio of 
early maximal ventricular filling velocity/late filling velocity (E/A) 
as a surrogate marker for diastolic dysfunction are those with a 
normal E/A ratio greater than 1. In the series of 32 TIPS patients 
reported by Cazzaniga et al, the number of patients with normal 
E/A increased after TIPS in eight patients (25%), and the number of 
patients with low E/A ratio decreased by eight (25%). Also, percent 
changes in E/A ratio were directly proportional to stroke volume, 
left ventricular end-diastolic volume, and atrial natriuretic pep-
tide level.19 Also, post-TIPS E/A was a predictor of mortality.19

Portal hypertension is often complicated by two entities that 
share pathophysiologic similarities: hepatorenal syndrome (HRS) 
and ascites. Ascites is caused by splanchnic vasodilatation, which 
increases portal venous flow coupled with increased hepatic 
resistance from PHT. The decrease in effective arterial blood vol-
ume results in activation of the RAAS and antinatriuretic factors 
that increase sodium retention and reabsorption. Changes in 
intestinal capillary pressure result in preferential fluid accumu-
lation in the abdomen.20 HRS is a progressive renal failure of oth-
erwise normal kidneys caused by cirrhosis. Type I HRS has rapid 
onset with a high mortality rate. Liver transplant is the treatment 
of choice for HRS. Type II HRS is slower, progressive onset of renal 
failure. Because all patients with HRS are not good surgical candi-
dates, TIPS offers another treatment option.21

Renal autoregulation ensures that the kidney receives constant 
blood flow regardless of fluctuation of blood pressure. However, 
the pathophysiology of cirrhosis affects this autoregulation in at 
least two ways. First, renal autoregulation only operates at a per-
fusion pressure of greater than 65 to 75 mm Hg. Renal blood flow 
decreases in proportion to this critical value, and autoregulation 
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does not function properly. Thus, the systemic vasodilatation seen 
in cirrhosis impairs this renal mechanism. Second, the chronic 
increase in sympathetic tone observed in patients with cirrhosis 
negatively impacts the effects of renal autoregulation. As men-
tioned earlier, this vasodilatation results in a reflexive increase 
in systemic sympathetic tone. This causes a rightward shift of 
renal autoregulation and causes renal blood flow and renal func-
tion to be highly dependent on blood pressure. In a patient with 
a baseline normal sympathetic tone, this acute increase in sym-
pathetic tone would activate the RAAS cascade and allow for 
adequate renal perfusion. However, in a cirrhotic, vasodilated 
patient, the pressures produced by patients with cirrhosis are not 
sufficient to maintain renal function and rather exacerbates renal 
underperfusion.22

Investigating the changes in renal vasoactive substances 
along with hemodynamic parameters elucidates physiologic 
changes that lead to improved renal function after TIPS. Stadl-
bauer et al closely examined the effect of TIPS on hemodynamics 
3 to 4 weeks after TIPS placement in patients with no ascites, 
diuretic-responsive ascites, intractable ascites, type II HRS, and 
refractory ascites requiring TIPS. This study demonstrated the 
relationships between hemodynamic parameters and hormone 
imbalances in patients with increasing levels of fluid retention. 
At baseline, they noted that patients with type II HRS had higher 
creatinine than other groups. Stadlbauer et al noted that cre-
atinine clearance decreased as patients’ severity of fluid reten-
tion increased. Based on what we know from renal autoregu-
lation and liver cirrhosis, it is not surprising that patients with 
refractory ascites and type II HRS had lower MAP and SVR and 
increased cardiac output compared with the other groups of 
patients. Similarly, patients with HRS and refractory ascites have 
higher plasma norepinephrine compared with the other groups 
of patients. Although all groups had decreased renal blood flow 
and renal perfusion pressure, patients with type II HRS and 
refractory ascites had much lower values. MAP, urine sodium 
excretion, creatinine clearance, and SVR positively correlated 
with renal blood flow. Cardiac output, hepatic venous pressure 
gradient, and norepinephrine serum levels had negative corre-
lations with renal blood flow. Insertion of TIPS led to a decrease 
in hepatic venous pressure gradient and serum norepinephrine 
levels, leading to an increase in renal blood flow without a signif-
icant change in blood pressure.22

Brensing et al investigated effects of TIPS placement on renal 
function in patients with type I and type II HRS. The study found 
that patients with type I and type II HRS had very different glo-
merular filtration rates (GFRs) but had similar decreases in urine 
sodium excretion and serum sodium.21 Similar to the study by 
Stadlbauer et al., within the first month of TIPS placement, there 
is a significant improvement of renal function markers such 
as serum creatine, creatinine clearance, serum urea, sodium 
excretion, and urine volume. Four of seven (57%) hemodialysis-
dependent patients had restored kidney function, allowing for 
withdrawal of hemodialysis and reintroduction of diuretics. Por-
tal and systemic activation of the renin–angiotensin system were 
both decreased after TIPS. After TIPS placement, ET-1 decreased 
in the portal system.21 TIPS insertion leads to improved central 
venous filling, leading to decrease in systemic vasoconstrictors, 
leading to increased sodium excretion and increased GFR.23 A 
decrease in sinusoidal pressure after TIPS may also decrease sym-
pathetic-mediated renal proximal tubule sodium retention.21

It is interesting to note that although there are immediate 
changes in hemodynamic parameters, TIPS does not provide an 
acute increase in renal blood flow.16 Guevara et al demonstrated 
that the suppression of hormones closely linked to volume status 
in cirrhotic patients, such as renin, aldosterone, and epinephrine, 
did not occur 1 week after TIPS in their series of seven patients 
with type I HRS.24 One month after TIPS, patients had improved 
hemodynamics, with decreased creatinine and blood urea nitro-
gen, but GFR and renal plasma flow (RPF) increased but were still 
below normal. There was also significant increase in urine volume 
but a nonsignificant increase in free water clearance and sodium 
excretion. As a result, the positive sodium balance resulted in all 
patients experiencing ascites. And although the RAAS and sym-
pathetic nervous systems were significantly decreased from pre-
TIPS values, they still remained abnormal. Furthermore, arterial 
pressure did not change after TIPS. However, because the patients 
were able to maintain their blood pressure to pre-TIPS levels in 
the setting of RAAS suppression, this suggests that patients may 
be restoring their renal autoregulation curve to normal.24

The aforementioned studies discussed the use of TIPS in 
patients without adjunctive medical therapy to optimize their 
hemodynamic status. Wong et al explored the utility of TIPS in 
treating patients with type I HRS in conjunction with midodrine, 
octreotide, and albumin to optimize hemodynamic function 
before TIPS. Ten of the 14 patients (71%) in this series responded 
to medical therapy with a significant increase in GFR, renal 
plasma flow, urinary volume, and urine sodium and a decrease 
in renal vascular resistance, serum creatinine, and serum urea. 
These patients benefitted from TIPS creation. As in other series, 
these patients demonstrated an increasing hyperdynamic state 
with increased cardiac output and reduction in SVR that was 
associated with increased MAP and increase in central blood vol-
ume. However, after 6 months, systemic hemodynamics trended 
toward normal with a decrease in central blood volume, again 
demonstrating the resolution of the worsened hyperdynamic 
state after TIPS. Patients also had a decrease in renin, aldos-
terone, and norepinephrine during their 12-month follow-up 
period.25

The results of several studies show that HRS patients benefit 
from TIPS, but some evidence suggests that some patients benefit 
significantly more than others. Anderson et al revealed a signif-
icant correlation between the amount of renal dysfunction and 
the amount of renal improvement.26 In other words, patients with 
worse kidney function benefit the most from TIPS creation. In 
patients with increased creatinine, there was a decrease in cre-
atinine level after TIPS. The authors found that indication for TIPS 
placement can also effect a change in creatinine. Only patients 
who had TIPS for variceal bleeding and had poor kidney function 
had an improvement in renal function after TIPS, but patients 
who had TIPS for variceal bleeding and normal creatinine did not 
see improvement in renal function. Furthermore, patients who 
had refractory ascites or hepatohydrothorax had an improvement 
in renal function after TIPS. Interestingly, patients without renal 
dysfunction before TIPS had an increase in model for end-stage 
liver disease (MELD) score after TIPS, but patients with renal dys-
function showed a decrease in MELD score after TIPS.26

Several series have shown the success of TIPS in the treatment 
of ascites. The hormonal changes crucial to restoration of renal 
function in patients with HRS are also those necessary to improve 
ascites. A study by Wong et al revealed patients with ascites who 
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had improved natriuresis and hormonal profile did not have 
increased renal blood flow or improved MAP. In fact, it occurred 
in the setting of vasodilatation.23 Thus, it would seem that the 
neurohormonal changes are more important in the treatment of 
ascites as opposed to return to a normal hemodynamic profile. A 
subsequent study by Wong et al noted that with normalization of 
sinusoidal pressure below the critical value of 8 mm Hg, natriure-
sis begins at 2 weeks. This 2-week natriuresis is related to normal 
plasma renin activity and a decrease of aldosterone. However, a 
negative sodium balance was achieved at 4 weeks, which is con-
sistent with other studies. At 1 month after TIPS, there is already 
a marked increase in serum sodium consistent with improvement 
of hyponatremia. At 12 months, there is a marked decrease in 
RAAS hormones and norepinephrine corresponding to a decrease 
in sodium reabsorption and increase in natriuresis. As ascites is 
increasingly controlled by restoration of normal neurohormonal 
substances that cause natriuresis, patients require fewer diuretics 
and paracenteses.27

Long-term follow-up studies have demonstrated that TIPS is 
effective in the treatment of ascites. At 6 months after TIPS, all 
patients in this 14-patient series had complete resolution. Four-
teen months after TIPS, patients had markedly improved renal 
hemodynamics with a decrease in renal vascular resistance along 
with a significant increase in renal blood flow and GFR. They also 
demonstrate the ability to maintain sodium balance. Sodium 
balance was maintained in most patients except four of 14 (29%) 
with mild pedal edema. Sodium loading at 14 months showed the 
appropriate physiologic responses with increased sodium excre-
tion and suppression of the RAAS.28

Conclusion
Portal hypertension can produce a multitude of hemodynamic 
changes that can have life-threatening complications. TIPS is a 
minimally invasive procedure that has proven effectiveness in the 
treatment of varices, HRS, and ascites. The portal, cardiovascular, 
and renal changes that occur after TIPS are complex and interde-
pendent; an improved understanding of these effects can improve 
patient selection, risk stratification, and follow-up protocols.

Clinical Pearls
•	 Post-TIPS hemodynamics are complex and involve not only the 

portomesenteric venous system but the arterial circulation 
and heart as well.

•	 Liver cirrhosis causes increased peripheral vascular resist-
ance. Neurohormonal and structural changes, including 
portosystemic shunt creation, lead to hyperdynamic portal 
circulation.

•	 Liver cirrhosis leads to reduced NO production by the liver 
and increased systemic and splanchnic NO production, which 
leads to systemic vasodilation and hyperdynamic circulation, 
decreased cardiac index, reduced intravascular volume, and 
increased antidiuretic hormone and leads to eventual cardiac 
insufficiency, renal hypoperfusion, and renal failure.

•	 Because of decreased inline portal blood flow to the liver, 
there is decreased hepatic arterial resistive index and 
compensatory increase in hepatic arterial flow mediated by 
the HABR.

•	 TIPS is a high-velocity conduit that bridges the portal  
vein with the hepatic vein and thus shunts from the PV  
to the hepatic vein. This leads to an approximate 50%  
increase in main portal flow but a decrease inline portal 
perfusion.

•	 The reduced portal hepatic perfusion after TIPS leads to 
increased arterial peak systolic velocity and increased arterial 
flow.
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Chapter 17: Budd-Chiari Syndrome: Transjugular Intrahepatic 
Portosystemic Shunt and Hepatic Vein Recanalization
Sundeep Punamiya and Hector Ferral

Introduction
Budd-Chiari syndrome (BCS) refers to hepatic venous outflow 
obstruction, occurring at any level from hepatic veins to the supra-
hepatic segment of the inferior vena cava (IVC). The obstruction may 
be caused by hepatic lesions such as a tumor, cyst, or abscess and is 
termed “secondary BCS,” but this accounts for only a small number 
of cases. In most cases, it occurs from thrombosis of the hepatic 
veins or the IVC and is termed “primary BCS.” Several prothrom-
botic risk factors are known to cause primary BCS (▶ Table 17.1), 
one or more of which are detected in almost 90% of cases.1

Primary BCS begins with acute thrombosis of the hepatic vein 
outflow over a variable length of the hepatic vein, IVC, or both. This 
later evolves toward fibrous sequelae, forming stenosis, webs, or 
membranes.2 The resultant venous obstruction causes an increase 
in hepatic sinusoidal pressure that leads to a cascade of events in 
the liver, beginning with hepatocellular congestion, necrosis, and 
finally cirrhosis. Over a period of time, venous collaterals develop 
in an attempt to spontaneously decongest the liver. Extrahepatic 
portal vein thrombosis is seen in 15% of patients with BCS, likely 
secondary to flow stasis within the portal vein and preexisting 
prothrombotic diatheses.3

Budd-Chiari syndrome is classified according to the level of 
hepatic venous outflow obstruction (▶ Table 17.2). Endovascular 
treatment of BCS is based on the level of obstruction, chronicity of 
disease, and morphology of the obstructive lesion.4,5

Treatment of Budd-Chiari 
Syndrome
Anticoagulation and, if possible, treatment of underlying dis-
orders (e.g., myeloproliferative disease, paroxysmal nocturnal 

hemoglobinuria) form the cornerstone of therapy in BCS and 
should be initiated as early as possible in the disease.4 Antico-
agulation alone succeeds in controlling liver disease in 10% of 
patients.5

Next, whenever possible, recanalization of the hepatic venous 
outflow by angioplasty and stenting should be attempted because 
it restores physiological blood flow and decongests the liver with 
minimal risk. This is offered in both symptomatic and asympto-
matic patients and is feasible if the stenosis or occlusion of the 
hepatic veins or IVC is of short segment.6

A transjugular intrahepatic portosystemic shunt (TIPS) is recom-
mended in symptomatic patients with BCS when (1) the hepatic 
vein occlusive segment is long, (2) there is failure to recanalize the 
hepatic veins, or (3) there is no clinical benefit from hepatic vein 
recanalization.7–10 Surgery is considered only when radiologic 
procedures fail to resolve the symptoms or if the liver dysfunction 
is very severe, warranting an urgent liver transplantation.

Hepatic Venous Recanalization
Strategies to Recanalize Hepatic 
Venous Outflow
The first step involves angiographic assessment of the venous 
outflow. If the IVC lumen is compromised at or above the level 
of insertion of hepatic veins, it should be recanalized first. Caval 
recanalization would suffice if the hepatic veins are patent or 
if there is a prominent inferior right hepatic vein that contrib-
utes to the hepatic venous outflow. Hepatic vein recanalization 
is required in absence of any single, dominant hepatic outflow 
channel. For this, restoring flow to the largest of the three hepatic 
veins is usually sufficient for relief of symptoms.

Table 17.1  Common Causes of Thrombotic Diathesis Associated with Budd-Chiari Syndrome, with Recommended Investigations1

Common Causes Recommended Investigations

Myeloproliferative disorders Complete blood cell count, bone marrow biopsy, total red blood cell mass, and serum erythropoietin after 
correction for iron deficiency, endogenous erythrocyte colonies, and V617F JAK2 mutation

Antiphospholipid syndrome Anticardiolipin antibodies, lupus anticoagulant, anti-β2-glycoprotein-1 antibodies, antinuclear antibodies

Paroxysmal nocturnal hemoglobinuria Flow cytometry for CR55- and CD59-deficient cells

Hyperhomocysteinemia Serum folate, vitamin B12, and homocysteine levels, MTHFR polymorphism

Factor V Leiden mutation Activated Protein C resistance, DNA analysis for G1691A substitution in factor V gene

Prothrombin gene mutation DNA analysis for G20210A substitution in factor II gene

Protein C deficiency Protein C plasma level

Protein S deficiency Protein S plasma level

Antithrombin III deficiency Antithrombin III plasma level

Behçet’s disease History and clinical examination

Oral contraceptive use History

Pregnancy and postpartum status History and clinical examination

MTHFR: methylene tetrahydrofolate reductase.

IRBK003-CH17_p148-155.indd   148 5/29/17   7:13 PM



Chapter 17: Budd-Chiari Syndrome: Transjugular Intrahepatic Portosystemic Shunt and Hepatic Vein Recanalization

149

Technique of Inferior Vena 
Cava Recanalization
Recanalization is usually attempted from a femoral transvenous 
approach using a catheter and hydrophilic guidewire to cross the 
lesion. An IVC web or stenosis is generally traversable and can be 
easily dilated and stented with a large-diameter self-expandable 
or balloon-expandable stent (▶ Fig. 17.1).

An IVC membrane, however, cannot be crossed easily with a 
guidewire and often requires fenestration. This can be achieved 
with the stiff back end of a guidewire or with a Rösch-Uchida or 
Ring needle, at times accompanied by a coaxial long 22-gauge nee-
dle advanced carefully toward the patent suprahepatic IVC. A suit-
able entry point can be identified with a pigtail catheter placed in 
the suprahepatic IVC from a jugular approach (▶ Fig. 17.2). After 
successful fenestration, the membrane is sequentially dilated 
with angioplasty balloons of increasing diameter before deploy-
ment of a large-diameter stent.

Technique of Hepatic Vein 
Recanalization
The hepatic vein can be recanalized from a transvenous approach 
or a transhepatic approach, either alone or in combination.
1.	 Transvenous approach (▶ Fig. 17.3): The hepatic vein ostium 

is accessed from a jugular or femoral access, after which the 
hepatic vein lesion is traversed with a guidewire or fenes-
trated with a TIPS puncture needle. The lesion is then dilated 
and stented, usually with a balloon-expandable stent.

2.	 Transhepatic approach (▶ Fig. 17.4): This is generally used 
when the transvenous approach fails. A peripheral hepatic 
vein branch is accessed with an Accustick or Neff set under 
ultrasound guidance, and a 6- to 8-Fr sheath is inserted. An 
appropriately angled angiographic catheter and guidewire 
are then used to cross the hepatic vein lesion. If the lesion 
cannot be traversed with a guidewire, a Chiba needle can be 
used for fenestration. After it is crossed, the lesion is dilated 

Table 17.2  Classification of Budd-Chiari Syndrome According to Site of Obstruction4,5

Site of Obstruction
Frequency According to 
Imaging Techniques (%) Criteria

Small hepatic veins NA Involvement of veins that cannot be clearly shown on hepatic venography or 
ultrasonography, including terminal hepatic veins and intercalated and interlobular veins

Large hepatic veins 50 Involvement of veins that are regularly seen on hepatic venography or ultrasonography, 
including segmental branches of hepatic veins

Inferior vena cava 2 Involvement of one segment of the IVC, which extends from the entry level of the right, 
middle, and left hepatic veins to the junction between the IVC and the right atrium

Combined obstruction 47 Involvement of the large hepatic veins and IVC

IVC: inferior vena cava.

Fig. 17.1  A 54-year-old man with Budd-Chiari 
syndrome from an occult myeloproliferative 
disorder. (a) Cavogram shows a weblike 
narrowing (arrow) in the suprahepatic inferior 
vena cava with a 30–mm Hg pressure gradient 
across it. (b) The lesion could be crossed with a 
hydrophilic wire, dilated sequentially with 10- 
and 16-mm angioplasty balloons, and stented 
with a 20-mm diameter nitinol stent.

IRBK003-CH17_p148-155.indd   149 5/29/17   7:13 PM



150

Section III: Endovascular Management: Shunts and Splenic Embolization

Fig. 17.2  Inferior vena cava (IVC) membrane in a 43-year-old 
man with systemic lupus erythematosus. (a) Cavogram shows 
a 2-cm-long IVC occlusion. (b) A Rösch-Uchida liver access set 
(RUPS) cannula was introduced, with its tip directed superiorly 
and anteriorly toward the patent suprahepatic segment. 
(c) Fenestration done with a 22-gauge coaxial Chiba needle, 
using a pigtail catheter placed in the suprahepatic IVC as a 
target. (d) Cavogram after balloon dilatation and deployment 
of a Palmaz XL balloon-expandable stent.

Fig. 17.3  Transvenous recanalization of a hepatic 
vein stenosis in a 35-year-old man with Budd-
Chiari syndrome caused by polycythemia vera and 
presenting with a large hepatic hydrothorax. (a) 
The middle hepatic vein was cannulated with a 
multipurpose catheter introduced from a jugular 
access, and the venogram shows a focal stenosis 
of the middle hepatic vein (arrow). The right and 
left hepatic veins were occluded. (b) The stenosis 
could be crossed with a guidewire and primarily 
stented with a 9-mm Palmaz stent.
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Fig. 17.4  Transhepatic recanalization of a hepatic vein stenosis in a 36-year-old man with Budd-Chiari syndrome presenting with ascites. (a) The hepatic 
vein could not be cannulated from the jugular vein and had to be accessed percutaneously from an ultrasound-guided transhepatic puncture after large-
volume paracentesis. Venogram through a percutaneous 7-Fr sheath shows a weblike narrowing at the ostium of the right hepatic vein (arrow). (b) The 
stenosis was crossed with a guidewire and dilated with an 8-mm angioplasty balloon. (c) Posttreatment venography shows a satisfactory result, after 
which the parenchymal tract was occluded with embolization coils and Gelfoam slurry.

Fig. 17.5  Combined transhepatic–transvenous recanalization of a hepatic vein web in a 44-year-old man presenting with abdominal pain and 
large-volume ascites. (a) Hepatic venography shows the occluded right hepatic vein, which could not be accessed from the jugular vein and had 
to be accessed from a percutaneous transhepatic approach. (b) The occlusion could not be traversed with a wire and required fenestration with a 
sheathed needle. (c,d) After needle fenestration, the wire was snared from the jugular sheath. (e) Subsequent balloon angioplasty and stenting were 
performed from the jugular access. (f) Patency of vein was restored after implantation of a 10-mm Palmaz stent. The percutaneous needle tract was 
embolized.

IRBK003-CH17_p148-155.indd   151 5/29/17   7:13 PM



152

Section III: Endovascular Management: Shunts and Splenic Embolization

and stented from the transhepatic route itself, after which 
the tract is embolized with coils or glue. It is common for 
patients with BCS to have large-volume ascites; therefore, a 
peritoneal drain may be required when this approach is being 
used.

3.	 Combined transhepatic–transvenous approach (▶ Fig. 17.5):  
This alternative could be used if there is concern for 
upsizing the parenchymal tract in patients having signif-
icant ascites. With this method, the hepatic vein lesion is 
crossed from a transhepatic approach as outlined ear-
lier. When the guidewire enters the IVC, it is snared and 
removed from the jugular access. Subsequent balloon 
dilatation and stent placement are then continued from 
the jugular approach.

Technique of Combined Inferior Vena 
Cava and Hepatic Vein Recanalization
If the IVC is obstructed at the level of the hepatic vein insertion, 
it often requires restoration of flow through the IVC as well as the 
hepatic vein. This can be performed in two different ways:
1.	 Kissing stent approach (▶ Fig. 17.6): The IVC and hepatic 

veins are each recanalized as explained earlier, after which 

“kissing” self-expandable stents are deployed across the 
hepatic vein and IVC.

2.	 T-stent approach (▶ Fig. 17.7): The IVC is first recanalized 
and stented. Next, the hepatic vein obstruction is crossed 
from a transhepatic approach, and the IVC lumen is entered 
through the stent wall. An angioplasty balloon is then used 
to dilate the hepatic vein lesion and caval stent interstices 
followed by deployment of a balloon-expandable stent, 
ensuring that the hepatic vein stent protrudes slightly into 
the caval lumen.

Results and Complications of Hepatic 
Venous Outflow Recanalization
Hepatic venous outflow recanalization has a technical success 
rate of up to 97%, with failures reported mostly in patients with 
long segment occlusion.6–10 In a large retrospective study, cumu-
lative 1-, 5-, and 10-year primary and secondary patency rates 
of 95%, 77% and 58%, and 97%, 90% and 86%, respectively, have 
been achieved.8 Predictably, reocclusion rates were higher in 
patients undergoing balloon angioplasty than stenting (31% vs. 
7.7%). Interestingly, one fourth of these patients remained asymp-
tomatic despite the occlusion, presumably from development of 

Fig. 17.6  Combined hepatic 
and caval recanalization with 
kissing stents in a 28-year-
old woman having chronic 
occlusion at the hepatocaval 
confluence. (a) Cavogram from 
the femoral approach shows an 
8-cm-long occlusion of the juxta 
hepatic inferior vena cava (IVC). 
(b) Percutaneous hepatic venogram 
shows an occlusion 4 cm in length of 
the right hepatic vein. (c) The caval 
occlusion could be recanalized with 
the stiff back end of the guidewire, 
but the hepatic vein occlusion 
required needle fenestration, after 
which 8- and 16-mm-diameter 
Wallstents were deployed side by 
side in the hepatic vein and IVC, 
respectively. (d) Final venogram 
shows patency restored to the IVC 
and right hepatic vein.

IRBK003-CH17_p148-155.indd   152 5/29/17   7:13 PM



Chapter 17: Budd-Chiari Syndrome: Transjugular Intrahepatic Portosystemic Shunt and Hepatic Vein Recanalization

153

Fig. 17.7  T-stenting for a 54-year-old man with Budd-Chiari syndrome from an occult myeloproliferative disorder who had undergone stenting of an 
inferior vena cava (IVC) web, with no clinical response. (a) Percutaneous hepatic venogram showing membranous occlusion at the ostium of the middle 
hepatic vein. (b) Needle fenestration of the hepatic vein membrane was done with a 22-gauge Chiba needle, penetrating the IVC stent. (c-e) The stent 
was fenestrated with an angioplasty balloon after which a 10-mm Palmaz stent was deployed across the IVC stent fenestration. (f) Posttreatment 
venography shows good flow across the hepatic vein and IVC stents.

more venous collaterals. Recanalization procedures are fairly safe, 
with no reported deaths in most case series. However, severe com-
plications such as hepatic laceration, capsular perforation, and 
venous rupture have been reported in fewer than 2% of patients, 
requiring prompt surgical intervention.8 Long-term outcomes of 
hepatic outflow recanalization are excellent, with cumulative 1-, 
5-, and 10-year survival rates of 96%, 83%, and 73%, respectively.

Transjugular Intrahepatic 
Portosystemic Shunt
The use of TIPS in the management of BCS was first reported in 
1993.11 This report included the description of two patients: one 
with fulminant BCS and the other with subacute BCS. The proce-
dure was successful in both patients, and it established the pos-
sibility of managing this condition with a percutaneously created 
shunt.11 The ability to manage BCS with a minimally invasive pro-
cedure represented a significant progress mainly because surgical 
options may be limited.12–14 Several reports have now been pub-
lished, and for the most part, all have demonstrated that TIPS is a 
valid therapeutic option in patients with BCS.12,15–22

Technique of Transjugular Intrahepatic 
Portosystemic Shunt in Budd-Chiari 
Syndrome
Creation of a TIPS in a patient with BCS may be technically diffi-
cult because there is either stenosis or absence of hepatic veins. 
The technical difficulties associated with TIPS creation in these 
patients may make the procedure lengthy and increase the risk 
for a technical failure or a major complication.15,21 Technical mod-
ifications such as intraparenchymal puncture, transcaval punc-
ture, and ultrasound-guided TIPS may be necessary to create a 
successful track between the IVC and the portal vein.21,23–25 In 
addition, because these patients usually have enlarged livers, the 
creation of the track usually requires more than one stent to cover 
the entire length properly.21

Hepatic venous occlusion often requires a transcaval puncture 
for the TIPS. The cava can be most safely punctured in its retro-
hepatic or “safe” zone within 6 cm of the right atrium.26 At this 
site, however, the puncture needle tends to slide down the IVC 
during the transcaval puncture because of lack of anchorage. A 
left internal jugular vein approach is useful in such cases because 

IRBK003-CH17_p148-155.indd   153 5/29/17   7:13 PM



154

Section III: Endovascular Management: Shunts and Splenic Embolization

the angle of entry into the right side of the liver coming from a 
left IJV approach is usually very direct, and in the authors’ opin-
ion, makes it easier to “bury” the trocar or puncture system into 
the liver parenchyma. A gentle but firm forward pressure needs 
to be applied into this area to perform the transparenchymal 
puncture. Most patients will have a small hepatic vein “stump” 
(▶ Fig. 17.8) corresponding to the occluded hepatic vein, and the 
operator should attempt to anchor the needle system within this 
small stump.

Many operators prefer a coaxial access system for these cases 
such as the RUPS-100 (Cook, Bloomington, Indiana), Transjugular 
Access Set (AngioDynamics, Queensbury, New York), or a coaxial 
21-gauge needle (Chiba biopsy needle, Cook) because this kind 
of access system allows the operator to anchor the guiding tro-
car into the stump and advance the puncture needle through the 
parenchyma. After the trocar is firmly placed in this position, 
the needle may be advanced into the liver parenchyma. When the 
puncture needle is within the parenchyma, a gentle CO2 injection 

can be performed (▶ Fig. 17.8d). Access into the portal vein will 
be easier if a roadmap is established. The operator needs to be 
careful with needle passes in patients with BCS because these liv-
ers are usually soft and not hard as typically seen in patients with 
cirrhosis. The technical challenge in BCS cases is the occlusion 
of the hepatic veins, not the traversal of the liver parenchyma. 
After access into the portal vein is obtained, a portogram must 
be performed to confirm good position within the portal venous 
system. The authors recommend the use of a measuring catheter 
to determine the length of the transparenchymal tract with pre-
cision because these patients usually have long transparenchymal 
tracts because the liver is usually enlarged from liver congestion. 
After the length of the tract is confirmed, the tract is lined with 
self-expandable metallic stents. The use of VIATORR stent grafts 
improves the long-term patency, and the use of this stent is rec-
ommended in these cases. The ideal stent position is within the 
main portal vein; the stented segment needs to be extended all 
the way into the IVC as shown in ▶ Fig. 17.8f.

Fig. 17.8  A 29-year-old man, previously healthy, presented to the hospital with fulminant liver failure. The initial workup with an emergency transjugular 
liver biopsy (not shown) showed signs of severe congestion, consistent with the diagnosis of fulminant Budd-Chiari syndrome (BCS). The images were 
obtained during an emergency transjugular intrahepatic portosystemic shunt (TIPS) procedure. (a) Image obtained during TIPS creation in a patient with 
BCS. The spot film shows an Amplatz left coronary catheter advanced from the left internal jugular vein. A small “nipple” is identified, corresponding 
to the stump of the occluded hepatic vein. (b) The angiographic catheter has now been advanced into the liver parenchyma, and contrast injection 
demonstrates atretic hepatic veins. (c) The guiding cannula has been gently buried within the liver parenchyma. Contrast has been injected via the tip 
of the Rösch-Uchida system (Cook, Bloomington, Indiana). The classic “spider-web” appearance is demonstrated. (d) The needle has been carefully 
advanced into the liver parenchyma. The spot film was obtained during CO2 injection into the liver parenchyma via the Rösch-Uchida system. The portal 
vein is clearly demonstrated. (e) Image obtained after successful entry into the portal system. The portogram was performed using a measuring catheter. 
Notice the long track through the liver parenchyma. (f) Direct portogram performed after successful shunt creation shows a widely patent shunt from the 
right portal vein, directly into the inferior vena cava. This shunt was created with two overlapping VIATORR stent grafts.
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Results and Complications 
of Transjugular Intrahepatic 
Portosystemic Shunt
Results of TIPS procedures in patients with BCS have been encour-
aging with a more than 90% technical success rate and more than 
75% clinical success rate.19,21,27 TIPS can be created with bare-
metal stents and recently with stent grafts.21 TIPS creation with 
bare-metal stents has the disadvantage of reduced patency rates 
compared with TIPS created with covered stents.12,19,21,28 Gandini 
and coworkers found improved shunt patency rates in patients 
undergoing TIPS with expanded polytetrafluoroethylene (ePTFE)–
covered stents. The mean patency duration was 4.4 months for 
patients treated with bare stents compared with 22.2 months for 
patients treated with stent grafts.19 The 6- and 12-month patency 
rates were 100% and 85.7%, respectively, for stent grafts compared 
with 16.7% and 0% for bare stents (P < 0.001).19 TIPS in patients 
with BCS is technically challenging, and this increases the risk 
of having a technical failure or a major complication during the 
procedure.21 Garcia-Pagan et al reported a technical failure rate 
of 7% and a complication rate of 17.7%.21 Fatal complications 
were seen in only two patients and included IVC injury and IVC  
occlusion by the stent.21 Nonfatal complications were subcapsular 
hematoma, hemoperitoneum, hemobilia, heart failure, infection, 
supraventricular tachycardia, IVC compression, and hemolysis in 
133 patients with BCS in whom a TIPS was attempted.21

In Garcia-Pagan et al’s series, 13% of patients died after TIPS, 
and 6.5% required a liver transplant21; the causes of death were 
liver failure, sepsis, hematologic disorders, stroke, and gastroin-
testinal bleeding of unknown cause.21 TIPS dysfunction was seen 
in 41% of patients in Garcia-Pagan et al’s series.21 Dysfunction was 
managed with additional stent placement in 35 patients, balloon 
angioplasty in 20, and thrombolysis in 6. As mentioned previously, 
these authors found that patency rates were better in patients 
treated with stent grafts as opposed to bare-metal stents.21 The 
transplant-free survival rates in this group of patients at 1, 5, and 
10 years were 88%, 78%, and 69%, respectively.21

Conclusion
Budd-Chiari syndrome is a heterogenous and complex disease, 
management of which requires a multidisciplinary approach 
involving teams from hepatology, hematology, transplant surgery, 
and interventional radiology (IR). IR forms the core of this group, 
with image-guided endovascular procedures being accepted as 
the principle modality to treat almost all forms of BCS. Strategies 
for the endovascular treatment of BCS should be individualized, 
depending on clinical condition and morphology of the venous 
obstruction. Anticoagulation and recanalization of the hepatic 
vein or IVC are favored as first-line therapy for both symptomatic 
and asymptomatic patients because they maintain physiological 
blood flow and arrest progression of liver disease, with excellent 
safety, efficacy, and survival outcomes. Failure of hepatic venous 
outflow recanalization, either technical or clinical, would benefit 
from a TIPS shunt. Reported technical and clinical results of TIPS 
have been very good, with transplant-free survival rates signifi-
cantly better than for those treated with medical therapy alone. 
The use of stent grafts is recommended to improve the long-term 
patency of these shunts.
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Chapter 18: Transjugular Intrahepatic Portosystemic Shunt 
Reduction for Post-TIPS Hepatic Encephalopathy
Adam D. Talenfeld and David C. Madoff

Indications for Transjugular 
Intrahepatic Portosystemic 
Shunt Reduction
Hepatic encephalopathy (HE) is a known complication of transjug-
ular intrahepatic portosystemic shunt (TIPS) creation. The most 
widely used system for grading the severity of HE is the West Haven 
criteria (▶  Table 18.1). The incidence of new or newly worsened 
hepatic encephalopathy (HE) after transjugular intrahepatic porto-
systemic shunt (TIPS) creation has traditionally been reported as 20% 
to 31%, although some series have reported this figure to be as high 
as 44%, and a recent randomized multicenter study reported a rate of 
HE after TIPS of 33%.1–5 The rate of post-TIPS HE refractory to medical 
management has traditionally been established at 4% to 7%, although 
more recently this number has been reported to approach 8%.6–8 
Despite initial concerns, rates of HE with covered TIPS appear to be 
the same or slightly less than as seen with bare-metal TIPS,9 although 
whether this reflects a difference in the design of TIPS shunt mate-
rials or a refinement of TIPS technique is uncertain. Although liver 
transplant is an option for a small subset of these patients, most will 
need endovascular TIPS revision. ▶ Table 18.2 outlines the indica-
tions and relative contraindications for TIPS reduction.

Reduction’s Predecessor: 
Transjugular Intrahepatic 
Portosystemic Shunt Occlusion
Ligation of surgically created portosystemic shunts was reported 
by Hanna et al in 1981 for the treatment of HE refractory to medical 
therapies.10 In 1984, Potts et al reported endovascular deployment 
of a detachable balloon within a surgically created splenorenal 
shunt that resulted in complete shunt occlusion and substantially 
improved liver function.11 Use of coil embolization for surgical 
shunt occlusion was reported in 1987 via transfemoral and per-
cutaneous transhepatic approaches,12 and a variety of techniques 
were subsequently implemented by surgeons and interventional 

radiologists for TIPS occlusion in the setting of refractory HE. These 
included various combinations of coil embolization and intra-TIPS 
Greenfield filter deployment.13,14 Also described was temporary 
transjugular inflation of latex occlusion balloons, left in place for 
up to 48 hours on a guidewire or with a supporting transjugular 
sheath to achieve shunt thrombosis without permanent indwell-
ing foreign material, so as to allow subsequent recanalization.7,8

Results
The proliferation of shunt occlusion procedures was limited 
by reports of rapidly ensuing hemodynamic instability, and 
death thought to be due to suddenly and severely reduced car-
diac preload and renal perfusion as well as reports of recurrent 
variceal bleeding.12,13,15 A retrospective single-center analysis 
of 38 TIPS occlusion and reduction procedures performed over 
a 14-year period reported a high rate of TIPS occlusion-related 
complications, including a procedure-related death rate of 9% 
(3 of 29 TIPS occlusion patients). From these data, the authors 
strongly recommended newer reduction techniques over TIPS 
occlusion for refractory HE.14 Central embolization of the balloon 
or of the induced TIPS thrombus into the pulmonary circulation, 
either periprocedurally or during any subsequent recanalization 
attempt, has been an additional theoretical concern raised with 
all balloon-mediated TIPS occlusion techniques.13,16

Early Transjugular Intrahepatic 
Portosystemic Shunt Reduction 
Techniques: Reducing Stents
The first report of a technique for intentionally narrowing with-
out occluding a TIPS was described in 1994 by Haskal and Middle-
brook.17 This technique involved weaving a 3-0 silk suture circum-
ferentially through the interstices of the midportion of a Wallstent 
(Boston Scientific, Natick, MA), which was partially deployed on a 
sterile back table, achieving a constrained stent diameter of 5 mm. 
The stent was then resheathed in a long 9-Fr sheath and deployed 
by unsheathing the stent from a transjugular approach coaxially 
within a long 12-Fr sheath. The authors acknowledged that the 
technique was more involved than many contemporary occlusion 
techniques but noted that the sutures could be broken with angio-
plasty if wider shunt patency is later desired. Reduced flow within 
the revised shunt was thought to be due to increased turbulence of 
flow because contrast was seen passing through the interstices of 
the newly placed constrained stent immediately after placement.
Various other techniques for deploying reducing stents within 

existing TIPS shunts were described. One of these made use of 
a coaxial smaller balloon-expanded stent to constrain a larger 
self-expanding stent.18 Another technique comprised partially 
deploying one end of a larger balloon-expanded stent and fully 
deploying the other.19 The narrow, partially deployed end of the 
stent reduced flow through the TIPS, and the wider fully deployed 
end fixed the new stent to the walls of the shunt.

Table 18.1  West Haven Criteria for Grading of Hepatic Encephalopathy

Grade Clinical Signs

I Trivial lack of awareness
Euphoria or anxiety
Shortened attention span
Impaired performance of addition

II Lethargy or apathy
Minimal disorientation to time or place
Subtle personality change
Inappropriate behavior
Impaired performance of subtraction

III Somnolence to semi-stupor but responsive to verbal stimuli
Gross disorientation

IV Coma (unresponsive to verbal or noxious stimuli)
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Table 18.2  Indications and Contraindications for Transjugular Intrahepatic Portosystemic Shunt Reduction

Indications Relative Contraindications*

Refractory post-TIPS hepatic encephalopathy (strong indication) Patient is candidate for liver transplant (can be bridge to transplant)

Post-TIPS hepatic insufficiency (weak indication; transplant is preferred) Patient cannot tolerate risk of rebleeding or recurrent ascites

*There are no absolute contraindications.
TIPS: transjugular intrahepatic portosystemic shunt.

A premanufactured reducing stent was made commercially 
available in Europe in the mid-1990s. Preloaded in a 7-Fr delivery 
sheath, the self-expanding nitinol Memotherm stent (Angiomed, 
Karlsruhe, Germany) expanded to a predesigned hourglass shape. 
Postdeployment angioplasty with 10-, 12-, or 14-mm balloons 
would enlarge the ends of the stent for fixation, and smaller 
balloons could be used to open the midportion of the reducing 
stent to either 4 or 6 mm. A polyethylene terephthalate (PET, or 
Dacron polyester) fiber net was woven through the interstices of 
the narrow portion of the stent to induce thrombosis of the space 
between the original and reducing shunts.

Results
Similar to all literature reporting TIPS modification procedures, 
the literature describing use of reducing stents is composed of 
case reports and small single-center series. However, probably 
because they allowed both a partial and more gradual elevation 
in portosystemic gradient (PSG), reducing stents were much less 
often associated with fatal hemodynamic complications, and 
TIPS reduction quickly replaced TIPS occlusion in the 1990s.14 
Haskal and Middlebrook17 reported their first stent immediately 
increased the patient’s PSG by 3 mm Hg, decreased shunt velocity 
by one third, and restored hepatopetal flow in portal branches as 
well as markedly reducing the patient’s HE. It remained patent 
through 8 months of follow-up. Results reported in small series 
describing other reducing stent techniques noted better success 
in treating patients with HE than those with more fulminant 
hepatic insufficiency.20,21 It was hypothesized that either the 
procedure itself or the maximum hemodynamic effect of shunt 
reduction took place too long after hepatic insufficiency ensued 
to reverse the cascade of hepatic necrosis. In contrast to their TIPS 
occlusion predecessors, there were no procedure-related compli-
cations described with these TIPS reduction techniques.
When stent-based TIPS reduction techniques were found inad-

equately to decrease flow, embolization of spaces between the 
reducing stents and original TIPS was advocated, either with an 
emulsion of iodized oil and hydroxylated corn protein derivative 
(Ethibloc; Ethicon, Norderstedt, Germany) or with coils.19,22

The investigators who initially described use of the Memo-
therm prefabricated reducing stent reported clinical response in 
4 of 7 patients.20 Subsequently, however, other researchers found 
clinical improvement in only 2 of 6 patients treated with the 
Memotherm stent. It is no longer commercially available.21

Modern Techniques: Reducing 
Stent Grafts
Several covered stents have become commercially available in the 
past decade, allowing development of a multitude of new TIPS 

reduction techniques. Roughly, these techniques can be catego-
rized into five categories, as follow.

Balloon-Expanded Stent Graft 
Sculpting Techniques
Quaretti et al first described use of a covered stent in TIPS reduc-
tion, making use of an extended polytetrafluoroethylene (ePTFE)–
covered balloon-expanded stainless steel stent (Jostent; Jomed, 
Rangendingen, Germany).23 The procedure requires deploying 
the stent graft on a sterile back table. A 48-mm-long Jostent, bal-
loon-expandable from 6 to 12 mm in diameter is tightly crimped 
onto a 12 × 40-mm balloon catheter (Opta; Cordis, Roden, The 
Netherlands), such that the balloon lies half within and half out-
side what will be the inferior third of the reducing stent graft 
(with the stent crimped only to the superior half of the balloon). 
The stent graft is then deployed through a 10-Fr-long sheath 
placed within the original TIPS by inflating the balloon where 
loaded in the inferior third of the stent graft, deflating the bal-
loon, repositioning it halfway within the superior third of the 
stent graft and reinflating, leaving the middle third of the covered 
stent at its factory minimum 6-mm diameter. Gastroesophageal 
varices were embolized with coils and 3% Polidocanol detergent 
sclerosant before reducing the shunt.
Another technique using covered Jostents for TIPS reduction 

was described by Fanelli et al using a 3-0 polyglactin suture tied 
around the midportion of a 10 × 40-mm balloon catheter (Wanda, 
Boston Scientific).24 The covered Jostent is then deployed on a 
back table, hand mounted on the balloon catheter, and advanced 
into the midportion of the TIPS via a 10-Fr jugular sheath. The 
balloon is insufflated to nominal pressure, deflated, and removed. 
A 5-mm balloon is then insufflated in the midportion of the newly 
deployed reducing stent graft. Larger balloons can be used as 
needed to achieve the desired hemodynamic response. ▶ Fig. 18.1 
illustrates this constraining suture concept.

Kroma et al25 described direct deployment of iCast stent grafts 
to reduce TIPS using either 10 × 38-mm or 10 × 59-mm devices. 
Intentionally incomplete insufflation of the factory-installed 
deployment balloon is used to create a centrally narrowed config-
uration of the iCast stent graft, conceptually outlined in ▶ Fig. 18.2. 
Serially larger angioplasty balloons were used in the midportion of 
the deployed iCast to decrease as needed the amount of shunt flow 
reduction. The authors emphasize that other ePTFE-covered bal-
loon-expanded stents may not expand with the same symmetry.

Results
Quaretti et al23 found both technical and clinical success interven-
ing in a patient developing liver failure 1 week after TIPS. The PSG 
increased from 10 to 25 cm H2O. Peak velocity in the reduced shunt 
increased from 130 to 195 cm/s, and flow in the shunt, as measured 
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Fig. 18.2  Incomplete iCast insufflation. An iCast polytetrafluoroethylene 
(PTFE)-covered balloon-expandable stainless steel stent graft is 
incompletely insufflated on its factory-mounted balloon catheter. 
Unlike as depicted in Fig. 18.1, there is no constraining suture or other 
constraining device used with this technique. The balloon catheter is 
removed, leaving the covered stent graft in place. This technique has 
been limited in vivo by cephalad migration of the reducing stent graft 
during withdrawal of its deployment balloon.

by Doppler, decreased from 2.6 to 1.8 L/min. Serum bilirubin 
fell from 23 to 3.5 mg/dL 7 days after reduction and 1.5 mg/dL 
at 7-month follow-up. There were no procedure-related com-
plications, and the patient remained free of recurrent bleeding 
through the follow-up period.

Fanelli et al24 claimed technical, hemodynamic, and clinical suc-
cess in all 12 patients described in their case series. They reported 
no difficulties with deployment and found a mean increase in 
PSG from 6.6 to 15.1 mm Hg. Doppler examinations performed 
1 day after reduction revealed an average decrease in velocity of 
shunt flow from 85 to 25 cm/s. To raise the PSG to desired levels, 
use of 5-mm balloons to angioplasty the center of the shunt was 
required in 2  of 12 cases, but most patients (9 of 12) required 
6-mm angioplasty, and one required balloon expansion to 7 mm. 
Mean serum ammonia levels decreased from 168 to 73 mcg per 
100 mL. Although not directly reported, mean pre- and post-TIPS 
reduction West Haven HE grade calculated from the data pre-
sented in their report declined from 2.9 to 0.4. Similarly calculated 
mean serum bilirubin level was 1.9 mg/dL before and 1.6 mg/dL 
after TIPS reduction. Mean model for end-stage liver disease 
(MELD) scores were 13 before and 12 after reduction. No analysis 
was performed of correlation between these values and survival 
or between other variables on which data were collected and 
outcomes, including Child-Pugh class, age, or indication for the 

original TIPS, although the raw data themselves were presented. 
The authors reported that at 1-year follow-up, 6 patients were 
alive and well, 4 had died of cardiac or multiorgan failure (2 dur-
ing the first 30 days after reduction), 1 received a liver transplant 
and did well, and 2 were lost to follow-up. Although they did not 
report prereduction embolization of gastroesophageal varices, 
the group also did not report rebleeding during follow-up.

Kroma et al25 reported technical difficulty in deploying each of 
the 4 iCast PTFE-covered reducing stents in the series describing 
their technique of partial factory-mounted i-Cast balloon insuf-
flation to achieve a narrow, reducing waist. Each reducing stent 
graft was inadvertently partially withdrawn on removal of its 
deploying balloon, the authors suspected, because of friction of 
the balloon on the narrow, incompletely deployed portion of the 
reducing stent graft and lack of sufficient friction between the 
more completely deployed ends of the reducing stent graft. In 
3 of 4 cases, the ends of the iCast were more completely apposed 
to the walls of the original TIPS using a separate 6-mm-diameter 
balloon. In one case, despite this additional maneuver, the iCast 
stent graft moved cephalad on withdrawal of the access sheath, 
so a bare-metal 10 × 26-mm balloon-expanded stent (Lifestent; 
Edwards Lifesciences, Irvine, CA) was deployed, overlapping the 
cephalad edge of the iCast as an anchor. The authors measured 
final PSG but used angiographic demonstration of return of min-
imal antegrade portal branch flow as their determinant of suf-
ficiency of TIPS flow reduction. Coil embolization of recurrent 
flow within large gastric varices was performed as needed in one 
case. A mean increase of PSG of 8 mm Hg (59%) was noted. Serum 
ammonia levels changed from a mean of 60 to a mean of 51 in 
the three subjects for whom it was calculated. Bilirubin changed 
from 26 to 18. Mean MELD scores were 24 both before and after 
the reducing procedures. HE grades were 1.8 before and 2.2 after 
the reduction procedures in this small series. Mean survival time 
after TIPS reduction was 148 days when including 1 patient who 
received a transplant and 68 days excluding that patient. None of 
the deaths was found to be procedure related.

Purse-String Suture–Mediated 
Reduction Technique
Madoff et al26 described the first TIPS reduction to make use of a 
Wallgraft (Boston Scientific, Natick, MA), a PET-covered Wallstent. 
In their permutation of the reducing stent technique, either a 
10- or 12-mm-diameter Wallgraft is fully deployed on a sterile 
back table. A 6- or 8-mm angioplasty balloon or corresponding 
dilator is used to appropriately size the narrow portion of the 
stent graft, which is then constrained with a purse-string 3-0 silk 
suture woven between the graft’s interstices approximately one-
third the distance from its leading end. A scalpel may be used to 
cut the covering from the trailing half of the Wallgraft so as to 
prevent inadvertent occlusion of the hepatic vein. The modified 
Wallgraft is then loaded into the tip of a long 9- or 10-Fr sheath 
and deployed within the TIPS shunt by unsheathing the reducing 
stent graft while pinning it in place using the sheath’s dilator with 
its tip cut off to serve as a pusher. Variations of the technique were 
subsequently described by several groups, one of which described 
coil embolization of a large esophageal varix before shunt reduc-
tion.27,28 An illustration of a reducing stent graft deployed using 
this type of technique is illustrated in ▶ Fig. 18.3. An example of 
such a reducing stent graft seen in vivo is shown in ▶ Fig. 18.4.

Fig. 18.1  Suture-constrained deployment balloon technique. A Jostent 
stainless steel balloon-expandable polytetrafluoroethylene (PTFE)-
covered stent graft has been removed from its factory-mounted balloon 
and a suture tied around the midportion of another balloon. The 
balloon has been insufflated on a back table to illustrate this constraint. 
The stent graft, having been hand crimped to the deflated, sutured 
balloon, is then deployed by insufflating and again deflating the balloon. 
The suture-constrained balloon has been removed from the ex vivo–
deployed reducing stent graft in this diagram.
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thrombocytopenic purpura. Although no mechanism of death 
was described, the authors speculated that HE might have been 
at least partly a manifestation of the comorbid condition rather 
than or in addition to HE. None of the three patients receiving 
TIPS for variceal bleeding experienced rebleeding after reduction. 
Although no periprocedural complications occurred, 1  patient 
developed recurrent large volume ascites 2 months after TIPS 
reduction and was found to have shunt occlusion. This patient 
was treated with mechanical thrombectomy (Angiojet; Possis, 
Minneapolis, MN and Arrow-Trerotola; Arrow International, 
Reading, PA) followed by angioplasty of the shunt to 10 mm. 
HE did not return. Another patient developed recurrent HE at 
6 months, which was treated with a second purse-string–con-
strained Wallgraft reduction. Two months later, this patient 
experienced an episode of melena with significant blood loss. 
Although no varices were seen endoscopically, shunt occlusion 
was seen on Doppler interrogation. Given prior studies of Wall-
grafts for TIPS in animal models, it was hypothesized that the PET 
polymer might have played a prothrombotic role in the patients 
with poor outcomes.29–31

In their case report, Cox et al27 showed technical and hemo
dynamic success, with an increase in the PSG from 1 to 7 mm Hg. 

They claimed significant improvement in HE and shunt patency 
by Doppler follow-up at 11 months after reduction. The case 
report by Clarke et al28 documented technical, hemodynamic, and 
clinical success as uncomplicated deployment, increase in PSG 
from 7 to 12 mm Hg, and resolution of HE at 3 months’ follow-up.

Coaxial Constraining Stent-Over-Stent-Graft 
Technique
Jacquier et al32 adapted the technique of a constricting stent using 
a Wallgraft in lieu of the originally described Wallstent and a 
smaller, balloon-expanded Uni Wallstent in place of the originally 
described constraining Palmaz stent (▶ Fig. 18.5). This technique 
uses a 10- or 11-Fr-long sheath via jugular access and crosses 
the TIPS with an Amplatz wire (Cook Medical, Bloomington, 
IN). A 6 ×  20-mm Uni Wallstent (Boston Scientific, Natick, MA) 
is deployed in the inferior aspect of the TIPS and is pinned to the 

Fig. 18.3  Purse-string technique. Diagram of a purse-string–reducing 
stent graft technique. A Wallgraft (polyethylene terephthalate [PET]-
covered Wallstent) with a purse-string suture constricting its midportion 
is deployed within the original transjugular intrahepatic portosystemic 
shunt (TIPS). The narrow midportion of the Wallgraft reduces flow 
through the shunt. There is no need for adjunctive coil or other 
embolization of the dead space between the Wallgraft and the original 
TIPS.

Fig. 18.4  Purse-string suture technique. (a) Prereduction angiogram demonstrating wide patency of existing shunt. The shunt is composed of two 
overlapping VIATORR stent grafts connecting the right hepatic and a branch of the right portal. There is no flow demonstrated in other portal branches. 
(b) Postreduction angiogram demonstrating restoration of antegrade flow in the main portal branches and narrowing of the diameter of the transjugular 
intrahepatic portosystemic shunt. (c) Postreduction radiograph demonstrating the constrained Wallgraft within the hepatic parenchymal portion of the 
original VIATORR.

Results
Madoff et al26 achieved technical and hemodynamic success in 
all 6 patients, with a mean increase of PSG from 8.3 to 17.6 mm 
Hg. Five of 6 patients had reduction in HE within 72 hours. One 
patient who did not respond clinically and died within 30 days 
of the reduction procedure was known also to have thrombotic 
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Fig. 18.5  Coaxial stents technique. 
(a) A 6-mm Uni Wallstent is deployed 
over an Amplatz wire in the caudal 
third of the original transjugular 
intrahepatic portosystemic shunt 
and its deployment balloon catheter 
removed. (b) A Wallgraft is then 
inserted over the same wire through 
the Uni Wallstent. (c) The Wallgraft 
is then deployed until just before 
the “point of no return,” and the 
entire system is pulled back, ensuring 
appropriate alignment of the reducing 
stent graft system. (d) The remainder 
of the Wallgraft is deployed, its 
midportion constricted by the coaxial 
balloon-expanded Uni Wallstent.

wall of the TIPS by the tension in the Amplatz wire within the 
curved original TIPS, preventing cephalad migration. The Uni 
Wallstent is itself then canalized in vivo over the Amplatz wire 
by a 10 × 50-mm Wallgraft until the Uni Wallstent lies around the 
midportion of the Wallgraft. The caudal 2 cm of the Wallgraft are 
then deployed, and the entire system is pulled back until the end 
of the Wallgraft lines up with the end of the hepatic parenchy-
mal tract of the original TIPS. The Wallgraft is then completely 
deployed and its caudal and cephalad aspects angioplastied with 
a 10-mm balloon.
A permutation of this technique was reported by Weintraub 

et al33 using a 4-cm-long iCast PTFE-coated stainless steel 
balloon-expanded stent graft (Atrium Medical, Hudson, NH) to 
constrain a 10 × 94-mm Wallstent. On a back table, the tip of a 
10-Fr TIPS sheath (Cook Medical) is cut off approximately half-
way along its taper to allow room for delivery of the hybrid 
Wallstent-iCast system. The Wallstent delivery system is loaded 
through the sheath and partially deployed (to the limit marker 
band). The iCast stent graft is loaded onto the midportion of the 
closed Wallstent and hand crimped onto the Wallstent. The tip 
of the Wallstent delivery system is then also cut off to prevent 
the system from catching during delivery, and the entire sys-
tem is pulled back into the 10-Fr sheath. TIPS access is secured 
with a 12-Fr sheath and an Amplatz wire. The 10-Fr sheath and 
preloaded reducing stent graft assembly is passed through the 

12-Fr sheath into position inside the TIPS and the 10-Fr sheath 
is withdrawn, deploying the majority of the Wallstent-iCast graft 
system. After ensuring appropriate placement, the remainder of 
the Wallstent is deployed in standard fashion. A 4 × 40-mm bal-
loon is then insufflated within the iCast stent graft, and the ends 
of the graft are flared to 8 mm with another balloon to appose the 
ends of the iCast graft to the walls of the original TIPS. Larger bal-
loons may be used to widen the waist of the iCast-covered stent.

Results
Jacquier et al32 noted technical, hemodynamic, and clinical suc-
cess in all patients, with 0% 30-day periprocedural morbidity. One 
patient had episodes of upper gastrointestinal (GI) bleeding at 
3 and 9 months after reduction and was found angiographically 
to have pseudointimal hyperplasia of the narrowed Wallgraft. 
Another patient died 16 months after reduction from severe liver 
failure; 2 months before death, he was found to have TIPS occlu-
sion. A correlation between the Dacron graft material covering 
the Wallgraft and shunt thrombosis was suspected. Although 
not reported in this series, others have criticized this technique 
as also posing a significant, if theoretical, risk of intraprocedural 
stent migration.30

In their case report, Weintraub et al33 described technical and 
hemodynamic success, with a PSG increase from 1 to 28 mm Hg 
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and a postreduction angiogram demonstrating antegrade flow in 
portal vein branches. A positive clinical response was reported 
but not quantified; however, the patient experienced an episode 
of hematemesis several weeks later and died shortly thereafter of 
cardiac arrest.

Parallel Constraining Stent and Stent 
Graft Technique
In 2004, Saket et al34 published the initial use of parallel stents 
to reduce a TIPS. Included with their report of 5 TIPS reduction 
cases using 5 distinct techniques, these investigators described 
the first side-by-side placement of a stent and stent graft inside 
a TIPS to reduce flow. An esophageal varix and splenorenal shunt 
were coil-embolized before shunt reduction. With this technique, 
a long 10-Fr sheath and 2 guidewires are used to gain access 
through the TIPS. A 10 × 50-mm Viabahn ePTFE-covered self-
expanding nitinol stent graft (W.L. Gore & Associates, Flagstaff, 
AZ) is deployed within the TIPS over one wire. A 7-Fr-long sheath 
is then advanced coaxially through the 10-Fr sheath and used 
to deliver a 6 × 37-mm balloon-expanded Express stent (Boston 
Scientific). The 7-Fr sheath is partially withdrawn, and the 
balloon-expanded stent is deployed adjacent the superior aspect 
of the Viabahn, externally compressing and narrowing the more 
compliant stent graft. Six- and 8-mm-diameter balloons are then 
insufflated within the Express stent and the Viabahn stent graft, 
respectively, to achieve an appropriate PSG. The authors point 
out that flow within the reduced TIPS can be further reduced or 
increased by subsequent balloon angioplasty of either the Express 
or Viabahn stents, respectively.

Holden et al35 later reduced a TIPS with a 10-mm-diameter 
VIATORR stent graft (W.L. Gore & Associates, Flagstaff, AZ) via 
a 10-Fr-long sheath and a 5 × 12-mm Palmaz Genesis balloon-
expanded stent (Cordis, Miami Lakes, FL) through a 6-Fr-long 
sheath, each sheath being positioned within the original TIPS 
from a separate jugular access. ▶ Fig. 18.6 illustrates this parallel 
reduction technique.

Maleux et al36 described a variation of the parallel technique 
using access gained from jugular and femoral veins, with 10-Fr and 
flexible 8-Fr-long sheaths placed over Amplatz wires into the TIPS 
from jugular and femoral approaches, respectively. A 6 × 17-mm 
balloon-expanded stent (Express Vascular LD, Boston Scientific) 
is then positioned in the midportion of the original TIPS from 
the femoral approach. A 10-mm-diameter VIATORR stent graft 
is then positioned in the TIPS from the jugular approach such 
that its ends exactly overlap the ends of the original TIPS shunt. 
The balloon-expanded stent is then deployed and its balloon left 
insufflated while the parallel VIATORR stent graft is deployed 
using standard technique. The balloon is then deflated and care-
fully removed, leaving both newly deployed stents in place, side 
by side within the original shunt. Embolization was performed of 
esophagogastric varices visualized on postreduction angiography 
in 4 patients.

Sze et al37 later reported refinement of the original parallel 
stent technique in which placement of the balloon-expanded 
stent at the cephalad end of the TIPS rather than in the middle to 
allow for not only intraprocedural but future access to this stent if 
additional shunt narrowing is desired. With this method, the self-
expanding stent graft component is deployed first, and a sheath 
is not used in deployment of the balloon-expanded stent unless 
it is inadvertently passed beyond the caudal edge of the already 
deployed stent graft and needs to be pulled back without catch-
ing. Four of 6 reductions in the series published with report of the 
modified technique make use of 10 × 50-mm Wallgrafts alongside 
bare-metal stents, 1 used a VIATORR, and 1 used a Viabahn.

Results
Saket et al34 reported technical and hemodynamic success, with 
an increase in the PSG from 12 to 20 mm Hg and an increase of 
the maximum flow velocity in the shunt from 178 to 218 cm/s 
measured by Doppler ultrasonography. There were no periproce-
dural complications. They measured a decrease in plasma ammo-
nia from 57 to 45 μmol/L, a decrease in serum bilirubin from 
12.6 to 4.9 mg/dL, a decrease in the MELD score from 18 to 14, 

Fig. 18.6  Parallel stent and stent graft technique. (a) Via separate jugular punctures, a 6-Fr-long sheath containing a 5-mm-diameter balloon-
expandable stent is passed alongside a 10-Fr-long sheath containing a 10-mm-diameter VIATORR stent graft within the original transjugular intrahepatic 
portosystemic shunt. (b) The 6-Fr sheath has been removed and the balloon-expanded stent deployed. The balloon remains insufflated. The VIATOR 
stent graft used for reduction has been partially deployed by unsheathing. (c) The reduction procedure complete; the reducing VIATORR stent graft is 
constrained in its midportion by the balloon-expanded stent.
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and a decrease in West Haven HE grade from 3 to 1. The patient 
survived to receive a liver transplant and was alive at follow-up 
2 months after reduction.

Holden et al35 reported an increase of PSG from 4 to 10 mm Hg 
in their case report using the parallel technique without tech-
nical difficulty or immediate periprocedure complication. They 
reported increased velocity in the narrowed segment of the 
reduced TIPS by Doppler and clinically improved HE without 
reaccumulation of ascites (which had been the indication for TIPS 
placement); however, hepatic function continued to deteriorate, 
and the patient died 4 weeks after reduction of multiorgan failure.

In their report of 15 patients receiving new parallel TIPS reduc-
tion procedures and 2 patients receiving parallel TIPS reduction 
for failed primary reduction procedures, Maleux et al36 docu-
mented technical success in all patients and a mean increase of 
the PSG from 6.3 to 11.9 mm Hg in the 15 primary reduction 
patients. There was reopacification of intrahepatic portal vein 
branches in postreduction angiograms for 12 patients. Resolved 
or decreased symptoms of HE were found in 13 patients. Four 
patients demonstrated no improvement at all, and each died 
shortly after shunt reduction. None of the patients who failed 
to improve clinically had restoration of hepatopetal portal  
vein branch flow seen angiographically despite increases in PSG. 
Although they could not prove statistical significance, the authors 
thought that angiographic restoration of hepatopetal flow was a 
better prognostic indicator of clinical response to shunt reduction 
than increase in the PSG. The investigators reported a 6-month 
mortality rate of 41%, with 3 deaths from multiorgan failure, 3 of 
septicemia thought to be unrelated to the TIPS interventions, 
and 1 of complications of end-stage lymphoma. They speculated 
that the high mortality rate seen in this series reflected the poor 
general condition of the TIPS reduction patient population. There 
were 3 occlusions documented in this series, 1 occurring during 
1 of 3 repeat shunt reduction procedures and the other 2 found 
after recurrence of large-volume ascites and hepatic hydrothorax. 
All were treated by endovascular means.

Sze et al37 in a series of 6 patients receiving parallel reduction 
with a variety of stents, stent lengths and stent grafts reported 
technical and hemodynamic success in all patients, the latter 
being defined as reestablishment of hepatopetal flow in portal 
vein branches. The mean PSG increase was from 9 to 17 mm Hg. 
There were no rebleeds in patients who had received TIPS for rup-
tured esophagogastric varices. (All patients with this indication 
for TIPS received embolization or sclerosis of the varices at the 
time of reduction.) None of 3 patients having received TIPS for 
refractory large-volume fluid accumulation required reinterven-
tion for this indication. One patient died within 30 days of the 
reduction procedure from multiorgan failure complicating small 
bowel obstruction. Three other patients died within 3 months of 
TIPS reduction, 1 each from liver failure, sepsis, and intracranial 
hemorrhage after a fall. Mean West Haven HE grade decreased 
from 3.0 to 0.8. Patients getting reduction procedures for HE did 
better than patients needing reduction for hepatic insufficiency. 
One patient died after 9 months from heart failure. The last 
patient received a liver transplant 6 months after reduction and 
was alive and well at 4-year follow-up.

In the same publication, Sze et al also studied various paral-
lel reducing stent grafts ex vivo and noted the only stent graft 
to preserve an oval cross-section alongside a balloon-expanded 
constraining stent was the Wallgraft. They further showed that 

the Wallgraft’s original oval cross-section was better preserved 
when deployed after the balloon-expanded stent, not before it. 
The ePTFE-covered stents all assumed concave, crescent configu-
rations alongside the balloon-expanded stents. The authors argue 
in favor of using Wallgrafts for reductions due to their better pre-
served oval cross-sectional configuration and because of more 
reliable and significant reductions in flow with easier subsequent 
wire access, should that be required. They speculated that use of 
ePTFE-lined VIATORR stent grafts in creation of the original TIPS 
in this small series shielded their reducing Wallgrafts from the 
pseudointimal hyperplasia that may be associated with throm-
bosis of Wallgrafts as primary TIPS and in reductions of primary 
Wallgraft TIPS.

In 2010, Cookson et al38 described a slightly modified version of 
the parallel technique using Palmaz Blue and Genesis balloon-ex-
panded stents (Cordis, Warren, NJ). Technical and hemodynamic 
success was achieved in all 8 patients, with a mean PSG rise from 
4.9 to 10.5 mm Hg after reduction. Increased portal branch opaci-
fication was seen in postreduction angiograms in 3 patients, but 
there was no correlation appreciated between antegrade portal 
branch flow or degree of PSG increase and reduction in grade 
of HE. Gastroesophageal varices were visible in 1 patient before 
reduction but were not embolized. The mean HE grade decreased 
from 2.6 to 1.5, and HE improved or resolved in 5 of 8 patients. 
No adverse events occurred in these 5 patients, with a mean 
follow-up duration of 4.5 months. Three patients’ HE did not 
improve. These same 3 patients also had episodes of recurrent GI 
hemorrhage. Two of 3 died, 1 of renal failure and 1 of hepatorenal 
syndrome.

Lasso Technique
Monnin-Bares et al39 described a “lasso” technique of customized 
reducing stent graft placement (▶ Fig. 18.7). The lasso catheter 
is assembled on a back table using a 0.021-in guidewire folded 
on itself and loaded into a 6-Fr guide catheter. Over a stiff 0.035-
in wire placed through a 12-Fr sheath inserted in the jugular, a 
10 × 40-mm, 10 × 50-mm or 10 × 60-mm ePTFE-covered balloon-
expandable stent graft (Advanta V12; Atrium Medical, Hudson, 
NH) is positioned within the TIPS with its inferior half inserted 
through the open lasso. The covered stent and lasso system are 
then centered within the covered portion of the TIPS and the 
balloon-expanded stent graft deployed. The lasso is tightened 
around the covered stent with the deployment balloon of the 
balloon-expanded stent still inflated. The back end of an Amp-
latz wire is advanced internally to the end of the lasso catheter 
to provide support while the balloon is deflated and withdrawn 
to the cephalad end of the newly deployed stent. Angioplasty is 
performed to fix the new stent in place before further withdraw-
ing the balloon. The PSG can be increased by tightening the lasso 
around the covered stent or further reduced by reintroducing and 
insufflating a balloon in the midportion of the covered stent. Upon 
final withdrawal of the lasso catheter, a balloon is again insufflated 
in the superior aspect of the covered stent to prevent migration 
from the lasso catching on the outside of the reduced stent graft.

Results
Technical and hemodynamic success was seen in all 5 patients, 
with a mean PSG increasing from 4.0 to 14.4 mm Hg and 
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Fig. 18.7  Lasso technique. (a) In the first step of the lasso catheter–reducing stent graft technique described by Monnin-Bares et al,39 a 10-mm-diameter 
Advanta V12 polytetrafluoroethylene (PTFE)-covered balloon-expandable stent is passed through the loop of a homemade lasso catheter lying alongside 
it inside the transjugular intrahepatic portosystemic shunt to be reduced. The inset here shows a magnified view of the lasso–catheter assembly in which 
the back end of a stiff 0.035-in wire provides support to a 6-Fr guide catheter. A 0.021-in guidewire has been folded in half and both ends fed backward 
through the guide catheter on a sterile back table, creating an adjustable snare or lasso with which to control the size of the waist on the reducing 
Advanta stent graft. (b) The stent graft has been deployed by insufflating its factory-mounted balloon. The ends of the 0.021-in wire have been pulled 
back through the guide catheter, closing the lasso and constricting the midportion of the stainless steel stent graft to a desired diameter. (c) The lasso 
is maintained in position around the stent graft while the balloon is deflated and pulled back into the cephalad aspect of the newly deployed Advanta 
covered stent. The balloon is then reinflated in the cephalad aspect of the stent graft to ensure full apposition to the original transjugular intrahepatic 
portosystemic shunt. The balloon is left inflated here while the lasso is opened, and the lasso–catheter system withdrawn over the newly deployed 
reducing stent graft (arrow). (d) The balloon is again deflated and withdrawn (not shown), leaving the reducing stent graft in place.
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absolute increases in gradients were about half that in the reduc-
ing stent group compared with the stent graft reduction group. 
HE improved in 8 of 10 stent graft TIPS reduction patients but 
in only 2 of 6 patients treated with the reducing stents. Two of 
4 patients treated with Optimed polyurethane-covered stents 
were treated for recurrence of pre-TIPS symptoms. One of these 
2 patients was found angiographically to have severe stenosis of 
the reduced shunt; the other had occlusion, leading the authors to 
suggest superior patency of PTFE over polyurethane. Two patients 
in each of the VIATORR ePTFE-covered stent group needed addi-
tional reduction procedures performed. The authors speculated 
that a lower increase in PSG and uncertainty as to thrombosis of 
the space between reducing stent and original TIPS were likely 
causes of a significantly worse response in patients receiving the 
Memotherm. They pointed out that very little data existed on the 
efficacy of adjunctive “dead-space” embolization procedures.

Conclusion
Development or worsening of HE is a common complication of 
TIPS creation. Most patients with post-TIPS HE respond well to 
medical management, but a significant minority require endovas-
cular intervention. TIPS reduction, originally performed with bare 
stents, seeks to reduce but not eliminate flow within TIPS shunts 
so as to prevent the sudden and profound hemodynamic shifts and 
mortality associated with intentional complete TIPS occlusion.

The advent of commercially available stent grafts beginning 
around the year 2000 has led to many new techniques that allow 
more immediate, effective, and precise TIPS flow reduction, with 
improved clinical outcomes. ▶ Table 18.3 highlights the relative 
advantages and disadvantages of the dominant contemporary 
TIPS reduction techniques.
Although the patient population requiring TIPS reductions is 

small and the literature is composed mostly of case reports and 
small case series, trends can be noted. These are detailed in the 
Clinical Pearls section at the end of the chapter. The majority of 
patients with post-TIPS HE but stable liver function experience 
substantial or complete recovery after TIPS reduction with one 
of these modern techniques. In the stent graft era, HE that does 

restoration of antegrade flow in portal vein branches in all 
patients after reduction with their lasso technique.39 There was 
immediate, complete resolution of HE in 4 of 5 patients. The fifth 
patient showed initial partial improvement but then experienced 
deterioration in mentation and overall clinical status and died 
1 week after reduction. One patient developed recurrent large-
volume ascites and hydrothorax 8 months after reduction and 
found to have shunt occlusion and was treated with endovascular 
recanalization and angioplasty. Another patient developed recur-
rent ascites and pleural effusion but was found to have a patent 
shunt. The last 2 patients were free of adverse events, with a 
mean follow-up of 8 months after reduction. There was no men-
tion of whether adjunctive variceal embolization was performed 
in the 1 patient who had received TIPS for GI hemorrhage.

Other Transjugular Intrahepatic 
Portosystemic Shunt Reduction Studies, 
Products, and Techniques
Kochar et al14 reviewed outcomes related to 38 TIPS modifications; 
however, interpretation of their results is difficult because 75% 
of the modifications were occlusions and 6 of 9 reductions were 
with Memotherm reducing stents (3 were with “other devices”). 
Technical success was not reported. Hemodynamic failure was 
confirmed with Doppler studies when there was lack of clinical 
response. The study highlighted a high periprocedure complica-
tion rate associated with occlusion techniques and a strong direct 
correlation between clinical response to reduction treatment and 
survival.
Maleux et al21 reported 16 patients with refractory HE treated 

with a variety of reducing techniques, including 6 Memotherm 
reducing stents; 4 self-expanding factory-shaped hourglass,  
polyurethane-covered stent grafts (Optimed, Ettlingen, Germany);  
and 6 VIATORR stent grafts constrained coaxially within Memo-
therm reducing stents. There were no immediate periproce-
dural complications. The authors reported no technical failures 
or difficulties with deployment. PSGs were approximately dou-
bled on average for patients receiving both reducing stents and 
reducing stent grafts, although the absolute initial gradients and 

Table 18.3  Pros and Cons of Types of Transjugular Intrahepatic Portosystemic Shunt Reduction Procedures

Procedure Type Pros Cons

“Sculpting” of balloon-
expanded stent grafts

Less instrumentation
Less costly
Allows for serial dilation of reducing waist

Some versions of technique liable to stent graft migration
Cannot reconstrict waist

Purse-string suture constraint 
of Wallgraft

Straightforward, reliable deployment Fixed diameter of reducing waist
Reports of Wallgraft-related TIPS thrombosis (possibly less 

frequent if original TIPS is PTFE lined)

Coaxial stent-constrained 
Wallgrafts

Serial dilatation of reducing waist Some techniques theoretically liable to intraprocedural stent 
migration

Cannot reconstrict waist
Reports of Wallgraft-related TIPS thrombosis

Parallel stent and reducing stent 
graft deployment

Allows for easy intraprocedural and subsequent 
increase or decrease in TIPS diameter

Technically more complex

Parallel lasso catheter and stent 
graft

Allows easy intraprocedural increase or 
decrease in TIPS diameter

Does not allow for easy subsequent reduction of TIPS diameter
Technically more complex

PTFE: polytetrafluoroethylene; TIPS: transjugular intrahepatic portosystemic shunt.

IRBK003-CH18_p156-166.indd   164 31/05/17   9:54 PM



Chapter 18: Transjugular Intrahepatic Portosystemic Shunt Reduction for Post-TIPS Hepatic Encephalopathy

165

not improve after shunt reduction, similar to post-TIPS fulminant 
liver failure, is associated with a poor prognosis.

Clinical Pearls
•	 Most post-TIPS encephalopathy can be treated medically.
•	 Literature describing the efficacy of various TIPS-reducing 
techniques and their efficacy is composed of case series and 
case reports.

•	 TIPS reduction has replaced TIPS occlusion because of sudden, 
often fatal hemodynamic changes associated with the latter 
technique.

•	 Covered stents have replaced bare-metal stents for TIPS 
reduction because of their immediate and more predictable 
ability to decrease flow.

•	 TIPS reduction with covered stents is highly effective in the 
treatment of medicine-refractory hepatic encephalopathy.

•	 There are many different TIPS reduction techniques, each 
possessing individual risks and benefits. Dominant techniques 
tend to fall into 5 broad categories: stent-in-a-stent coaxially 
constrained stent grafts; purse-string–constrained stent-
grafts; parallel-constrained stent grafts; balloon-expanded, 
“sculpted” single ePTFE-covered reducing stent grafts; and the 
lasso catheter–constrained stent grafts.

•	 Several reports have linked reduction with polyurethane- or 
-covered stents (Wallgrafts) and TIPS occlusion from pseudo-
intimal hyperplasia. One recent study, however, suggests that 
reducing Wallgrafts may be safely used if a PTFE-covered stent 
was placed as the original TIPS.

•	 Partial insufflation of ePTFE-covered balloon-expanded stent 
grafts on their factory-mounted balloons as stand-alone reduc-
tion devices appears to carry a high risk of device migration.

•	 Angiographic reappearance of hepatopetal flow in portal vein 
branches may be a better indicator of clinical response to TIPS 
reduction than absolute or relative increases in portosystemic 
pressure gradients.

•	 Embolization of gastroesophageal varices at the time of TIPS 
reduction is advised and is routinely performed by a majority 
of authors. An increase in portosystemic gradient post-TIPS 
reduction to greater than 12 mm Hg is often necessary but 
is unlikely to result in recurrent variceal bleeding, possibly 
because of frequent use of adjunctive varix embolization 
during the reduction procedure.

•	 Lack of improvement in encephalopathy has been correlated 
with poor survival after TIPS reduction.

•	 Unlike encephalopathy, liver failure after TIPS may not 
respond to reduction procedures. Although many patients 
are not candidates, liver transplant remains the only effective 
long-term treatment of post-TIPS hepatic insufficiency. TIPS 
reduction may potentially serve as a bridge to transplant in 
this severely ill patient population with otherwise uniformly 
poor outcomes.
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Introduction
Twenty years elapsed between the original animal description 
of the transjugular intrahepatic portosystemic shunt (TIPS) in 
1969 and the first human case. Those early human shunts were 
created with balloon expandable Palmaz stents, later moving 
to self-expanding stents. In 1992, the Wallstent became the 
first FDA-approved device for TIPS; thousands of patients were 
treated thereafter as the procedure became widely dissemi-
nated.1–9 With these cases came increasing reports documenting 
frequent TIPS stenoses and occlusions, developing in as many as 
25% to 50% of patients within 6 months of shunt creation.3,10–13 
This shunt dysfunction was associated with recurrent variceal 
bleeding, affecting 9.8% to 24% of patients in controlled trials.14–21 
Extensive literature developed, validating sonographic means of 
follow-up, the need for follow-up programs and repeated shunt 
revisions.22–28 The patency question clouded the wider application 
of TIPS, particularly in ‘healthier’ Childs A patients.

These issues spurred a decade of investigations into both char-
acterizing the histopathologic processes causing stenoses and 
solving them. Approaches included anticoagulation and antiplate-
let regimens, radiation, and brachytherapy.29–34 In the late1990’s, 
both animal and human feasibility studies described marked 
patency improvements in TIPS lined with expanded polytetra-
flouoroethylene (ePTFE).35–39 These led to commercial develop-
ment of an FDA-approved TIPS ePTFE endograft, the VIATORR (W. 
L. Gore & Associates, Flagstaff, AZ). With this, most TIPS patency 
issues were resolved, and TIPS research turned increasingly to 
reassessment of prior clinical outcomes, with covered stents. 
Shunt creation for portal hypertension remains the mainstay 
treatment, with reduced mortality, morbidity, and hospitaliza-
tion secondary to their creation in many patients electively rather 

than emergently.40,41 This chapter reviews this history, as well as 
the current state of TIPS patency in the era of covered stents. 

Histopathology of Shunt Stenosis 
LaBerge et al reported the first human histology of seven TIPS 
explants in 1991.42 Within a week of TIPS creation, metal stent 
wires were shown pressing back the surrounding liver tract, lined 
with clot and fibrin. By 3 weeks, pseudointimal tissue composed 
of myofibroblasts grew from the surrounding liver, enveloping the 
stents. By 3 months, dense collagen layers lined the lumina of the 
TIPS, with shunt stenoses (▶ Fig. 19.1). Subsequent post mortem 
and transplant donors further confirmed these findings.42–46 This 
pseudo-endothelium appeared to be derived from the liver paren-
chyma (rather than dropout endothelialization).47 In contrast, TIPS 
lined with stent-grafts only develop a thin pseudo-endothelium 
(▶ Fig. 19.2).

The outflow hepatic vein represents a second site of distinct 
shunt stenosis (▶ Fig. 19.3). After TIPS formation, its caliber has 
been shown to reduce to half its original diameter.3 These sten-
oses appeared as early as 90 to 180 days after initial shunt place-
ment (▶ Fig. 19.4). This intimal hyperplasia appears similar to that 
seen in other veins or anastomoses, as with dialysis graft venous 
stenoses or other surgical vascular anastomoses.10,48,49

A third, unique cause of TIPS failure is the biliary-to-TIPS fis-
tula. As part of creating the shunt, biliary structures can be nat-
urally traversed. In some cases, a sufficiently large bile duct may 
be punctured in close proximity to the eventual TIPS tract, allow-
ing bile leakage into the tract. The thrombotic effect of bile can 
lead to recurring shunt occlusion within hours after creation.50 
The phenomenon is unique to bare stents. The inhibitory effect of 

Fig. 19.1  Human explant specimen 9 months after TIPS creation using 
a Wallstent demonstrates a thick layer of fibroblasts that has grown 
through the stent wires, narrowing the shunt lumen. (Reprinted with 
permission of the SIR.)

Fig. 19.2  Photograph of a gross specimen with a VIATORR-lined TIPS. 
This 14-month explant post liver transplant demonstrates only a thin 
white pseudo-endothelium (asterisk) lining parts of the stent, with no 
tract thrombus or stenosis.
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bile on smooth muscle cells formation prevents the gradual pseu-
doendothelial proliferation that encompasses the bare stent’s 
wires and leads to “TIPS healing.”51,52 This issue was resolved with 
ePTFE TIPS endografts that were designed to be relatively bile 
impermeable due to an outer fluoroethylene polymer wrap. 

Medical Approaches to Inhibit 
Shunt Stenosis
Adjunct medical therapy has been studied for its potential to 
reduce TIPS occlusion in bare stent shunts. In a randomized trial 
of 49 TIPS patients treated for acute and subacute variceal hem-
orrhage, there were no shunt occlusions in the anticoagulation 
group compared with the control group, which had 5 shunt occlu-
sions within the first 3 months.29 The role of biliary leaks was not 
described. Subsequent follow-up demonstrated no significant 
difference in shunt dysfunction between the treated and control 
groups. Further, the routine use of anticoagulation in patients 
treated for variceal hemorrhage can create therapeutic dilemmas. 
Ultimately, anticoagulation has, in the stent graft era, little role 
in TIPS, with the exception of patients requiring anticoagulation 
because of underlying hypercoagulable syndromes. The majority 
of these patients are ones treated for Budd-Chiari syndrome or 
noncirrhotic patients treated for acute porto-spleno-mesenteric 
thrombosis. 

In another trial, Siegerstetter et al randomized 84 patients to 
antiplatelet-derived growth factors and anti-aggregation agents 
vs. controls.30 While they reported some evidence of reduced 
hepatic outflow vein stenosis in the experimental group, the ther-
apy has not found widespread approval, partly presumably due to 
the development of endografts, the lack of widespread availabil-
ity of some of the agents tested, and reluctance to expose patients 
with prior bleeding to prolonged clotting times.

The Development of TIPS 
Endografts 
Animal Studies
The search for an alternative to the bare metal stent for lining the 
TIPS tract began with animal TIPS models. The porcine model 
proved to be an excellent substrate because it allowed the cre-
ation of shunts using human tools and techniques. Further, por-
cine TIPS histology mimics that seen in humans, with both intra-
shunt and hepatic vein stenosis, though at a very accelerated rate: 
within a few weeks of TIPS creation.35 These reliable effects are 
seen without the need for inducing portal hypertension or cirrho-
sis in the animal, a daunting task in growing swine.53,54 

Multiple materials have been studied within this model, among 
them polyethylene terephthalate (PET), silicone, polycarbonate 
urethanes, and expanded polytetrafluoroethylene (ePTFE).55–57 In 
1995, Nishimine et al described the results of the first studies of 
ePTFE in swine TIPS.35 Shunts created with handmade PTFE-lined 
stent grafts demonstrated a 69% patency rate at 4 weeks, com-
pared to 8% for shunts utilizing bare stents. Additionally, stenoses 
in the patent PTFE-lined stents were less than 50%. At 3 months, 
46% of the stent grafts were still patent. Shunt occlusion was 
attributed to draining vein stenosis in 38% of the failed shunts. 
This was echoed in a subsequent study by Haskal et al in 1997, 
using an encapsulated PTFE-stent graft designed for TIPS.36 In 8 
shunts, seven demonstrated wide patency by 5 months, while 
85% of the bare stent control group demonstrated occlusions and 
stenoses by 4 weeks. Histologic reports of the explants paralleled 
the appearance of those described in prior human studies.44,45 In 
contrast, TIPS created with silicone-covered endografts,57 polycar-
bonate urethanes,56 and polyethylene terephthalate/polyester,58  
showed no improvement or worse results, compared with bare 
stent controls (▶ Fig. 19.5).

Early Human Experience
With the promising animal results of TIPS, early human feasibil-
ity studies in both revision and de novo TIPS applications were 
reported (▶ Fig. 19.6).38,49 In 1997, a Dotter Institute pilot study 
reported the use of a handmade ePTFE endograft used in revising 
failing TIPS.49 Six patients were treated with a custom-made PTFE 
graft mounted on a Z-stent. This stent graft was dilated to 14 mm 
and held in place within the endothelial layer by Wallstents. Some 
shunts remained patent to 315 days. The results of this prelimi-
nary study indicated that the PTFE coating of the revised grafts 
was effective in prolonging shunt patency in patients with failing 
TIPS.

Ferral et al reported a series of 13 TIPS created with polyester 
fabric-covered nitinol stents (modified Cragg Endopro System I 

Fig. 19.3  Four-month venogram of a bare stent TIPS demonstrates 
diffuse stenosis of both the intraparenchymal and hepatic vein outflow 
portions of the TIPS. (Reprinted with permission of the SIR.)
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Fig. 19.4  A 60-year-old woman with nonalcoholic liver cirrhosis who underwent VIATORR TIPS creation for treatment of portal gastropathy and 
refractory ascites. (a) Digital subtraction portal venography after TIPS creation. The portosystemic gradient dropped from 21 mm Hg to 10 mm Hg. Her 
ascites resolved over several weeks. (b) Fourteen months later, she returned with recurrent ascites requiring frequent paracenteses and diuretic therapy. 
TIPS venography demonstrates an unstented segment of outflow hepatic vein (double arrow). The shunt is otherwise widely patent. In retrospect, the 
hepatic vein was incompletely covered at the time of initial shunt creation. (c) Hepatic venogram with catheters in both the TIPS and the inferior vena 
cava demonstrates the secondary stenosis of the outflow vein (arrow). (d) After placement of a coaxial VIATORR, the portosystemic gradient was reduced 
from 18 mm Hg to 12 mm Hg. At the 4-week follow-up, her ascites had spontaneously diuresed.

stent graft).59 While the long-term follow-up and shunt patency 
assessments were mixed and somewhat incompletely described, 
this study focused on the technical success of shunt creation with 
nondedicated stent grafts and the immediate patency results. The 
thrombotic effect of polyethylene terephthalate graft material 
within the TIPS tracts, as with swine, was confirmed in a subse-
quent series using PET-covered Wallstents.58 This series described 
salvage of PET-lined TIPS using PTFE-covered stent grafts. The 

reason for the thrombogenic effect of polyester in the de novo 
TIPS tract is specific to acute shunt creation and its exposure to a 
fresh parenchymal tract. Luo et al described similar findings with 
higher 1-year and 2-year patency rates of 91% and 85% for PTFE 
stents versus 78% and 63% for PET-covered stents.60 Later studies 
and experience have shown that PET is not as thrombotic, when 
used to reduce mature endothelialized bare stent or ePTFE-lined 
shunts. 
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Outcomes of Bare Versus Commercially 
Available Covered Stents
The encouraging animal and preliminary human study data 
led to numerous reports of custom-made PTFE stent grafts. 
These further confirmed the marked shunt patency improve-
ments.37,38,58,61–64 A commercially designed TIPS endograft was 
manufactured by W. L. Gore and Associates and was marketed as 
the “VIATORR TIPS endoprosthesis.” The randomized multicenter 
U.S. trial comparing it to the Wallstent was begun in 1999, and  
led to FDA on label approval of the device for both de novo 
and revision TIPS applications. This study enrolled 253 patients 
and shunt stenosis was evaluated by venography. There was a 
marked decrease in shunt stenosis at 6 months in the VIATORR 
group, to only 16% as compared to 42% (p < 0.001) in the Wallstent 

group, with an associated significantly longer time to revision in 
the stent-graft group. 

These findings fostered the exponential growth in use of TIPS 
stent grafts (▶  Table 19.1). Hausegger et al utilized sonography 
and venography for follow-up evaluation of such patients, report-
ing patency rates at 6 months and 12 months of 87% and 80%, 
respectively.65 In the subgroup of patients evaluated by venogra-
phy, the portosystemic gradient remained essentially unchanged 
at 6 months. In 2007, Bureau et al reported a multicenter study in 
France, Spain, and Canada in which 80 patients were randomized 
to VIATORR or bare stents.66 Patients were followed by ultrasound 
every 3 months and angiography every 6 months, or at the time 
of dysfunction. At 2 years, the VIATORR group patency rate was 
76% versus 36% in the bare stent group (p = 0.001), and absence of 
encephalopathy in 67% and 51% (p < 0.05), respectively. The prob-
ability of survival at 2 years for VIATORR and bare stent patients 
was not statistically significant at 58% and 45%, respectively. Ultra-
sound surveillance was deemed insufficiently accurate enough to 
predict shunt dysfunction in this study. However, a retrospective 
review of 126 patients post TIPS surveillance with ultrasound 
demonstrated that shunt dysfunction detection rates are equiv-
alent for stent graft and bare stent shunts.67 In 2003, Angermayr 
et al confirmed improved survival in a retrospective comparative 
review of patients treated with stent grafts versus bare stents in 
the creation of TIPS, reporting a survival rate of 88% versus 73% 
at 1 year and 76% versus 62% at 2 years, respectively (p = 0.01).68

The new predictable durability of shunts fostered further 
comparisons with different shunt diameters. In 2010, Riggio et 
al reported randomization of cirrhotic patients with variceal 
bleeding and/or refractory ascites to 8-mm or 10-mm diame-
ter VIATORR stent grafts.69 Evaluated outcomes included recur-
rent symptoms and encephalopathy. The trial was stopped after 
enrolling 45 patients, as patients treated with the 8-mm device 
were found to have persistent ascites or varices after TIPS. The 
overall decrease in pressure gradient was significantly lower in 
the 10-mm group, explaining the observed differences, without 
decreased hepatic encephalopathy. While the findings are nota-
ble, it is arguable that the question of optimizing stent diameters 
has not been resolved, as ascites and hemorrhage cohorts were 
mixed together. The goal is to create the smallest portosystemic 
shunt that will treat the given indication in a patient (▶ Fig. 19.7). 
To that end, a diametrically adjustable TIPS endograft could be 
a great advantage to patients. At present, this is achieved by 
deployment of a 10-mm VIATORR without balloon expansion, or 
initial dilation only to 8-mm. Later, continued radial expansion 
of the endograft can be performed, as needed, and may lead to a 
fully expanded stent graft in many patients.

In a 2010 New England of Journal Medicine study, Garcia-Pagan 
et al reported a randomized comparison of patients with acute 
variceal hemorrhage treated with early TIPS (with endografts) 
compared with continued endoscopic therapy.70 Sixty-three 
patients were included: 32 patients treated with TIPS, 31 with 
pharmacologic and endoscopic therapy. At a mean 16 months 
follow-up, rebleeding or inability to control bleeding was far 
lower in the TIPS group vs. endoscopic therapy (3% vs. 50%, 
p < 0.001) and 1-year survival was 86% and 61%, respectively 
(p < 0.001). Days in intensive care units were 8.6 ± 9 vs. 3.6 ± 4 
in TIPS patients (p = 0.01) and overall hospitalization time 
(median 15 vs. 4 days, p = 0.014) were significantly higher in the 
non-TIPS group. This study was the first to show that early TIPS 

Fig. 19.5  Two-week explant from a porcine TIPS created with a non-
porous prototype polycarbonate urethane endograft demonstrates 
shunt thrombosis without evidence of endothelialization.

Fig. 19.6  This is an example of an early hand-sewn TIPS endograft. Pre-
expanded ePTFE was sutured onto the leading end of a Wallstent. It was 
then compressed into a loading cartridge using a surrounding lacing 
suture (not shown).38
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Table 19.1  Multiple Studies Evaluating Patency of ePTFE Stent-Grafts Versus Bare Stents in the Creation of Transjugular Intrahepatic Portosystemic 
Shunts Confirm the Higher Patency Rates of PTFE-Lined Shunts

Author Year Study Type

Patient Number Patency

Bare Stent Endograft Bare Stent Endograft

1 YEAR 1 YEAR

Angeloni et al89 2004 Prospective Nonrandomized 87 32 57.5% 87%

Bureau et al91 2004 Prospective Randomized 39 41 56% 87%

Charon et al100 2004 Retrospective 0 100 NA 84%

Barrio et al93 2005 Retrospective 20 50 18% 100%

Rossle et al101 2006 Retrospective 0 100 NA 90%

Tripathi et al96 2006 Retrospective 316 157 46% 92%

Gandini et al102 2006 Retrospective 6 7 0% 85.7%

Wu et al103 2010 Retrospective 30 30 70% 100%

Maleux et al104 2010 Retrospective 126 96 51% 81%

2 YEAR
1 YEAR

2 YEAR
1 YEAR

Perarnau et al74 2014 Prospective Randomized 67 62 37.4% 66%

Lauermann et al75 2016 Retrospective 80 83 83.3% 93.1%

Range 18–83.3% 81–100%

Fig. 19.7  Excessive encephalopathy after 
VIATORR TIPS creation. A 47-year-old male 
with cirrhosis presented with life-threatening 
esophageal variceal hemorrhage and 
hydrothorax. (a) After TIPS, the portosystemic 
gradient pressure decreased from 23 mm Hg 
to 11 mm Hg. (b) Three months post TIPS, 
he presented with persistent encephalopathy 
despite maximal medical therapy (xifaxan 
and lactulose). A 6-0 PTFE suture-constrained 
Wallgraft was placed within the shunt, raising 
the portosystemic gradient from 12 to 
18 mm Hg. His encephalopathy resolved and 
his hydrothorax remained controlled. (c) Five 
months after TIPS reduction, he returned 
with recurrent hydrothorax. Venography 
demonstrated TIPS occlusion. (d) A VIATORR 
was deployed within the occluded shunt but 
left at the smaller caliber. The portosystemic 
gradient decreased from 28 mm Hg to 
17 mm Hg. One year later, he continued to 
remain encephalopathy free and without 
recurrent hydrothorax.

creation with endografts led to prolonged transplant-free sur-
vival, reduced bleeding, and shorter hospitalization. 

The utilization of other ePTFE stent grafts has been reported, 
although they were not “purpose-built” for TIPS. In 2011, Xue et al 
reported the results of 80 patients treated with TIPS from a total 
of 137 between 2002 and 2009; no follow-up was available for 

the remaining 57 patients.71 Thirty-seven Fluency (Bard Periph-
eral Vascular, Tempe AZ) patients and 43 bare stent patients 
were described, with reduced re-bleeding rates in the endograft 
patients (13.5% vs. 32.6%). The higher rates of encephalopathy in 
patients treated with larger diameter devices led to their recom-
mendation of 8-mm stents in Child A and C patients.
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The results of a trial comparing TIPS outcomes in a total of 128 
patients by Gaba et al were reported in 2012, where 58 shunts 
were created using Wallstents, and 70 using a VIATORR stent 
graft.72 The findings confirmed the previously reported greater 
dysfunction rates in bare stent shunts; however, they found a 
significant reduction in rebleeding rates in patients who received 
concomitant variceal embolization (5% vs. 25% in the nonem-
bolized group; p = 0.013). They confirmed much longer shunt 
patency in the VIATORR patients (▶ Fig. 19.8).

Stent grafts have improved patency in de novo TIPS, as well as 
shunt revisions. In 2011, Jirkovsky et al reported the results of 
a retrospective study of 121 patients with bare metal TIPS dys-
function who were treated with angioplasty alone, new bare 
stent placement, or PTFE endografts.73 The stent graft patency of 
88.1% and 80.8% at 12 and 24 months, respectively, was signif-
icantly higher than angioplasty alone (49.7% at 12 months and 
25.3% at 24 months; p = 0.0001) as were the bare stent revised 
patients (patency of 74.9% at 12 months and 64.9% at 24 months; 
p =  0.005). These significantly prolonged patency rates mimic 
those seen in de novo TIPS created with endografts.

The results of a prospective, randomized clinical trial to evalu-
ate TIPS patency were reported by Perarnau et al in 2014.74 A total 
of 137 patients were randomized into two groups: shunt creation 
with stent grafts and bare stents. They reported a significantly 
lower dysfunction of stent grafts compared to bare stents, with 
similar hepatic encephalopathy and death rates, confirming the 
superior patency rate of stent grafts. These findings were con-
firmed by Lauermann et al in 2016, who reported significantly 
higher patency rates in TIPS created with covered stents versus 
bare stents, with no difference in technical success rate, encepha-
lopathy, or death rates (▶ Table 19.1).75 

A retrospective review of 262 patients treated with ePTFE-lined 
shunts created over a 10-year period was reported by Weber et al 

in 2015.76 Patency rates of 74%, 62%, and 50% were found at 2-, 
4-, and 6-year follow-up, respectively. The secondary patency 
rates were reported as 99%, 91%, and 84% for 2, 4, and 6  years, 
respectively, with 30% of revisions needed past 2 years from 
placement. This data confirms long-term patency of stent grafts, 
with the need for close follow-up and monitoring beyond 2 years 
post shunt creation. The multitude of retrospective as well as 
randomized studies clearly favor the stent graft patency over 
bare stents for the de novo as well as revision of transjugular 
intrahepatic portosystemic shunts.

Patency Outcomes of Endograft 
Use in Budd-Chiari Patients
Patients with Budd-Chiari Syndrome (BCS) represent a unique 
group of individuals with obstruction of the hepatic venous out-
flow (▶ Fig. 19.9). The creation of TIPS in these patients is com-
plicated by their hypercoagulability as well as their predilection 
to shunt stenosis and thrombosis, frequently requiring multiple 
shunt revisions. In 2008, Darwish Murad et al reported a 2-year 
patency rate of 56% in PTFE-covered TIPS vs. 12% in those created 
with bare stents (p = 0.09).77

The prolonged patency of stent grafts was further confirmed by 
a multicenter study of 124 BCS patients treated with TIPS. There 
was a significantly lower rate of shunt dysfunction in patients 
treated with PTFE grafts compared to those with bare stents 
(p = 0.001), concluding that long-term survival for patients with 
BCS treated by TIPS is excellent.78 With the advent of stent graft 
use the durability of the shunts has increased, associated with a 
decrease in revision rates and excellent clinical outcome.79–84 

The presence of jaundice in patients with BCS may prevent 
the creation of TIPS in some patients. He et al reported the suc-
cessful placement of a transjugular intrahepatic portosystemic 
shunt in 21 patients with severe hyperbilirubinemia secondary to 
BCS, with 100% technical success rate and no complications.85 At 
8 weeks post shunt creation, there was a significant decrease in 
total bilirubin from 266.24+/-122.03 to 40.11+/-3.52 μmol/L (p < 
0.01), with no jaundice present in all patients at 1-year follow-up. 

Pediatric TIPS and Endografts
The number of pediatric patients who require TIPS is much 
smaller, but patency issues are similar to those in adults. Smaller 
series have reported the benefits of use of endografts in this pop-
ulation. In a series of 9 patients less than 18 years of age (including 
an infant less than 18 months old) with varices, Vo et al reported 
in 2012 a TIPS patency rate of 100%, up to a mean follow-up dura-
tion of 20 months (range: 4 days to 32 months), utilizing PTFE 
endografts. There were no major complications associated with 
the shunt creation.86

In 2012, Di Giorgio et al further confirmed the feasibility of 
TIPS creation in the pediatric population, for patients who did 
not respond to medical and endoscopic treatment of ascites or 
bleeding varices.87 Of the 13 children treated with VIATORR stent 
grafts, the portosystemic gradient was successfully decreased in 
11 children, with 10 children experiencing complete resolution 
of the portal hypertension symptoms. They reported no cases of 
encephalopathy and shunt patency to 20.4 months (range 0.2-
67 months). Subsequently, results of a retrospective review of 

Fig. 19.8  Five-year follow-up venogram of a bare stent TIPS, which was 
later revised using a VIATORR. Three prior revisions had been performed 
due to recurrent stenoses and variceal hemorrhage. The shunt remained 
widely patent at 8-year sonographic follow-up (not shown).
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Fig. 19.9  A 37-year-old man with massive ascites due to subacute Budd-Chiari Syndrome. While ePTFE stent grafts have minimized shunt thromboses, 
these patients have proven prone to development of early or late hyperplastic stenoses at both portal and caval anastomoses. (a) Venogram of a remnant 
small hepatic vein demonstrates the typical spider web appearance of hepatic vein collaterals. (b) Trans-caval hepatic biopsy revealed hepatic congestion 
and sinusoidal dilatation (not shown). (c) Inferior vena cavagram demonstrates typical compression of the cephalic portion of the IVC from hepatic 
congestion. The trans-caval gradient was 12 mm Hg. (d) Trans-caval portography during shunt creation demonstrates splaying of the intrahepatic portal 
vein branches and thrombus at the spleno-portal junction. The initial portal vein pressure was 42 mm Hg. The portosystemic gradient was 29 mm Hg. 
(e) After shunt creation, the VIATORR impinged upon the IVC lumen. A bare metallic stent was placed and balloon expanded within the cava, adjacent 
to the VIATORR. (f) Final simultaneous TIPS and caval venography. Final portosystemic gradient was 10 mm Hg. The trans-caval gradient was 4 mm Hg. 
(g) His ascites rapidly resolved after TIPS. However, it recurred 2 months later and repeat venography demonstrated that a stenosis had developed at the 
uncovered portal end of the TIPS endograft (arrow). (h) This was treated with additional stent graft placement (Fig. 19.4b) (arrow showing leading end 
of newer VIATORR). At 1.5 years of follow up, he remains ascites free and liver function tests are normal.
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outcomes in children with ePTFE-covered shunts, placed to treat 
gastrointestinal bleeding, were reported by Zurera et al in 2015 in 
a series of 12 children with a mean age of 9.88 There were 2 sten-
oses found, at 9 and 54 months, and 2 graft occlusions at 7 and 
12 months, all successfully treated with coaxial stent placement. 

Finally, due to different ages of the pediatric patient, although 
adult-sized endografts have been utilized, some will require 
smaller, balloon expandable endografts.

Rationale for Use of Uncovered 
Stents in Some TIPS
With the widespread utilization of stent grafts for the creation of 
modern TIPS, there remains a population of cases where the use 
of uncovered stents to line the transhepatic tract may be desir-
able. Bare metal stents may be indicated during emergent TIPS 
creation in patients with high risk or known bacteremia, in order 
to minimize the risk of seeding prosthetic graft material. The TIPS 
can be revised with a stent graft at a later date once the infections 
are resolved.

Another subgroup that may benefit from bare stent TIPS 
includes patients with higher risk of encephalopathy. In these, the 
progressive narrowing of the bare metal TIPS can provide an “auto-
titration” of the shunt luminal diameter, balancing encephalopathy 
vs. control of bleeding or ascites. At a later date, an endograft can 
be placed into the narrowed lumen to stabilize it at that diameter.

Bare stents may be of benefit for patients in whom there 
is desired obsolescence of their TIPS. In acute porto-spleno-
mesenteric thrombosis and occlusion, in which lysis and therapy 
is achieved by the presence of a TIPS, there may not be a need for 
lifelong diversion and self-closure of the TIPS may be desirable.

Finally, living donor liver transplant recipients with small for 
size livers, in whom early portal hypertension results in ascites, 
may be treated with the creation of TIPS. As the organ hypertro-
phies over time to compensate for the hepatic function required 
in the recipient, there may not be a need for continued decom-
pression; thus, a bare stent tract would eventually stenose and 
occlude, and additional intervention may not be required.

Conclusion
The development and widespread utilization of PTFE stent-grafts 
have resulted in TIPS reaching a decade of durability and patency 
for treatment of patients with stigmata of portal hypertension. 
Despite the multiple reports of prolonged patency and durability 
of PTFE shunts compared to the bare stents, there are many unan-
swered questions that remain to be investigated. 

The widespread utilization of PTFE stent grafts in the creation 
of TIPS has resulted in a dramatic and noticeable increase in shunt 
patency, both in de novo and revised grafts, with a reduction in 
the need for further interventions and frequency of surveillance. 
Currently it is estimated that more than 8 of 10 shunts created 
worldwide are lined with a PTFE endograft. Further studies must 
continue to revisit the early control trials of bare stents with the 
now commonly used stent grafts.39,69,70,74–76,89–96

The optimal shunt diameter remains to be confirmed, and is 
unlikely to be universally optimal for all patients. Gaba et al97 
and Pieper et al98 found that placing a self-expanding ePTFE stent 
graft such as the VIATORR or a bare stent, within a newly created 

shunt, results in a shunt diameter close to the stent’s native size, 
even in cases where the stent was under-dilated at the time of 
placement. The ability to customize and tailor the ideal diameter 
for individual patients and indication will be a necessity in order 
to provide prime response and symptomatic outcome, while 
minimizing complications and encephalopathy. Shunt design 
technology investigation needs to parallel the clinical investi-
gation, perhaps by the creation of devices that allow diametric 
adjustment of shunt size.99 
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Introduction
A transjugular intrahepatic portosystemic shunt (TIPS) is an arti-
ficially created conduit within the liver that diverts portal flow 
into the systemic circulation. Normally reserved as the last treat-
ment for decompensated liver disease before liver transplanta-
tion, it aims to control variceal bleeding and refractory ascites. As 
the name suggests, this procedure is performed through a percu-
taneous access site in the jugular vein, usually on the right side, 
and provides a much less invasive option to open surgery. First 
described by Rosch in 1969,1 the TIPS procedure began to exert 
its role in end-stage liver disease management in the mid-1980s 
upon the introduction of endovascular stents. In 1988, Rössle 
et al reported the first successful TIPS deployment in humans.2 
Since then, it has gained widespread recognition as the mainstay 
treatment for portal hypertension (PHT) refractory to medical 
therapy.2

To clarify the appropriate indications for TIPS placement, the 
American Association for the Study of Liver Diseases (AASLD) has 
compiled a comprehensive practice guideline for this procedure3 
available at www.aasld.org. The contraindications and common 
indications for TIPS and their recommended use outlined by 
AASLD are summarized in ▶ Table 20.1 and ▶ Table 20.2.

The success of the TIPS procedure largely stems from the 
advent of endovascular stent grafts, which prevent tract closure. 
The first-generation stent grafts were bare-metal stents, mainly 
Wallstents (Boston Scientific, Natick, Massachusetts), which were 
prone to thrombosis or stenosis because of pseudointimal hyper-
plasia. Stent patency is characterized as either primary or second-
ary. Primary stent patency refers to the duration a stent remains 
patent from the time of deployment to first intervention. Second-
ary stent patency refers to the lifespan of a stent to complete loss 
of function despite interventions. The primary stent patency rate 
for earlier generation stents is highly variable but generally low. 
Two studies cited 2-year primary patency rates of 5%4 and 26%.5 
The secondary patency rate can be quite high, with 83% patency 

at 5 years reported by one study that monitored long-term stent 
patency rate.6 Stenosis usually occurs within the stent or at the 
hepatic venous outflow.

Subsequent development of expanded-polytetrafluoroethyl-
ene (PTFE)-covered endoprostheses (VIATORR Gore-Tex vascu-
lar graft, W.L. Gore and Associates) significantly improved stent 
patency. The covered stent graft is a self-expanding high-radial-
strength nitinol stent graft that has a proximal region lined inter-
nally by a thin layer of expanded PTFE, which is impermeable to 
bile and mucin. One end of the stent has an uncovered region. 
The uncovered region placed in the portal system allows nor-
mal blood flow at the portal confluence, and the covered region 
placed intrahepatically provides an impermeable interface with 
the hepatic parenchyma. The expanded PTFE lining also reduces 
in-stent neointimal hyperplasia.7 The stent patency rate is even 
higher if the stent is extended to the level of the inferior vena 
cava (IVC).8 Ample data show clear survival benefit offered by 
covered stents compared with bare-metal stents.9–11 Surprisingly 
and against intuition, covered stents are also associated with a 
decreased incidence of hepatic encephalopathy (HE),12 which was 
initially expected to be higher given the improved stent patency 
rate.

Variceal bleeding occurs in the setting of advanced liver cir-
rhosis complicated by PHT. First-line therapy for variceal bleed-
ing consists of a combination of pharmacologic and endoscopic 
treatments, including vasoactive medication, prophylactic anti-
biotics, and endoscopic band ligation or injection sclerotherapy. 
In severe cases, transfusion may also be needed. Patients with 
hepatic venous pressure gradients (HVPGs) of 20 mm Hg or more 
are at high risk for treatment failure.13 TIPS is highly effective 
in controlling acute variceal bleeding, including the high-risk 
patient population, and can be used as rescue therapy if first-line 
treatments fail. Hemostasis is generally achieved when the HVPG 
is reduced to 12 mm Hg or less. This conventional treatment 
algorithm is now under challenge by recent data from a multi-
center study, which found significant survival benefit in high-risk 
patients with cirrhosis when TIPS was deployed early.14

In addition to controlling variceal bleeding, TIPS effectively 
reduces ascites refractory to diuretic therapy. Left untreated, 
refractory ascites often progresses to hepatorenal syndrome 
and hydrothorax. Although these conditions are treatable by 
large-volume paracentesis (LVP) and pleurodesis, reaccumulation 
of fluid can be expected. These procedures also carry the risk of 
progressive circulatory dysfunction, eventually leading to hepa-
torenal syndrome. Each procedure also carries inherent techni-
cal risks. Assuming there are no stent graft complications, ascites 
resolves within 1 month after TIPS placement. Patients are able 
to enjoy a longer ascites-free window than that offered by LVP. 
With amelioration of total body fluid shift, the renal function also 
improves.

Post-TIPS HE is a common occurrence, reported to occur in 5% 
to 35% of patients.15 The nitrogenous compounds from the gas-
trointestinal tract, in particular ammonia, gain direct systemic 
access through a patent TIPS. A decrease in the caliber of the stent 

Table 20.1  Contraindications to Placement of a Transjugular 
Intrahepatic Portosystemic Shunt

Absolute
Primary prevention of variceal bleeding
Congestive heart failure
Multiple hepatic cysts
Uncontrolled systemic infection or sepsis
Unrelieved biliary obstruction
Severe pulmonary hypertension

Relative
Hepatoma especially if central
Obstruction of all hepatic veins
PV thrombosis
Severe coagulopathy (INR > 5)
Thrombocytopenia of <20,000/cm3

Moderate pulmonary hypertension

INR: international normalized ratio; PV: portal vein.
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because it is more readily available. In patients with large ascites, 
the liver may be deeply displaced, complicating Doppler evalu-
ation of hepatic vessels. Difficulty in acoustic penetration sec-
ondary to deep location of the vessel of interest (▶ Fig. 20.1) may 
lead to a false diagnosis of vascular thrombosis. In these patients, 
contrast-enhanced CT or MRI is helpful in clarifying equivocal 
Doppler findings.

Sonographic Terminology
Sonographic terminologies used in TIPS evaluation are standard-
ized mostly based on the direction of blood flow with respect to 
a reference structure. Hepatofugal flow describes flow away from 
the liver, and hepatopedal flow describes blood flow toward the 
liver. Antegrade flow is a term used for the direction of blood flow 
under normal physiologic conditions. Conversely, retrograde flow 
is in the opposite direction as antegrade flow. TIPS stents are 
evaluated in their proximal, mid, and distal segments. The prox-
imal segment is the portion closest to the portal vein (PV). The 
distal segment is the portion closest to the hepatic vein. Again, 
these terminologies are with respect to the expected blood flow 

(available in 8-, 10-, and 12-mm diameters) theoretically reduces 
the risk of HE. However, this is not well supported by current data, 
and a recent study16 found no difference in the rate of HE when 
comparing 8- and 10-mm stents. Furthermore, the 8-mm stent 
was ineffective in portal decompression. Fortunately, the vast 
majority of patients with post-TIPS HE are successfully treated 
with conservative management. A small percentage of patients 
are refractory to these treatments and require further interven-
tion, including shunt occlusion, size reduction, or even emergent 
liver transplantation. A host of other complications related to TIPS 
placement include TIPS infection, intraperitoneal hemorrhage, 
stent stenosis or migration, fistula formation, hemobilia, and sep-
sis, as well as the dreaded hepatic infarction leading to fulminant 
liver failure.

Current AASLD practice guideline recommends imaging the 
liver before the TIPS procedure to assess hepatic vascular patency 
and exclude masses.17 Imaging modalities may include Doppler 
ultrasonography, computed tomography (CT), or magnetic reso-
nance imaging (MRI). Both MRI and ultrasonography are highly 
accurate for depicting portal venous flow direction, and MRI is 
more sensitive than Doppler for detecting collateral vessels.18 
In general, Doppler ultrasonography is most commonly used 

Table 20.2  Common Indications for Transjugular Intrahepatic Portosystemic Shunt Recommendation

Efficacy Determined by Controlled Trials

Secondary prevention of variceal bleeding TIPS is effective; not recommended for primary prophylactic prevention of bleeding for varices that 
never bled.

Refractory cirrhotic ascites TIPS is effective; reserve for patients intolerant of repeated large LVPs.

Efficacy Assessed in Uncontrolled Series

Refractory acutely bleeding varices TIPS is effective in controlling variceal bleeding that is refractory to medical therapy and should be 
used in preference to surgery.

Portal hypertensive gastropathy Limit use of TIPS to those who have recurrent bleeding despite beta-blocker therapy.

Bleeding gastric varices TIPS is effective and is the preferred approach.

Gastric antral vascular ectasia TIPS is ineffective in patients with cirrhosis; not recommended.

Refractory hepatic hydrothorax TIPS is effective; reserve for effusions uncontrollable by diuretics and sodium restriction.

Hepatorenal syndrome Investigatory use of TIPS pending publication of controlled trials

Budd-Chiari syndrome TIPS is recommended for those who fail anticoagulation therapy.

Veno-occlusive disease TIPS is not recommended.

Hepatopulmonary syndrome TIPS is not recommended.

LVP: large-volume paracentesis; TIPS: transjugular intrahepatic portosystemic shunt.

Fig. 20.1  Pseudothrombosis of the 
main portal vein (PV) secondary to its 
deep location. (a) Routine liver Doppler 
evaluation before the transjugular 
intrahepatic portosystemic shunt (TIPS) 
procedure showing a lack of flow in the 
main PV. (b) Computed tomography 
performed later the same day definitively 
demonstrated opacification of the main 
PV (red arrow).
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direction through a properly functioning stent shunting blood 
from portal to systemic circulation.

Normal Transjugular Intrahepatic 
Portosystemic Shunt Examination
Ultrasonography Technique
TIPS stents are deeply embedded in the liver, usually connecting 
the right portal and hepatic veins (▶ Fig. 20.2). To optimally vis-
ualize the stent, low-frequency transducers such as the 3.5-MHz 
curved array or a 2.5-MHz phased array transducers are superior 
for depth penetration. The preferred scanning position is using 
an intercostal window with the patient turned slightly to the 
left while lying supine. In some patients, a subcostal approach 
with superior probe angulation may provide better visualization  
(▶ Fig. 20.3). The latter approach is especially helpful for assess-
ment of the distal end of the stent. Decreasing the dynamic range 
helps to improve contrast between the stent and surrounding liver 

parenchyma. Doppler scale should be optimized for measuring the 
relatively high flow velocity within the stent and may need to be 
decreased when evaluating slower flow in the portal and hepatic 
veins. Velocity should be measured at a Doppler angle of less 
than 60 degrees. Ideally, Doppler measurements should be taken 
at a resting stage of the respiratory cycle, preferably at end expi-
ration, because flow velocity within the stent can be decreased 
by 22 cm/s on average during deep inspiration.19 This pattern in 
velocity change can be extrapolated to include the portal venous 
system, which is also preferably evaluated at end expiration.

Normal Gray-Scale and 
Doppler Findings
On ultrasonography, the wire mesh of the stent wall appears as 
two parallel echogenic white lines that are slightly corrugated 
(▶ Fig. 20.4). With appropriate angulation, flow within the entire 
stent can be easily displayed on color Doppler (▶ Fig. 20.5). Sono-
graphically, bare-metal stents and covered stents cannot be dis-
tinguished. The latter may have gas embedded in the fabric, which 
produces a well-known acoustic barrier that precludes Doppler 
sampling of this region in the immediate post–stent deployment 
period.20 This acoustic barrier usually resolves within 1 week.

In a cirrhotic liver, TIPS provides a low-pressure channel for 
diverting portal venous flow to the IVC. Changes to the intra-
hepatic flow dynamics are immediate after stent placement. 
Such changes include reversal of flow in the right and left PVs  
(▶ Fig. 20.6). Flow volume and velocity increase throughout the 
main PV. Acceptable flow velocities within the TIPS differ slightly 
across institutions but are generally considered normal within a 
range of 90 to 190 cm/s.21 Doppler and gray-scale evaluations of 
the stent and hepatic vessels should be followed by a survey of the 
abdomen for collaterals and ascites. The presence of either may 
indicate inadequate portal decompression. The hepatic paren-
chyma must be thoroughly evaluated in post-TIPS patients who 
are also at increased risk for hepatocellular carcinoma.

Abnormal Transjugular Intrahepatic 
Portosystemic Shunt Examination
Stent Thrombosis
Doppler ultrasonography has been shown to be very effective 
for diagnosing stent thrombosis.19,22–27 Provided that the Doppler 
parameters have been set accurately, lack of flow in the  stent 
lumen on color or pulsed Doppler (▶ Fig. 20.7) is diagnostic of 

Fig. 20.2  Illustration showing the expected transjugular intrahepatic 
portosystemic shunt stent position bridging the right portal vein (RPV) 
and the right hepatic vein (RHV). IVC: inferior vena cava; LHV: left 
hepatic vein; LPV: left portal vein; MHV: middle hepatic vein; MPV: main 
portal vein. (Used with permission from Patel N, ed. SCVIR Syllabus: Portal 
Hypertension: Diagnosis & Interventions, 2nd ed. Fairfax, VA: Society of 
Interventional Radiology; 2001: ©SIR, 2001. All rights reserved.)

Fig. 20.3  Acoustic windows used for 
stent visualization. (a) Longitudinal 
view of a normal TIPS stent through 
an intercostal acoustic window. 
(b) Transverse subcostal view with 
superior angulation showing the distal 
end of the stent in the right hepatic vein.
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Fig. 20.5  Color Doppler evaluation of a normal transjugular intrahepatic 
portosystemic shunt stent. Flow is seen within the entire stent heading 
toward the hepatic vein. By convention, flow away from the transducer 
is coded blue.

Fig. 20.7  Power Doppler evaluation of the transjugular intrahepatic 
portosystemic shunt stent. No flow is noted throughout the entire 
stent consistent with an occluded stent secondary to thrombosis. The 
Doppler parameters are appropriate because normal flow is seen in the 
adjacent hepatic veins.

Fig. 20.4  Sonographic appearance 
of a transjugular intrahepatic 
portosystemic shunt (TIPS) stent. 
Longitudinal (a) and transverse 
(b) views demonstrating the 
echogenic walls of the TIPS stent 
with a corrugated appearance. The 
lumen is normally anechoic on 
gray scale.

Fig. 20.6  Expected retrograde 
flow in the right (a) and left 
(b) portal veins after transjugular 
intrahepatic portosystemic shunt 
creation.
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Fig. 20.8  Doppler evaluation 
of the transjugular intrahepatic 
portosystemic shunt (TIPS) stent 
with distal stenosis. (a) Elevated 
peak systolic velocity (262 cm/s) 
is detected at the distal end of the 
stent. (b) Peak systolic velocity is 
decreased (53 cm/s) in the mid 
segment of the TIPS stent proximal 
to the stenosis.

Fig. 20.9  Doppler evaluation of 
transjugular intrahepatic portosystemic 
shunt (TIPS) stent with proximal stenosis. 
(a) Focal aliasing (arrow) on color Doppler 
in the proximal TIPS stent suggests 
elevated velocities caused by stenosis. 
(b) Spectral waveform analysis reveals an 
elevated peak systolic velocity of 352 cm/s 
in the region of focal aliasing, confirming 
stenosis.

stent thrombosis. With inappropriate Doppler settings, slow flow 
through the stent can imitate thrombosis. When slow flow in the 
stent is suspected, augmenting flow within the portal venous sys-
tem by compressing the periumbilical region of the abdomen is 
occasionally helpful.

Shunt Stenosis
Multiple parameters have been investigated for diagnosing shunt 
stenosis. The most common of these include the following.

Intrastent Flow Velocity
Flow velocity within a hemodynamically significant stenosis is ele-
vated. Conversely, velocity is expected to be low in the nonstenotic 
segments (▶ Fig. 20.8; Fig. 20.9). Multiple studies have attempted 
to define TIPS stenosis by sets of flow velocities, with varying 
results.23,24,26 At the authors’ institution, the 90- to 190-cm/s flow 
velocity range used to define a patent, functioning stent has com-
parable sensitivity and specificity of 82% and 72%, respectively.28

An intrastent velocity gradient, or the difference between the 
upper and lower limits of normal velocity range, of more than 100 
cm/s has a positive predictive value of 82% for detecting steno-
sis. However, this gradient may not be present in diffuse stenosis 
in which velocities are increased throughout the stent. Studies 
have also shown an increase of more than 50 cm/s on successive 
TIPS follow-up examinations to be a sensitive predictor of stent 
stenosis.27 This underscores the importance of serial follow-ups 
and monitoring for temporal change in velocities in addition to 
analyzing absolute flow velocities on individual examinations. 

The follow-up intervals differ among institutions. At the authors’ 
institution, the first examination is done within 24 hours for 
uncovered stents or at 1 month for covered stents after TIPS place-
ment. Subsequent follow-up examinations are performed at 3, 6, 
and 12 months. After the first year, yearly follow-up examinations 
are sufficient unless clinical manifestations of stent dysfunction 
dictate otherwise.

Main Portal Vein Velocity
After portal venous decompression by TIPS, the main PV velocity 
increases.23,24 TIPS malfunction is reflected as a decrease in portal 
venous flow. Velocity below 30 to 40 cm/s in the main PV and 
a 20% reduction in peak velocities between successive examina-
tions are associated with TIPS malfunction.28,29

Intrahepatic Portal Vein Flow Direction
TIPS provides a low-resistance outflow for the portal system. 
Assuming lack of collateral vessels, reversal of flow (hepatofugal) 
within the left and right PVs is normally expected with a patent 
TIPS. Interval change from the expected hepatofugal direction to 
hepatopedal within a branch of the PV between successive TIPS 
evaluations is highly suggestive of stent malfunction,28 although 
this is a relatively late finding.

Hepatic Artery Velocity
Hepatic arterial flow increases after TIPS placement because of 
diverted portal venous flow from the liver. This phenomenon has 
been studied in the past with variable success.24,28
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Fig. 20.10  Stent migration. (a) Gray-scale 
image demonstrating an odd angulation 
between the stent and the main portal vein 
(MPV) suggestive of stent migration. (b) 
Focal aliasing at the level of the angulation 
revealing tiny residual connection between 
stent lumen and the MPV. (c) Elevated peak 
systolic velocity (181 cm/s) is observed 
within the narrowed connection between 
the stent and the MPV. (d) Conventional 
angiography confirming partial stent 
migration. (e) Appropriate stent morphology 
is restored after stent revision.

Hepatic Venous Flow
Stenosis between the distal end of the stent and IVC may direct 
some flow back into the draining hepatic vein toward the liver. 
This flow abnormality has been reported30 but is not well studied. 
Angle-corrected intrastent flow velocities and temporal velocity 
change are good indicators for detecting stent malfunction. How-
ever, combining multiple parameters can increase overall sensi-
tivity and positive predictive value for diagnosing shunt stenosis.31

Other Complications
Rarely, TIPS stents may encounter complications that are mor-
phologic in nature. These complications tend to be more read-
ily noticeable than flow abnormalities. Stent migration wherein 
the stent dislodges from its hepatic or portal venous insertion 
site and embeds within the liver parenchyma is easily seen  
(▶ Fig. 20.10). A kink in the stent may also cause stent dysfunction 
(▶ Fig. 20.11). Occasionally, thrombus within the stent may be 
apparent on gray-scale imaging (▶ Fig. 20.12).

Pitfalls and Artifacts
Transjugular Intrahepatic Portosystemic 
Shunt Stent
When evaluating TIPS by Doppler ultrasonography, one should 
bear in mind the myriad artifacts that mimic stent abnormali-
ties. In a large patient, deep location of the stent may give a false 
impression of stent occlusion caused by a faint Doppler signal. The 

highly reflective lung–diaphragm interface commonly responsible 
for the mirror image artifact may generate a “virtual stent,” which 
is the mirror image of the TIPS, extending above the diaphragm. 
Occasionally, only the “virtual stent” is seen, creating the illusion of 
stent migration. A simple chest radiograph will confirm true stent 
position and resolve any ambiguity. The morphology of the TIPS 
also poses inherent pitfalls for Doppler signal sampling. Shaped like 
an arch, the Doppler angle almost invariably approaches 90 degrees 
along certain segments within the stent regardless of the acoustic 
window. Within these segments, focal Doppler signal void may be 
confused for thrombus despite patent flow (▶ Fig. 20.13).

Changing the angle of insonation may help to eliminate this 
artifact. Along the same lines, the distal stent is often displayed 
in an orientation such that the Doppler angle approaches zero 
degrees. This can manifest as focal color aliasing and be confused 
for stenosis. Correcting the pulse repetition frequency may help 
minimize this artifact, and it is also important to analyze the peak 
flow velocity on the Doppler waveform sampled in this region to 
distinguish this artifact from true stenosis.32 The nature of the 
stent may also impact analysis. Bare-metal stents allow intrastent 
permeation of adjacent portal and hepatic venous blood, occa-
sionally causing color aliasing, which may be confused for a ste-
nosis. Therefore, knowledge of the type of stent placed is helpful 
when performing Doppler evaluation of a TIPS stent.

Portal Vein
Peak velocity in the PV should be sampled in the proximal to mid 
segment of the main PV, closer to the portosplenic confluence. If 
measured near the main PV bifurcation, retrograde blood volume 
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Fig. 20.12 (a)  Echogenic thrombus (asterisk) within the proximal stent. (b) Color Doppler image demonstrating the nonocclusive nature of the thrombus 
with flow seen around the thrombus.

Figure 20.11  Stent kinking. (a) A sharp angulation 
(arrow) within the mid segment of the stent, with 
elevated velocities within that segment. (b-d) 
Sharp angulation on a conventional angiogram. A 
high-velocity gradient was measured across the 
kinked portion. The stent was revised with a bare 
Wallstent, and the kink was resolved (e).

from the left PV into the TIPS may spuriously accelerate flow and 
may mask underlying stent malfunction that would otherwise be 
reflected as decreased velocity in the main PV.

When identifying the right and left PVs, one should not rely 
solely on color Doppler. The hepatic arterial system is often hyper-
trophied in cirrhosis and dilates even more after TIPS placement. 

Conversely, the portal venous system is typically atretic in cir-
rhosis. On color Doppler, robust flow within a hypertrophied 
hepatic artery can be mistaken for portal venous flow. Spectral 
waveform analysis of the vessel in question will help distinguish 
PV from the adjacent hepatic artery. A well-recognized artifact in 
the PVs, particularly the right PV, is helical flow (▶ Fig. 20.14).33 
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This represents flow turbulence within focally ectatic segment of 
the PV and can be confused with flow reversal in the PV. In these 
instances, interrogation of more distal portal venous branches 
would help establish true flow direction.

One of the late signs of critical stent stenosis is hepatopedal 
flow in the intrahepatic PVs. However, during deep inspiration 
this may temporarily be hepatofugal. This happens when the neg-
ative intrathoracic pressure generated during deep inspiration is 
large enough to overcome the flow obstruction by stent stenosis. 
Recognition of this phenomenon should alert readers to presence 
of potential stent stenosis.

Conclusion
TIPS is highly effective in management of end-stage liver disease. 
Patients should be closely monitored by serial ultrasound Doppler 

examinations to assess stent patency. Properly performed, ultra-
sonography is highly sensitive in detecting stent malfunction.

Clinical Pearls
•	 The goal of TIPS is to reduce HVPG to less than 12 mm Hg.
•	 Cover stents are superior to bare-metal stents in their long-

term stent patency rate.
•	 Optimizing Doppler parameters is critical for accurate evalua-

tion of stent function.
•	 Normal intrastent flow velocity range is 90 to 190 cm/s.
•	 Normal intrahepatic right and left portal vein flow direction 

should be hepatofugal (retrograde) in a patent, functioning 
stent.

•	 Main portal vein velocity is above 30 to 40 cm/s in a patent, 
functioning stent.

•	 Suggested serial ultrasound follow-up interval (for newer cov-
ered stents) is 1, 3, 6, and 12 months after stent deployment 
and annually thereafter.
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Chapter 21: Transjugular Intrahepatic Shunts for Variceal 
Bleeding: Results of Clinical Studies
Kunal V. Shah and Timothy W.I. Clark

Introduction
Variceal hemorrhage is a well-recognized and frequently lethal 
complication of portal hypertension (PHT). In nearly 50% of patients 
with cirrhosis, gastroesophageal varices are present at the time of 
diagnosis.1 These varices grow at a rate of 7% per year, and the 1-year 
rate of sentinel bleeding is 12%.2,3 When bleeding occurs, patients 
have an 80% chance of rebleeding within 1 year and a mortality 
rate of bleeding episodes approaching 33%.4 Since its inception the 
transjugular intrahepatic shunt (TIPS) procedure has evolved in 
portal access techniques, shunt technology, image guidance, and 
shunt surveillance. Because of these refinements, TIPS has largely 
supplanted most surgical shunting procedures as a means of long-
term portal decompression. This chapter summarizes our current 
understanding of the role of TIPS for variceal bleeding.

Prevention of Variceal Rebleeding: 
Early Clinical Studies
Over the past 20 years, TIPS has increasingly become a vital tool 
in reducing PHT for preventing variceal rebleeding. Rosch et al 
initially described this conduit as a durable means for treating 
variceal bleeding while avoiding open surgery.5 More than 10 
randomized prospective trials have compared TIPS with endo-
scopic therapy (ET) in the prevention of variceal rebleeding.6 The 
initial trials conducted in the mid to late 1990s with bare-metal 
stents (BMS) demonstrated that patients treated with TIPS rebled 
at a lower frequency than those treated with ET (18.9% vs. 46.6%, 

respectively).7 This benefit was juxtaposed by a higher rate of 
hepatic encephalopathy in TIPS patients (34% vs. 19%, respec-
tively).7 Most of the trials also indicated no difference in overall 
mortality rate between the two procedures, yet there were con-
sistently fewer deaths caused by rebleeding in the TIPS group 
(2.4% vs. 7.7%).7–11 A recent meta-analysis that collected data 
from 12 randomized controlled trials (RCTs) and four previous 
meta-analyses confirmed these results (decreased rebleeding 
rates, increased encephalopathy, no change in overall mortal-
ity rate with TIPS) and reported no difference in the number of 
hospital days between the two treatment arms.12 Escorsell et al 
compared TIPS with pharmacologic therapy (propanolol + iso-
sorbide-5-mononitrate) and found similar results as endoscopy 
trials. The TIPS arm had lower rebleeding probability (13% vs. 
49%), higher rates of encephalopathy (38% vs. 14%), and no dif-
ference in survival probability.13 Each of these trials was limited 
by high rates of crossover from the endoscopic or medical arms 
to rescue therapy with TIPS, which may have masked differences 
in mortality rate as patients who would have died from recurrent 
variceal bleeding in the endoscopic arm were shunted with TIPS. 
These initial RCTs also raised recognition that the BMS used for 
TIPS were prone to dysfunction, which led to the recurrence of 
PHT and subsequent bleeding (▶ Fig. 21.1).

These recurrences developed in 25% to 50% of patients after 6 
to 12 months.14–17 Dysfunction rates accumulated over time and 
were reported as high as 70% after 2 years in several trials.12,18 
The etiology of dysfunction was hypothesized to be multifacto-
rial. Potential causes included thrombosis from stent migration 
or biliary fistula (▶ Fig. 21.2), parenchymal stenosis from fibrotic 

Fig. 21.1  A 51-year-old man 
with alcoholic cirrhosis and 
previous transjugular intrahepatic 
portosystemic shunt (TIPS) for 
recurrent variceal bleeding. (a) The 
TIPS was created with a bare stent 
4 months earlier, and the stent 
has retracted into the hepatic 
parenchymal tract. Catheter 
advanced to the area of stenosis 
(arrows) where TIPS joins hepatic 
vein. (b) Additional stent placed 
across shunt stenosis and dilated 
with balloon catheter.
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Fig. 21.2  Biliary fistula producing transjugular intrahepatic 
portosystemic shunt (TIPS) occlusion. Ultrasonography in this 52-year-
old patient (not shown) revealed absent flow through the TIPS. 
Injection of contrast through a catheter placed into the occluded TIPS 
reveals a biliary fistula (arrow) and filling defects throughout the shunt 
(arrowheads) consistent with stenosis and thrombotic occlusion.

to the recommendation that ET remain the standard of care as 
first-line therapy for patients with variceal bleeding.

The Era of Stent Grafts
The need for better stents for TIPS with longer patency rates 
drove the innovation of polytetrafluoroethylene (PTFE)-covered 
stent grafts. In 1995, Nishimine et al reported the first use of 
these stent grafts in pig studies with subsequent improvement in 
patency rates.22 Saxon et al reported initial clinical results in 1997 
of the use of stent grafts for revision of TIPS. They reported an 
initial mean primary patency of 50 days compared with a mean of 
229 days after graft placement.15 Haskal achieved similar results 
in 1999 and showed a mean patency duration of 19 months in 
a series of 13 patients.19 These initial PTFE grafts appropriately 
blunted physiologic responses such as myofibroblast invasion 
and extracellular collagen deposition while also preventing bile 
leaks.19 In 1999, W. L. Gore & Associates developed the first com-
mercially available stent graft using expanded PTFE (ePTFE) mar-
keted as VIATORR (▶ Fig. 21.3). Before its approval by the United 
States Food and Drug Administration (FDA), several European 
series confirmed the ability of the device to maintain patency for 
mean follow-up times of 282 to 387 days.21,23

In 2003, Angermayr et al performed the first large retrospec-
tive study comparing BMS with stent graft patency rates and sur-
vival data. Three-month, 1-year, and 2-year survival rates were 
reported as 93%, 88%, and 76% for the ePTFE group and 83%, 73%, 
and 62% for the BMS group (n = 89 for stent graft, n = 419 BMS).24 
This represented the first case-control study that not only sup-
ported the increased technical patency of TIPS stent grafts but 
also indicated improved survival with stent grafts. However, 
studies by Hausegger et al and Charon et al did not support these 
claims of improved mortality rates. They reported 1-year survival 
rates of 72% and 65%, respectively, for stent grafts with no sta-
tistical difference between groups.25,26 Stent grafts were expected 
to have higher rates of encephalopathy, but most retrospective 
studies showed no significant difference between the two types 
of stents.25,26,27 The reported incidence of recurrent bleeding with 
stent grafts was 3.7% to 7%, compared with rebleeding rates of 
18% to 20% in the BMS.7,25,26

Fig. 21.3  The VIATORR (W. L. Gore, Flagstaff, 
Arizona) device is a polytetrafluoroethylene 
(PTFE) conduit supported by a nitinol stent 
skeleton. The portal venous end of the 
device is uncovered to permit unimpeded 
portal blood flow through the stent 
interstices.

healing, and intimal hyperplasia from chronic injury.14,15,19–21 
These technical problems mandated more intense clinical and 
imaging follow-up, with frequent reinterventions and higher 
costs.21 Although TIPS was proven to be superior to ET in the pre-
vention of rebleeding, the drawbacks of greater encephalopathy, 
stent complications, and lack of demonstrable survival benefit led 
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Table 21.1  Summary of Clinical Studies of Transjugular Intrahepatic Shunt Stent Grafts*

Study PI Year Study
Bare-Metal 
Stent (n)

Stent 
Graft (n) Patency HEN Survival Comments

Saxon et al15 1997 CS 6 6 229 d NA NA Shunt revision with stent graft (vs. 50 d for BM)

Haskal19 1999 CS NA 14 570 d NA NA Seven de novo, seven revision

Cejna et al23 2001 CS NA 16 82% NA NA Percent at 6 mo; patency defined as > 50% stenosis or 
PPG > 12

Otal et al21 2002 CS NA 20 80% 5% NA Patency at 387 d, 100% secondary patency rate

Angermayr et al24 2003 RS 419 89 NA NA 88% Survival: 93%, 88%, 76% vs. 83%, 73%, 62% (3 mo, 
1 y, 2 y)

Angeloni et al32 2004 RS 87 32 83% Similar Similar Stenosis in hepatic or PV greater in stent graft group: 
33% vs. 3%

Hausseger25 2004 RS NA 71 81% 31% NA Recurrent bleeding rate of 3.7%

Charon et al26 2004 RS NA 100 84% 14% 65% Recurrent bleeding rate of 8.0%

FDA Trial28 2004 RCT 128 125 58% Similar Similar Percent at 6 mo (vs. 29.8% [per protocol]); patency 
defined as PPG < 12 mm Hg and percent diameter 
stenosis < 50%

Bureau et al29 2004 RCT 41 31 76% 33% Similar Percent reported at 2 y; clinical relapse 10.2% vs. 
29.3% (SG vs. BM)

Lau et al55 2005 RS NA 16 90% 13% NA Dacron stent graft (PET)

Barrio et al56 2005 RS 50 20 >90% Similar Similar 0% dysfunction at 12 mo (vs. 82%); dysfunction 
defined as PPG > 12 mm Hg

Tripathi et al43 2006 RS 316 157 92% 22% Similar Shunt insufficiency defined as PPG > 12 mm Hg or 
> 20% of immediate post-TIPS value or radiologic 
evidence of shunt occlusion

Jung et al27 2009 RS 41 40 38% Similar Similar Only 3-mo patency rates were statistically different 
(94% vs. 63%), survival difference in ascites group 
(87% vs. 45%)

Garcia-Pagan et al40 2010 RCT 31 (drugs 
+ EBL)

32 NA 28% 86% 1-y free of failure to control bleeding and rebleeding: 
97% vs. 50% (TIPS vs. drugs)

*Data presented are at 1 year unless otherwise specified in the comments section.
BM: bare metal, CS: case series; EBL: endoscopic band ligation; HEN: hepatic encephalopathy; NA: not studied or assessed; PET: polyethylene 
terephthalate; PPG: portosystemic pressure gradient; PV: portal vein; RCT: randomized controlled trial; RS: retrospective; SG: stent graft (covered 
stents); TIPS: transjugular intrahepatic shunt.

Although there are only a minimal number of RCTs comparing 
stent grafts with BMS, the results of these trials are concordant 
with earlier retrospective studies (▶ Table 21.1). The clinical 
study performed for PMA (premarket approval) by the FDA of the 
VIATORR device for TIPS was a multicenter RCT with 253 subjects 
who underwent de novo TIPS procedure with either VIATORR 
or a commercially available bare-metal endoprosthesis (Boston 
Scientific Wallstent). Variceal bleeding was the primary indica-
tion in 35% to 36% of these patients. Primary patency success was 
defined as portosystemic pressure gradient (PSG) of less than  
12 mm Hg and percent diameter stenosis less than 50%. At  
6 months, primary patency rates were 60% and 22.7% for the 
VIATORR and control group, respectively. There was no signif-
icant difference between time to return of symptoms, but the 
VIATORR group had significantly fewer shunts with stenosis 
and reduced need for shunt revisions.28 Bureau et al performed 
a smaller RCT with 80 patients that also demonstrated better 
patency, less reintervention, decreased encephalopathy, and 
similar long-term survival with TIPS stent grafts.29,30 Primary 
patency of covered and BMS groups were 86% and 47%, respec-
tively, at 1 year, and 80% and 19% at 2 years. A more recent 
meta-analysis by Yang et al also confirmed previous reports 

and indicated a trend toward better survival with PTFE stent 
grafts.31

Current Practice Guidelines
It is clear that ePTFE-covered stents are superior to their bare-
metal precursors. The convincing data led the American Associ-
ation for the Study of Liver Diseases to update their TIPS practice 
guidelines in 2009 to recommend the use of stent grafts for TIPS.33

Primary Prevention of Variceal Bleeding
It is well known that the standard of care for primary prevention 
of variceal bleeding remains β-blockers because surgical shunts 
or TIPS pose significant incremental risks.33 No studies have been 
completed to assess the efficacy of TIPS for primary prevention.

Acute Bleeding
Acute hemorrhage from ruptured varices represents a clini-
cal emergency. If not adequately treated, the mortality rate can  
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approach 80%.34 Patients must be immediately stabilized and 
treated with pharmacologic therapy and ET. Spontaneous 
hemostasis only occurs in 50% of patients.35 If bleeding persists 
despite initial therapy, emergent TIPS is recommended for portal 
decompression. The effectiveness of TIPS in controlling refrac-
tory bleeding is tempered by a high mortality rate. The urgency 
of the procedure along with the worse clinical status of patient 
(model for end-stage liver disease [MELD] score, Acute Physiol-
ogy and Chronic Health Evaluation [APACHE] II score, and Child-
Pugh class) account for this higher mortality. Specifically, Child-
Pugh class C; elevated hepatic venous pressure gradient (HPVG, 
greater than 20 mm Hg); hemodynamic instability; and other 
comorbidities such as heart failure, sepsis, and multiorgan failure 
contribute to poor outcomes.36,37 Vangeli et al compiled data from 
15 studies in which TIPS was used to control refractory bleeding. 
Immediate control was achieved in 94% with rebleeding seen in 
12%, but the mortality rate was high at 6 weeks, approaching 36% 
to 50%.38 A large case series published by Gazzera et al further 
supported this high first month mortality rate seen in emergent 
TIPS patients. These investigators correlated mortality to Child 
class C, elevated creatinine and prolonged prothrombin time and 
not to TIPS technique.34

Early TIPS
More recent studies have challenged the notion of waiting for 
medical and endoscopic failure before initiating TIPS. The idea 
of “early” TIPS performed within 24 to 72 hours of a sentinel 
bleed was first described by Monescillo et al in 2004. They per-
formed an RCT on 116 patients with acute variceal bleeding and 
stratified the patients into low- and high-risk groups for uncon-
trolled bleeding or rebleeding based on HPVG (greater than  
20 mm Hg considered high risk). Among the high-risk group, they 
randomly allocated one group to receive TIPS within 24 hours 
and one group to receive continued medical therapy (n = 26 for 
both groups). Patients receiving TIPS had fewer treatment failures 
(12% vs. 50%), reduced transfusional requirements (2.2% vs. 3.7%), 
decreased need for intensive care (3% vs. 16%), and lower 1-year 
mortality rate (31% vs. 65%).39 Of note, the Monescillo et al trial 
did not use the current standard of care in the medical arm and 
used BMS for the TIPS group.

In 2010, Garcia-Pagan et al expanded on this paradigm of early 
TIPS by reporting an RCT with 63 patients comparing continued 
pharmacologic therapy and endoscopic band ligation (EBL) with 
TIPS with ePTFE stent grafts. Rather than using HPVG as a strat-
ification tool, this study used clinical status as inclusion criteria 
(Child-Pugh class C and class B with persistent bleeding at endos-
copy were included). The results of this study showed a higher 
1-year probability of successful control of bleeding and of variceal 
rebleeding for the TIPS group (97% and 50%). Even more signif-
icantly, the data indicated a higher 1-year survival rate for the 
TIPS group (86% vs. 61%).40 Interestingly, there was no statistical 
difference in hepatic encephalopathy between the two groups.

These data contrast previous studies mentioned earlier in the 
chapter that showed TIPS reduces rebleeding rate but without 
improving survival. These older studies led to the current recom-
mendations for TIPS as rescue or salvage therapy. Although these 
newer trials by Garcia-Pagan and Monescillo have smaller sam-
ple sizes, they may represent a paradigm shift in the treatment of 
patients with advanced liver disease as a result of improved shunt 

technology. TIPS could eventually be considered as adjuvant 
therapy as opposed to second line.

Gastric Varices
Gastric varices (GVs), although more rare than their esophageal 
counterparts, do represent a treatment challenge in patients with 
PHT. Approximately 10% to 36% of variceal hemorrhage cases 
arise from GVs.41 These varices may have a lower overall bleeding 
risk than esophageal varices, but they can bleed more profusely 
and be more difficult to control after hemorrhage occurs.41,42

The use of TIPS to control rebleeding from these varices has 
been shown to be effective in a few small series.41–44 In 1998, Chau 
et al reported the first series analyzing the effectiveness of TIPS 
in treating GV. This retrospective study analyzed 112 patients (84 
with esophageal varices [EV], 28 with GV) receiving emergency 
TIPS. There were no significant differences between the groups 
in regard to disease severity, bleeding, portal hemodynamics, 
or mortality.41 Rees et al reported similar clinical results in a 
retrospective study of 64 patients (52 with EV and 12 with GV) 
undergoing emergency TIPS. This study also found no difference 
in portosystemic pressure gradients (PPGs) between the two 
types of varices, challenging the notion that GV bleed at lower 
pressures.42 Tripathi et al supported the previous studies in their 
retrospective trial of 272 patients (232 with EV and 40 with GV); 
however, they reported a significantly lower mortality rate in 
the GV group (30.7% vs. 38.7% at 1 year and 49.5% vs. 74.9% at  
2 years), which they attribute to lower overall PPG (unlike Rees 
et al’s study).43 Lo et al performed an RCT comparing cyanoacr-
ylate glue via endoscopy (n = 37) and TIPS (n = 35) in the treat-
ment of bleeding GVs. TIPS was shown to have less rebleeding 
(11% vs. 34%) but similar frequencies of complications and sur-
vival.45 Despite the limited data, TIPS remains an important treat-
ment modality for GV, although the amount of decompression 
needed may be lower compared with EV.

A newer treatment modality for GV is the use of balloon-
occluded retrograde transvenous obliteration (BRTO). This proce-
dure is the treatment of choice in many institutions in Japan in 
patients with GVs and a gastrosystemic shunt. Data are limited to 
a few small case series, but it may be a viable option for patients 
who are not good TIPS candidates or those with isolated GVs and 
splenic vein thrombosis.46 Further discussion is beyond the scope 
of this chapter; please see Chapters 28 to 31 of this book.

Ectopic Varices
Ectopic varices (EcV) are rare but can cause up to 5% of variceal 
bleeding and be very difficult to treat.47,48 Locations of these varices 
include the small bowel, rectum, stomas, umbilicus, retroperito-
neum, and nearly anywhere else along the gastrointestinal tract.48 
A few series of analyzing the use of TIPS in refractory ectopic bleed-
ing have been reported.47,49,50 Kochar et al performed the largest, 
single-center retrospective study and indentified 28 patients with 
EcV treated with TIPS (eight of the 28 received VIATORR stents 
with the remaining receiving BMS; these groups were not ana-
lyzed separately). Six of nine patients who underwent emergency 
TIPS for acute bleeding achieved hemostasis. A 21% rebleeding 
rate at a median duration of 101 days was reported. Cumula-
tive survival rates were 81%, 72%, and 61% at 1, 3, and 6 months, 
respectively.47 Interestingly, this study did show that three of the 
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patients did have recurrent bleeding despite a functioning, patent 
stent. The authors hypothesized that EcVs have larger diameters 
than EVs, which leads to increased wall tension by LaPlace’s law 
and therefore higher chances of rebleeding. TIPS remains a viable, 
first-line option for acute and chronic treatment of bleeding EcVs, 
especially when the location is inaccessible by endoscopy.

Variceal Embolization
Variceal embolization (VE) has been used to control bleeding 
even before the use of TIPS became widespread.51,52 Currently, is 
it used alongside TIPS to help prevent rebleeding, especially in 
the acute setting. Tesdal et al performed a nonrandomized, pro-
spective trial of 95 patients to compare TIPS alone (n = 42) with 
TIPS plus VE (n = 53). BMS were used for TIPS, and VE was per-
formed when varices continued to fill and PPG was greater than 
12 mm Hg using sclerosing agents and coils. The 2- and 4-year 
rates of patients free of rebleeding were 61% and 53% in the TIPS-
only group and 84% and 81% in the VE group, respectively. There 
was no statistical difference between the groups in terms of sur-
vival; however, the authors noted a potential survival benefit after  
48 months of treatment in the VE group.53 Several years later, 
Gaba et al performed a retrospective study that also compared 
TIPS alone (n = 37) with TIPS plus VE (n = 15), but these data 
were compiled using ePTFE stent grafts. In this study, VE was 
performed at the discretion of the operator based on the number 
and size of varices and degree of filling after TIPS placement. Coil 
embolization was used, and the two vessels included were the 
coronary vein or gastrosplenic varix. A total of 21.6% of the TIPS-
only patients rebled, but only 6.7% of the VE patients rebled dur-
ing median follow-up periods of 199 and 252 days, respectively. 
Notably, this difference was not statistically significant. However, 
in patients who presented with emergent hemorrhage, a statis-
tical significance in rebleeding rates was seen between the two 
groups (25% in the TIPS-only and 0% in the VE group).54

The data for concomitant VE during TIPS is not overwhelmingly 
powered, but it does warrant further large-scale prospective 
studies. VE remains an important treatment option in patients 
with severe variceal bleeding and can be used on a case-by-case 
basis.

Conclusion
The use of TIPS for variceal bleeding has clearly evolved since its 
inception. Once considered only as salvage therapy or a bridge to 
transplantation, it now has a growing role in preventing rebleed-
ing. More data are needed to compare new stent grafts with cur-
rent endoscopic techniques, but the initial results are promising 
especially in patients with more severe liver disease (Child class B 
or C; elevated MELD score).39,40 TIPS also serves an important role 
in controlling acute bleeding refractory to medical therapy and  
preventing rebleeding in gastric and EcVs. Patients with PHT 
and  its sequelae will continue to benefit from our investigation 
and understanding of TIPS and other treatment modalities.

Clinical Pearls
•	 Approximately 50% of patients with cirrhosis have gastroe-

sophageal varices at the time of diagnosis.

•	 When bleeding occurs, patients have an 80% chance of 
rebleeding within 1 year and a mortality rate of bleeding 
episodes approaching 33%.

•	 The effectiveness of TIPS in controlling refractory bleeding in 
the acute or emergent setting is tempered by a high mortal-
ity rate.

•	 No studies have been completed to assess the efficacy of TIPS 
for primary prevention. TIPS remains for use as a secondary 
prevention.

•	 ePTFE-covered stents are clearly superior to their bare-
metal precursors from a patency standpoint and may have 
improved patient survival rates.

•	 Recent studies with small sample sizes in very selected 
groups of patients show reduced rebleeding and improved 
survival for patients undergoing TIPS versus those 
managed with combined pharmaceutical and endoscopic 
therapy.

•	 TIPS could eventually be considered as adjuvant therapy as 
opposed to second-line therapy.

•	 TIPS remains an important treatment modality for GVs, 
although the amount of decompression needed may be lower 
compared with EVs.

•	 BRTO is the treatment of choice in many institutions in Japan 
in patients with GVs and a gastrosystemic shunt.

•	 The data for concomitant variceal embolization during TIPS 
is not overwhelmingly powered, but it does warrant further 
large-scale prospective studies. VE remains an important 
treatment option in patients with severe variceal bleeding 
and can be used on a case-by-case basis.
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Chapter 22: Transjugular Intrahepatic Portosystemic Shunts 
for Ascites and Hepatic Hydrothorax: Results of Clinical Studies
Jeanne M. LaBerge, Kanti Pallav Kolli, and Robert K. Kerlan Jr.

Introduction
The transjugular intrahepatic portosystemic shunt (TIPS) proce-
dure is a useful treatment option in the management of patients 
with ascites caused by liver disease. Indeed, at tertiary referral 
centers with active liver transplantation programs, refractory 
ascites may be the most common indication for TIPS.1 Yet ascites 
remains a controversial indication for TIPS, and this procedure is 
less commonly performed outside of tertiary referral centers or 
in patients who are not candidates for liver transplantation. This 
chapter reviews the current approach to TIPS for ascites with an 
emphasis on the evidence to support the use of TIPS in patients 
with refractory ascites.

Ascites by definition is the accumulation of more than 25 cc of 
fluid in the peritoneal cavity. Ascites is characterized by amount 
according to grade as follows: grade 1 is minimal fluid detectable 
by ultrasonography only, grade 2 is moderate fluid usually detect-
able on physical examination and symptomatic, and grade 3 is 
severe or tense ascites.2 Although there are many causes of ascites, 
in the United States, more than 85% of patients with ascites have 
an underlying cause related to liver dysfunction. Because the eti-
ology of liver disease in the context of ascites is usually cirrhosis, 
we refer in this chapter chiefly to “cirrhotic ascites.” But it is well 
to keep in mind that, uncommonly, ascites may be the sequelae of 
noncirrhotic liver disease such as Budd-Chiari syndrome.

Cirrhotic ascites occurs in patients with portal hypertension 
(PHT). It is one of the four clinical manifestations of PHT, which 
include variceal bleeding, ascites, hypersplenism, and enceph-
alopathy. However, the onset of ascites requires more than just 
elevation of portal pressure. Ascites develops in patients with PHT 
when arterial vasodilation results in a hyperdynamic circulation 
stimulating renal vasoconstriction and sodium retention.

Pathophysiology and Pressures
Therapies aimed at lowering portal pressure have long been 
known to ameliorate the clinical sequelae of variceal bleeding 
and ascites. For variceal bleeding, Garcia-Tsao et al3 have estab-
lished a clear threshold value below which variceal bleeding does 
not occur (hepatic venous pressure gradient [HVPG] <12 mm Hg). 
When the portal pressure is lowered below this threshold, bleed-
ing stops. However, the relationship of portal pressure to the 
occurrence of ascites is not so clear-cut. Although cirrhotic ascites 
is dependent on PHT, the exact threshold for its occurrence is not 
well established. Authors have suggested thresholds ranging from 
8 to 12 mm Hg.4,5 More important, the development of ascites 
is also due to two additional important factors, sodium balance 
and the hyperdynamic circulation.2,6 This means that therapeu-
tic interventions that lower portal pressure may not completely 
resolve ascites when the other two causes are not ameliorated.

Thus it is important to note from a pathophysiologic perspec-
tive that the effect of TIPS on patients with ascites is much less 
predictable than the effect of TIPS on patients with variceal bleed-
ing. Moreover, although the effect of TIPS on variceal bleeding is 

immediate and bleeding usually stops within days, the effect of 
TIPS on ascites may take months to 1 year to show full effect. 
Because this is a fairly long time interval, the patient’s behavior 
during this interval may influence results. In particular, noncom-
pliance with a sodium-restricted diet or lack of abstinence from 
alcohol may influence the outcome of TIPS in follow-up.

In the early 1990s, numerous clinical trials were conducted 
to evaluate the use of TIPS for patients with variceal bleeding. 
In many of these trials, it was observed that some patients who 
also had ascites responded well to TIPS. But the response was not 
predictable. By the mid-1990s, numerous investigators began to 
more carefully study the effect of TIPS in patients with ascites 
who did not have variceal bleeding. In general, investigators pos-
tulated that TIPS would be as effective as a surgical side-to-side 
portocaval at treating ascites but hopefully with less upfront 
operative morbidity and mortality.

Before discussing TIPS outcomes in greater detail, it is worth-
while to review general approaches to the treatment of ascites 
and some definitions. Readers can find a more comprehensive 
coverage of current management strategies in the American 
Association for the Study of Liver Diseases (AASLD) Guidelines 
just updated in 20137,8 and the European Association for the Study 
of the Liver (EASL) Guidelines.9

Treatment Options
First-Line Therapy
After a diagnosis of cirrhotic ascites is secured by analysis of the 
ascitic fluid, dietary salt restriction (<2000 mg/day of sodium) 
is the initial treatment. For patients with grade 2 or 3 ascites, if 
sodium restriction alone fails to control ascites, then diuretics are 
initiated. Spironolactone, an aldosterone antagonist, is initiated 
at a dosage of 100 mg/day and can be increased to a dosage of 
400 mg/day. Loop diuretics such as furosemide are added up to a 
dosage of 160 mg/day as necessary.6

Patients on diuretic therapy for ascites are monitored carefully 
for electrolyte abnormalities and renal failure. Complications of 
diuretics include hyponatremia (serum sodium <120 mmol/L), 
hypo- or hyperkalemia (K <3 mmol/L or >6 mmol/L), and renal 
failure (increase in creatinine by 100% to a value >2 mg/dL). 
Approximately 5% to 10% of patients with ascites cannot be 
adequately managed with diuretics and salt restriction.2

Second-Line Therapy
Patients whose ascites does not respond to maximal diuretic 
therapy or that recurs rapidly are deemed to have “refractory 
ascites,” and such patients are candidates for second-line therapy. 
As well, patients who have a clinically significant complication 
from diuretics such as renal impairment or hyponatremia are also 
candidates for second-line therapy.

Second-line treatment options include large-volume paracen-
tesis (LVP), TIPS, and peritoneovenous shunts. Peritoneovenous 

IRBK003-CH22_p192-198.indd   192 5/24/17   4:01 PM



Chapter 22: Transjugular Intrahepatic Portosystemic Shunts for Ascites and Hepatic Hydrothorax

193

shunts have largely been abandoned because of their poor patency 
and high morbidity. This procedure is now only performed when 
the other second-line therapies are not possible and transplanta-
tion is not feasible.6

Large-volume paracentesis is defined as removal of more than 
5 L of ascites.2,7 In this procedure, all abdominal ascites is usually 
removed (i.e., total paracentesis), and albumin is infused intrave-
nously (8 g albumin per liter of fluid removed) to minimize the 
circulatory effects of the procedure. LVP may be performed every 
2 weeks. If LVP is needed more often than every 2 weeks, patients 
are probably not adhering to sodium restriction.

TIPS has been performed widely throughout the world since 
the early 1990s, and the technique is well established. Briefly, 
a needle is advanced from the hepatic vein into the portal vein 
(PV), and a channel is created to decompress the PV. The channel 
is lined by a metal stent to maintain patency. The desired portal 
pressure gradient after shunt formation is 8 to 12 mm Hg. How-
ever, the precise post-TIPS pressure gradient cannot usually be 
accurately controlled prospectively by the operator.

It is important to recognize that a significant modification in 
TIPS technique occurred in the early 2000s. Most of the clini-
cal trials that are summarized in this chapter were carried out 
before that time using “bare-metal” TIPS. But in the early 2000s, 
the polytetrafluoroethylene (PTFE)-covered stent was introduced 
for TIPS, and this innovation has resulted in significant improve-
ments in patency. Another potential difference between bare-
metal TIPS and covered TIPS is that with covered stent TIPS, the 
stent extends all the way into the inferior vena cava, and most 
operators measure postprocedure gradient from the PV to the 
right atrium.

Results of Clinical Studies: TIPS for 
Refractory Ascites
Outcome Variables
The endpoints of interest in evaluating patients treated by TIPS 
for refractory ascites are:
•	 The amount of ascites: This result is most often treated as a 

categorical variable with three categories, complete resolution, 
improvement, or no improvement.

•	 Survival: This endpoint is calculated using actuarial analysis 
either up to time of transplantation (transplant-free survival) 
or including transplantation (overall survival).

•	 Complications: Encephalopathy, variceal bleeding, spontane-
ous bacterial peritonitis (SBP), renal failure, liver failure

•	 Quality of life and cost
Because patients treated for refractory ascites generally have 

more severe liver disease than those treated for variceal bleeding 
alone, survival is a particularly important endpoint. In general, 
the development of ascites in patients with cirrhosis confers a 
poor prognosis with a 1-year survival rate of 85% dropping to 50% 
at 2 years.6 The development of refractory ascites confers an even 
worse prognosis.

The most significant complications from TIPS performed to 
treat refractory ascites in most published trials are encephalop-
athy and liver failure. Encephalopathy is the most frequent seri-
ous complication. Liver failure is the most serious complication 
and one that can precipitate the need for liver transplantation.

Indications and Contraindications
The indications and contraindications for TIPS in the setting of 
refractory ascites are shown in ▶ Table 22.1.

Prospective Cohort Trials: TIPS for 
Ascites
During the first decade of TIPS research in the 1990s, a number 
of cohort series focused on the use of TIPS to control ascites. 
The results of nine of these studies10–18 are summarized in 
▶ Table 22.2. Note that in these uncontrolled studies, improve-
ment in ascites varied widely (47% to 97%) as did the severity 
of liver disease in the patient populations studied with the per-
centage of patients with severe liver disease (Child’s class C) 
ranging from 41% to 75%.

Careful study of the effects of TIPS on patients with ascites 
has shown that urinary sodium excretion and serum creatinine 
improve steadily within 4 weeks of the procedure and can nor-
malize in 6 month to 1 year of the procedure.1 As well, the circu-
latory dysfunction that accompanies PHT is ameliorated by TIPS, 
thus improving ascites. Detailed studies evaluating nutritional 
status after successful TIPS have shown positive improvement in 
nitrogen balance, dry weight, and total body fat.19–21 These benefi-
cial effects can lead to improved quality of life.

Table 22.1  Indications and Contraindications for Transjugular 
Intrahepatic Portosystemic Shunt to Treat Ascites

Indications
  •  Refractory ascites
  •  Diuretic refractory ascites
  •  Complications of LVP
  •  Hepatic hydrothorax

Contraindications
  •  Absolute
    •  Uncontrolled encephalopathy
    •  Congestive heart failure (ejection fraction <50%)
    •  Severe pulmonary artery hypertension
    •  Unrelieved biliary obstruction

  •  Relative
    •  Age older than 70 years
    •  Severe liver dysfunction (bilirubin > 5 mg/dL, CP > 12, MELD score >18)
    •  Significant encephalopathy
    •  INR > 2

CP: Child-Pugh score; INR: international normalized ratio; LVP: large-
volume paracentesis; MELD: model for end-stage liver disease.

Table 22.2  Transjugular Intrahepatic Portosystemic Shunt for Ascites: 
Early Cohort Studies10–18

Studies (n) 9

Patients (n) 295

Mean follow-up time 6–17 months

Technical success rate (%) 93–100

Ascites improvement rate (%) 47–96

Child’s C disease (%) 14–90

1-year survival rate (%) 41–75
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A typical example of a successful TIPS performed to treat refrac-
tory ascites is shown in ▶ Fig. 22.1.

Randomized Trials: TIPS versus  
Large-Volume Paracentesis
Because the initial cohort study results were quite heterogene-
ous, largely because of variations in the patient populations stud-
ied, there was no consensus among experts on the role of TIPS in 
the management of patients with refractory ascites. Randomized 
controlled trials (RCTs) have been conducted in an attempt 
to more accurately distinguish the differences in outcome of 
the two second-line therapies—TIPS and LVP—for refractory  

Fig. 22.1  Transjugular intrahepatic portosystemic shunt (TIPS) for refractory ascites. A 62-year-old man with cryptogenic cirrhosis and esophageal 
varices presented with ascites refractory to diuretic therapy. Despite large-volume paracenteses up to twice weekly, he developed leakage of ascitic fluid 
from an umbilical hernia (Flood syndrome), and a TIPS procedure was performed. In follow-up, leakage from the umbilical hernia ceased, the patient 
lost 40 to 50 lbs. in the ensuing year, and ascites was well controlled with diuretics. (a) Transjugular portal venogram before TIPS completion showing 
portal hypertension with hepatofugal flow in splenic and inferior mesenteric veins and filling of coronary vein and recanalized umbilical vein. Pre-TIPS 
portosystemic gradient (PSG) was 15 mm Hg. (b) Post-TIPS venogram demonstrating portal decompression. Note the use of a VIATORR-covered stent. 
Post-TIPS PSG was 7 mm Hg.

ascites. The results of the first five of these RCTs22–26 are shown 
in ▶ Table 22.3.

Of note, the patient populations studied in these RCTs were 
carefully controlled but different in each trial. In the majority of 
the studies, patients with advanced liver disease were excluded 
(bilirubin >3–5 mg/dL) as were patients with significant enceph-
alopathy (grade 2 or refractory). In these studies, only 40% to 
60% of the patients screened were enrolled in the study. Also of 
note, these five studies spanned a wide time period from 1996 to 
2004. Technical success varied from 77% to 100%. During most of 
this period, the TIPS procedure was performed with bare-metal 
stents, and consequently secondary patency rates were fairly low, 
ranging from 46% to 93%.

Table 22.3  Randomized Controlled Trials: Transjugular Intrahepatic Portosystemic Shunt versus Large-Volume Paracentesis for  
Refractory Ascites

Authors, year
Patients 

(n)

Tx-Free Survival Ascites Improvement Encephalopathy TIPS Technical 
Success (%)

TIPS Assisted 
Patency (%)%TIPS %LVP %TIPS %LVP %TIPS %LVP

Lebrec et al, 1996 25 29 56 38 0 15 6 77 46

Rossle et al, 2000 60 58 32 79* 24* 23 13 100 93

Gines et al, 2002 70 26 30 51* 17* 60* 34* 97 91

Sanyal et al, 2003 109 35 33 58* 16* 38 21 94 NA

Salerno et al, 2004 66 59* 29* 79* 42* 61 39 89 82

*Statistically significant difference.
LVP: large-volume paracentesis; TIPS: transjugular intrahepatic portosystemic shunt; Tx: treatment.
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Outcomes
Reduction in Ascites
In all five studies, TIPS was shown to be superior to LVP in control 
of ascites. The percentage of patients with improved ascites after 
TIPS ranged widely from 38% to 84% and those improved with LVP 
ranged from 0 to 43%.

Encephalopathy
In all five studies, encephalopathy was worse in the TIPS patients 
(15% to 61%) than in the LVP patients (6% to 39%).

Survival
Survival over the period of follow-up in these studies was not 
significantly different in the two groups in all but one study 
(TIPS: 29% to 59%; LVP: 29% to 60%). It is interesting to review 
the results of these studies with respect to publication date. 
The earliest study by Lebrec and colleagues22 published in 1996 
appears to be an outlier possibly because of the early nature of 
the investigation. The authors showed very poor results with 
TIPS, and this is the only study demonstrating a survival supe-
riority with LPV. However, the technical success reported in 
this study (77%) is markedly lower than that demonstrated in 
the other four studies. As well, in the Lebrec study patency was 
only 46%.

Meta-Analyses of Randomized 
Controlled Trials
Based on these five RCTs, the role of TIPS compared with LVP 
continued to be uncertain. Although TIPS was more effective at 
control of ascites, TIPS appeared to be associated with a greater 
risk of encephalopathy. Accordingly, many experts and guidelines 
continued to recommend LVP over TIPS.

Meta-analyses have been performed to more closely eval-
uate the results of these five studies and to identify patient 
subgroups that are more likely to benefit from TIPS.27–30 One 
problem with pooling the five studies for the purpose of 
meta-analysis is heterogeneity of data and differences in end-
point definitions. For example, in terms of screening, although 
in four studies,22,23,25,26 40% to 60% of screened patients were 
enrolled, in the Sanyal North American Study for the Treatment 
of Ascites (NASTRA) study24 only 21% of screened patients were 
enrolled. Such degree of patient exclusion during screening 
brings into question selection bias and compromises the wide-
spread applicability of the pooled results.

Heterogeneity in data has been accounted for in some of these 
meta-analyses using statistical modeling and reassessment of the 
raw results. D’Amico and colleagues27 noted that heterogeneity in 
survival results can be eliminated by removing the Lebrec study 
from the analysis. When looking at the remaining four studies 
only, D’Amico found that survival significantly favored TIPS.

In another attempt to overcome study heterogeneity, Salerno 
and colleagues31 performed a data analysis using individual patient 
data rather than pooling study results. Looking at transplant-free 
survival at 1 and 2 years, Salerno found a survival advantage in 
the TIPS patients. This was true even in patients with severe liver 
disease (model for end-stage liver disease [MELD] score, 10–20).

Complications
In addition to encephalopathy, the three most common compli-
cations seen in the patients with refractory ascites were gastro-
intestinal bleeding, SBP, and renal failure. In a meta-analysis of 
the complications from the RCTs based on individual patient data, 
Salerno et al31 found that the overall rate of PHT-related compli-
cations was lower in the TIPS group than in the LVP group (15% 
vs. 28%; P = 0.05).

Overall Efficacy for Management 
of Ascites
Overall one may expect that 68% to 76% of patients treated by TIPS 
for refractory ascites will have a complete or partial response. In 
an analysis of 16 cohort studies, Russo and colleagues32 noted on 
average 51% complete and 68% complete or partial response. In the 
five randomized trials described, a mean positive response after 
TIPS was observed in 76% of patients. Whereas 42% of patients 
treated by TIPS eventually required LVP for tense ascites, 89% of 
those treated with LVP required repeat LVP for tense ascites.

Current Ongoing Studies
Because of the promising results published by Salerno et al showing a 
survival advantage of TIPS in the meta-analysis of individual patient 
data, there is enthusiasm for evaluating TIPS versus LVP in the era of 
covered stents. The improved patency afforded with covered stents 
may tip the balance in favor of TIPS. An industry-sponsored trial is 
currently underway in which 250 patients will be randomized to 
TIPS or LVP. Of note, the inclusion criteria for the ongoing trial are 
less strict than prior RCTs, and the study aims to evaluate TIPS when 
performed early after the diagnosis refractory ascites.

TIPS for Hepatohydrothorax
Hepatohydrothorax is an indication for TIPS that bears separate dis-
cussion because of the unique presentation of these patients and 
their limited treatment options. By definition, hepatohydrothorax 
is the accumulation of at least 500 cc of fluid in the pleural space in 
patients with cirrhosis who do not have any other cause for pleural 
effusion such as primary cardiac, pulmonary, or pleural disease.33 
Effusions are transudative and demonstrate laboratory charac-
teristics similar to cirrhotic ascites in the abdomen. Hydrothorax 
occurs in patients with congenital or acquired rents or defects in 
the diaphragm. Abdominal ascites pass through such defects into 
the chest. The pleural fluid is most commonly localized to the right 
chest (80%) but may also occur on the left side only (17%) or bilater-
ally (3%). Interestingly, approximately 20% of patients with hydro-
thorax do not have detectable abdominal ascites.

Patients usually present with shortness of breath, and the 
diagnosis is secured by diagnostic thoracentesis. Pleural fluid is 
evaluated to determine if it is a transudate. It is also analyzed for 
infection because SBP may also affect the pleural fluid.

Hepatohydrothorax is observed in 5% to 10% of patients with 
cirrhotic ascites, and the initial treatment is salt restriction and 
diuretics.33 Few effective options are available to treat patients 
who are refractory to medical management. Thoracentesis with 
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refractory hepatohydrothorax. Initially, after 1 month, 79.4% of 
patients responded to TIPS: 58.9% experienced complete reso-
lution, and 20.5% had a partial response. After 6 months, 75% of 
patients demonstrated a persistent response (60% complete; 15% 
partial). Despite this good response to therapy, the overall sur-
vival rate at 1 year was only 48%, reflecting the severity of the 
underlying medical condition. As well, complications from the 
procedure were not insignificant. Fourteen patients died within 
30 days, 43% from liver failure, 29% from respiratory distress, and 
14% from renal failure. The major long-term complications were 
encephalopathy (15%) and infection (8%).

An example of a typical successful TIPS in a patient with hepa-
tohydrothorax is shown in ▶ Fig. 22.2. A rare example of reex-
pansion pulmonary edema after total thoracentesis before TIPS is 
shown in ▶ Fig. 22.3.

In sum, TIPS appears to be the treatment of choice for patients 
with refractory hepatohydrothorax, but as with TIPS for ascites, 
the procedure is contraindicated in those with uncontrolled 
encephalopathy and should be used sparingly in patients with 
advanced liver dysfunction.

Conclusion
Several conclusions are warranted based on the clinical data pub-
lished to date. TIPS is an important second-line treatment for 
patients with ascites refractory to sodium restriction and diuret-
ics. At present, guidelines in the United States and in Europe sup-
port the use of TIPS as second-line therapy but only after failed 
LVP in most cases. Meta-analysis of individual data from five RCTs 
comparing TIPS and LVP for management of refractory ascites 
suggests a trend toward improved survival with TIPS. If these data 
are borne out by ongoing prospective trials using covered stents, 
then TIPS may supplant LVP as a second-line therapy in patients 
without contraindication to the procedure. Hepatohydrothorax is  
a special subset of ascites in which TIPS is indicated to treat symp-
tomatic patients refractory to medical management. Although 
improvement in symptoms can be expected in 75% of patients, 
overall survival may be limited by the severity of the underlying 
disease and approaches 50% at 1 year.

Table 22.4  Transjugular Intrahepatic Portosystemic Shunt for Ascites: 
Early Cohort Studies

Authors, year
Patients 

(n)
% 

Response
%  

Total
% 

Partial

Gordon et al, 1997 24 78 58 20

Siegerstetter et al, 2001 40 82 71 11

Spencer et al, 2002 21 74 63 11

Dhanasekaran et al, 2010 73 75 60 15

Fig. 22.2  Transjugular intrahepatic portosystemic shunt (TIPS) for hepatohydrothorax. A 54-year-old woman with primary biliary cirrhosis, ascites, and 
hepatohydrothorax developed renal insufficiency on diuretic therapy and required frequent paracentesis and thoracentesis. TIPS was performed. Ascites 
and hepatohydrothorax were subsequently controlled with diuretics. (a) Chest radiograph before TIPS showing a large right pleural effusion with shift 
of the mediastinum to the left. (b) Transjugular portal venogram before TIPS completion showing portal hypertension. Pre-TIPS portosystemic gradient 
(PSG) was 33 mm Hg. (c) Post-TIPS venogram demonstrating portal decompression. Post-TIPS PSG was 17 mm Hg.

removal of 1 to 2 L of fluid can be performed, but repetitive thora-
centesis is an uncomfortable prospect for patients and is not as 
well tolerated as serial abdominal LVP. Generally, a limit of 1 to 
2 L is recommended per thoracentesis procedure to minimize the 
occurrence of reexpansion pulmonary edema.34 However, some 
authors do not agree with this “2-L rule” and recommend that a 
total thoracentesis be performed.33

Surgical attempts at obliterating the pleural space via video-as-
sisted thoracoscopic surgery (VATS) pleurodesis and/or repair of 
diaphragmatic defects have been associated with a low success 
rate and high morbidity. Surgical morbidity may be as high as 57% 
for diaphragmatic repair. Talc pleurodesis performed during VATS 
may only be successful in approximately 50% of cases.33

Given the paucity of effective treatment options, TIPS appears 
to be an attractive therapy for the management of hydrothorax. 
One might expect that TIPS would improve or eliminate hydro-
thorax with the same efficacy as is seen when the procedure is 
performed for refractory abdominal ascites.

Data on TIPS for hydrothorax come only from cohort studies. 
Because there is no other effective therapy, an RCT is not possi-
ble. Results of the four largest cohort studies35–38 are summarized 
in ▶ Table 22.4. Improvement was observed in 74% to 82% with 
complete resolution in 58% to 71%. Note that TIPS in three of these 
four studies was performed before the era of covered stents, and 
consequently, the rate of shunt stenosis was high—50% at 1 year 
in the Siegerstetter series.36

The largest cohort series by Dhanasekaran et al38 bears fur-
ther comment. Seventy-three patients were treated by TIPS for 
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Fig. 22.3  Reexpansion pulmonary edema, a complication of large-volume thoracentesis. A middle-aged man with cirrhosis and a large right pleural 
effusion underwent thoracentesis before transjugular intrahepatic portosystemic shunt (TIPS). All of the pleural fluid was drained. After the procedure, 
he developed marked shortness of breath and signs and symptoms of reexpansion pulmonary edema. Increased right atrial pressures after TIPS may 
have also contributed to the pulmonary compromise. (a) Chest radiograph before TIPS demonstrating a large right pleural effusion. (b) Chest radiograph 
after total thoracentesis before TIPS. (c) Chest radiograph after TIPS showing unilateral pulmonary edema. (d) Chest radiograph 24 hours later showing 
bilateral pulmonary edema.

Clinical Pearls
•	 TIPS is an important second-line treatment for patients with 

ascites refractory to sodium restriction and diuretics.
•	 At present, guidelines in the United States and Europe support 

the use of TIPS as second-line therapy but only after failed LVP 
in most cases.

•	 RCTs comparing TIPS and LVP for management of refractory 
ascites suggests a trend toward improved survival with TIPS.

•	 If improved patient survival TIPS compared with LVP is con-
firmed, then TIPS may supplant LVP as a second-line therapy.

•	 Hepatohydrothorax is a special subset of ascites where TIPS is 
indicated to treat symptomatic patients refractory to medical 
management.

•	 Unlike ascites, although improvement in hepatohydrothorax 
symptoms can be expected in 75% of patients, overall survival 
may be limited.
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Chapter 23: The Transjugular Intrahepatic Portosystemic 
Shunt as a Prelude to and After Liver Transplantation
Bill S. Majdalany and Wael E.A. Saad

Introduction
Transjugular intrahepatic portosystemic shunt (TIPS) is an artifi-
cial conduit between the systemic and portal venous systems. This 
percutaneous procedure is commonly performed in patients with 
portal hypertension (PHT) for the management of variceal hem-
orrhage, refractory ascites, hepatic hydrothorax, and Budd-Chiari 
syndrome. TIPS creation has largely supplanted surgical portosys-
temic shunts for the decompression of PHT because it is less inva-
sive and can be placed in patients with advanced hepatic failure.1 
Although portosystemic shunts can mitigate the complications of 
PHT, they are not a definitive treatment of what is usually irre-
versible and progressive hepatic disease. Ultimately, liver trans-
plantation, if the patient is an appropriate candidate, is generally 
the optimal long-term therapeutic option. With respect to liver 
transplantation, TIPS has an additional major advantage over 
surgical portosystemic shunts, namely its wholly intrahepatic 
location and potential for en bloc removal with the native liver 
at the time of recipient hepatectomy. In contradistinction, sur-
gical portosystemic shunts such as the Warren shunt, Drapanas 
shunt, portocaval anastomosis, or splenorenal shunts and others 
all require additional surgery for their takedown or ligation.2

The demand for liver transplants has been consistent with approx-
imately 15,000 patients on the waiting list at any particular time. 
Given a slowly worsening donor shortage, median pretransplant wait 
times increased from 12.9 months in 2009 to 18.5 months in 2011, 
which may also increase rates of drop-off from the transplant list.3 
For these patients, TIPS routinely serves as “a bridge to transplanta-
tion,” ameliorating the symptoms and risk of PHT in the meantime.

Aside from the accepted indications of TIPS placement, sev-
eral studies have evaluated TIPS before transplantation, not as 
a temporizing measure for the management of portal hyperten-
sive sequela but as a pretransplant prelude with the premise that 
decompression of the portal circulation would decrease portosys-
temic collateral engorgement, resulting in a reduction of intraop-
erative bleeding during liver transplantation.2,4–22 However, these 
studies, mostly in the transplant literature, have been equivo-
cal from an intraoperative and posttransplant clinical outcome 
standpoint.

Additionally, TIPS creation in liver transplant recipients is 
equally worthy of discussion because there has been a debate 
about whether liver transplantation increases the technical diffi-
culty of the TIPS procedure. Several recent studies evaluating the 
outcomes of TIPS in liver transplant recipients are reviewed.23–30 
This chapter discusses the results of TIPS as a preoperative prelude 
to liver transplantation and the technical and clinical outcomes of 
TIPS in liver transplant recipients.

TIPS as a Preoperative Prelude to 
Liver Transplantation
Careful selection of liver transplant candidates and medical 
optimization of those at higher risk has been found to reduce 

hospital resource utilization and improve outcomes.31–33 Specif-
ically, intraoperative blood product administration serves as a 
surrogate marker directly related to hospital resource utilization 
and inversely related to clinical outcomes.2,31 Given that the typi-
cal liver transplant candidate has PHT, it follows that portal vein 
engorgement and increased portosystemic collateral flow are 
present. Redirecting portal venous flow through a shunt alters 
the pressure gradient across the portal system, thereby collapsing 
the portosystemic collaterals and presumably reducing the risk of 
intraoperative bleeding and use of blood products.

Before the improvements in endoscopic therapeutics and the 
development of TIPS, the complications of PHT were managed 
surgically. As TIPS began to be performed more commonly than 
surgical shunts, comparisons between orthotopic liver trans-
plants with surgical portosystemic shunts versus TIPS emerged. 
Patients with surgical portosystemic shunts have shunt reversal 
or take-down performed at the time of transplantation. However, 
because surgical shunts are often adhesed, discerning the surgi-
cal anatomy and performing the surgical dissection can be diffi-
cult. Ultimately, the higher operative complexity results in longer 
operative time, requiring more blood transfusions at transplanta-
tion and more hospital resources.

In comparison, TIPS has the potential for complete in situ 
removal with the recipient’s hepatectomy adding little techni-
cal complexity to the transplant surgery. However, it is notable 
that TIPS malposition or migration can complicate liver trans-
plantation. Multiple published cases have reported the presence 
of the TIPS stent in the inferior vena cava, right atrium, pulmo-
nary artery, extrahepatic portal vein, and superior mesenteric 
vein with or without vascular incorporation.34–44 Although these 
reports have noted a malpositioned TIPS stent, all technical surgi-
cal difficulties that were encountered were overcome. While the 
exact incidence is not accurately known, improvements in stent 
technology have decreased stent migration, and medical centers 
with greater expertise and higher volume of TIPS likely have 
fewer problems with accurate and appropriate placement. Gen-
erally, the placement of TIPS has become safer and more routine 
over time and should not preclude transplant listing or compli-
cate the transplantation, provided the availability of high quality 
preoperative imaging.45

Multiple comparative analyses between patients who have 
had a TIPS performed before liver transplant and patients who 
have not had a TIPS before liver transplant have been performed 
evaluating parameters such as intraoperative blood loss, recipi-
ent hepatectomy time, total operative time, patient survival, graft 
survival, postoperative complication rates, mean intensive care 
unit stay, and hospital stays.2,10,20–22,44,46–54 Across all parameters, 
in particular with respect to intraoperative transfusion of blood 
products, conflicting results have been published with no consist-
ent difference emerging. Saad and coworkers published the only 
study comparing adult right lobe living related liver transplants 
with or without intentional TIPS 48 to 72 hours before transplant 
surgery.2 This case-controlled retrospective study also showed 
no significant value in performing TIPS before living related liver 
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transplantation. However, the authors did conclude that TIPS may 
reduce the risk of poor outcomes in patients with high APACHE 
II (Acute Physiology and Chronic Health Evaluation II) scores and 
coagulopathy. 

Development of partial portal vein thrombosis is not uncom-
mon in patients with liver failure and may herald full portal vein 
thrombosis, which develops in up to 26% of patients awaiting 
liver transplant. Similar to portal venous engorgement, por-
tal vein thrombosis can technically complicate the transplant 
graft anastomosis and increase morbidity and mortality post-
transplant.55,56 In most clinical scenarios, anticoagulation is the 
mainstay of therapy for venous thromboses. However, patients 
with PHT have an elevated risk of life-threatening bleeding on a 
background of intrinsic liver dysfunction, which typically pre-
cludes this as a long-term therapeutic strategy. TIPS creation has 
been used to prevent complete portal venous thrombosis and 
to improve portal vein recanalization in both patients with and 
without cirrhosis.57,58 Additionally, D’Avola et al59 and Gaba et al60 
collectively documented 19 cases of partial portal vein throm-
bosis in patients who first underwent TIPS and then ultimately 
liver transplantation. None of the patients in these publications 
had residual thrombus at the time of transplant. In comparison, 
D’Avola et al noted that only 50% of the control group with partial 
portal vein thrombosis maintained portal patency until the time 
of transplant. Theoretically, clot resolution and portal patency 
may be attributable to the resultant improved anterograde flow 
dynamics. Although this has only been observed in a relatively 
small subset of patients, partial portal vein thrombosis may ulti-
mately represent an evolving indication for TIPS in pretransplant 
candidates.

TIPS in Liver Transplant Recipients
The first human liver transplant was performed in 1963, but 
1-year survival was not achieved until 1967. Cumulative improve-
ments and evolution of surgical techniques and medications have 
made the practice of liver transplantation more successful. Liver 
transplant recipients are living longer, and because of sheer lon-
gevity, there is a higher likelihood of developing primary allograft 
failure or recurrence of the initial underlying cause of their liver 
disease, most commonly hepatitis C. These two etiologies are 
the leading cause of recurrent PHT in liver transplant recipients 
who undergo TIPS, but in reviewing the published literature, the 
cause varies among institutions.23,24 In the United Sates, TIPS is 
performed in 1% to 4% of the liver transplant recipient popula-
tion.24,27,28 In three studies involving four institutions in the United 
States, a total of 81 liver transplant recipients underwent a TIPS 
procedure out of a total of 3785 liver transplant recipients (2.1%, 
n = 81 of 3785).24,27,28 Reversely, 5.5% of TIPS procedures per-
formed at two of these institutions were found to be in transplant 
recipients.24

Reports by Nolte et al61 of 1 patient (1998), Lerut et al26 of 
8 patients (1999), and Amesur et al25 of 12 patients (1999) were 
the initial publications on placement of TIPS after liver transplan-
tation. In total, these reports comprised 21 patients in whom the 
etiology of recurrent PHT was recurrent hepatitis C in 76% (16 of 
21 patients) and recurrent hepatitis B, recurrent primary biliary 
cirrhosis, hepatic veno-occlusive disease, and lymphoprolifera-
tive disease each in single cases. The etiology was not reported 

or was unknown in 1 patient. Refractory ascites or hepatic hydro-
thorax was the presenting symptom in 62% (13 of 21 patients), 
variceal hemorrhage in 33% (7 of 21 patients), and 1 case was per-
formed in the setting of redo biliary surgery.

In the years 2000 to 2009, six additional reports were pub-
lished comprising an additional 57 patients with the three larg-
est series by Kim et al27 of 11 patients, Choi et al30 of 18 patients, 
and Finkenstedt et al62 of 10 patients. Again, the predominant 
cause of recurrent PHT was recurrent hepatitis C in 53% (30 of 57 
patients), acute or chronic rejection and delayed graft function in 
16% (9 of 57 patients), hepatic veno-occlusive disease in 7% (4 of 
57 patients), and various miscellaneous or unknown causes in the 
remainder. Of these patients, 49 of 57 (86%) patients presented 
with refractory ascites or hepatic hydrothorax, and only 8 of 57 
(14%) presented with variceal hemorrhage.27,30,62–65

Since 2010, seven publications have presented an additional 121 
patients with the largest by Saad et al24 presenting 38 cases, Feyssa 
et al28 presenting 26 cases, and King et al29 presenting 22 cases. 
Recurrent hepatitis C was responsible for recurrent PHT in 43% (52 
of 121 patients), alcohol use alone or in combination with hepa-
titis B or C in 8% (10 of 121 patients), and vascular abnormalities 
or hepatic venous outflow obstruction in 10% (11 of 121 patients). 
Recurrent hepatitis B, hepatocellular carcinoma, cystic fibrosis, 
nonalcoholic steatohepatitis, primary biliary cirrhosis, primary 
sclerosing cholangitis, sarcoidosis, and cholangiopathy were all 
reported as well but in fewer than 10% of cases. The etiology was 
not reported or was unknown in 30 patients. Refractory ascites 
or hepatic hydrothorax continued to be the dominant reported 
indication for TIPS after transplant with 106 of 121 patients (87%) 
in this category. A total of 14 of 121 (12%) patients had a TIPS per-
formed after transplant for variceal hemorrhage. A single case was 
reported for small-for-size syndrome (SFSS).23,24,28,29,66–68

There are two aspects for discussion regarding TIPS in liver 
transplant recipients: technical considerations and the actual 
clinical outcome of TIPS in this particular population.

Technical Aspects
Early in the clinical practice of TIPS in the United States, there was 
a debate whether liver transplant anatomy adds to the technical 
difficulty of the procedure.22,25,69,70 Intuitively, knowledge of portal 
and hepatic venous anatomy and surgical anastomoses is para-
mount as was emphasized by Richard et al69 and supported by 
other subsequent authors. As transplant techniques have evolved, 
surgical anastomoses have changed as well. Traditionally, ortho-
topic liver transplantation involved caval reconstruction. In most 
modern centers, the piggyback anastomosis technique has sup-
planted caval reconstruction, avoiding veno-venous bypass and 
reducing the warm ischemic time of the graft, ultimately improv-
ing outcomes.

Piggyback Anastomosis
Richard and coworkers69 raised the anatomic concern for piggy-
back anastomoses posing technical difficulty to the TIPS proce-
dure. Although Saad and coworkers24 noted that the piggyback 
anastomosis did not always pose an additional technical chal-
lenge, they did support the assertion that this anastomosis could 
be more difficult, particularly if significantly angulated downward. 
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Moreover, they noted that the operator must be cognizant of the 
partly extrahepatic portion of the piggyback anastomosis to avoid 
extrahepatic punctures.24 Capacious caval stumps and hepatic 
venous outflow stenosis were other potential technical challenges 
to the TIPS procedure in this population.24,69 The discussions in 
both studies are not substantiated by data given the small sample 
sizes.24,69 In general, multiple studies have consistently demon-
strated a technical success rate greater than 80% in placement of 
TIPS in the posttransplant patient population, but not all studies 
differentiated which patients had the standard caval interposition 
or piggyback anastomoses, making it difficult to elucidate the 
exact technical success rate. However, if conventional TIPS can-
not be achieved or there is concern for extrahepatic puncture, an 
unconventional TIPS approach such as the gun-site technique was 
performed by Saad et al,24 increasing the proportion of patients in 
whom TIPS was technically successful.

Split Grafts, Especially Left Lobe Grafts
Anecdotally, Saad and coworkers70 added that split grafts, espe-
cially undersized grafts such as left lobe grafts in growing chil-
dren, would pose additional technical difficulty. The orientation 
of the hepatic and portal veins may be unconventional because 
the grafts will rotate as they hypertrophy. Moreover, the TIPS pro-
cedure is most commonly performed from a right hepatic to right 
portal vein and to a lesser extent middle hepatic to right portal 
vein approach. Targeting from the left hepatic vein to the left por-
tal vein is not as commonly performed. To overcome the technical 
challenges, real-time ultrasound guidance or the gun-site tech-
nique were suggested as procedural adjuncts.70

Comparative Analysis of Technical 
Outcomes Between TIPS in Hepatic 
Grafts and TIPS in Native Livers
A comparative technical analysis between TIPS in transplants 
and TIPS in native livers was performed by Saad and coworkers.24 
This study compared two different institutions that approached 
“difficult TIPS” in two different ways. One institution in the 
study approached an initial technical TIPS failure in a native or 
transplant liver by reattempting the conventional TIPS proce-
dure another day with a different and usually more experienced 
operator. The other institution switched from a conventional 
TIPS approach to an unconventional TIPS approach. The conven-
tional TIPS approach was defined as a single right transjugular 
approach. Unconventional approaches included unconventional 
accesses or additional accesses that include femoral access, trans
hepatic access, gun-site technique, and left paraumbilical vein 
access.24 In both institutions, there was no significant difference 
in technical success between all attempts, including conventional, 
unconventional, or conversion to unconventional approaches.24 
The overall first attempt technical success and ultimate technical 
success in both institutions for transplant livers versus native liv-
ers was 87% versus 92% for first attempts and 97% versus 97% for 
ultimate technical success, respectively.24 The authors did note, 
however, that the majority of these transplants were whole grafts 
without angulated piggyback anastomoses and that if there were 
more split grafts or angulated piggyback anastomoses, the results 
may not have been equivocal.24

Clinical Outcome
In the past decade, with larger case numbers and longer follow-up 
periods, several studies have evaluated the clinical effectiveness 
of TIPS in liver transplant recipients. Generally, these studies 
report that TIPS appears to be less effective clinically in liver 
transplant recipients than nontransplanted patients23,24,27,29 with 
many authors noting poor survival and urging early retransplan-
tation if possible. A review of Model For End-Stage Liver Disease 
(MELD) score utilization for outcomes predication in posttrans-
plant TIPS patients is discussed. Also, the results of studies using 
TIPS in the posttransplant patient for refractory ascites, variceal 
hemorrhage, and evolving indications are presented. Last, special 
considerations in posttransplant TIPS patients are discussed.

MELD Score and Survival for TIPS 
After Transplant
Generally, multiple studies have documented a 1-year survival 
rate nearing 15% for TIPS placement in liver transplant recipi-
ents. This compares poorly with the 60% 1-year survival rate for 
TIPS placement in pretransplant patients.24,27,30 In the majority of 
cases, death was attributable to the complications of end-stage 
liver disease. Feyssa et al28 and King et al29 reported that MELD 
scores above 15 portended a high mortality rate within 3 to 
6 months without retransplantation.24,28,29 Saad and coworkers24 
used a MELD of 17 as a cutoff comparison and demonstrated sig-
nificant transplant-free survival difference between a pre-TIPS 
MELD score less than 17 and a pre-TIPS MELD score greater than 
17 with 1-year transplant-free survival of 54% versus 8%, respec-
tively. Moreover, they compared the grafts that survived more 
than 3 months versus those that survived less than 3 months, 
and the MELD score was statistically significant at 14 ± 4.9 versus  
18.6 ± 4.5, respectively (P = 0.002).24

Posttransplant TIPS for Ascites
In reviewing the literature, nearly 200 patients have had post-
transplant TIPS for refractory ascites, hepatic hydrothorax, or 
both. Generally, although TIPS in liver transplant recipients was 
safe, it resulted in a poor clinical response. Variations in the lit-
erature are noted and are likely attributable to several factors, 
including an amalgamation of ascitic patients with variceal 
bleeding patients, varying definitions of clinical success for 
ascites response, potential for multifactorial etiologies of ascites, 
and varying degrees of retransplantation thresholds.24

Indications Unique to Posttransplant 
Patients
Given the overall small number of published reports of TIPS in the 
posttransplant population, it is important to discuss indications 
that are presented in case reports and small case series, particu-
larly if they are unique to care of post–liver transplant patients. 
Herein, TIPS for posttransplant portal vein thrombosis, sinusoidal 
obstruction syndrome (SOS), and SFSS are reviewed.

Just as TIPS accesses can assist in treatment of portal vein throm-
bosis for patients with native livers, Ciccarelli et al71 reported the 
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successful treatment of early portal vein thrombosis after trans-
plant through a TIPS augmented with local thrombolysis.

Sinusoidal obstruction syndrome was previously referred to as 
veno-occlusive disease. Although central vein occlusion is usually 
present in this entity, progressive outflow obstruction begins in 
sinusoids. Most often, SOS is seen after stem cell transplantation, 
but it can also be seen after solid organ transplant with acute allo-
graft dysfunction. In stem cell patients with SOS, TIPS placement 
did not improve prognosis.72 However, Campos-Varela et al66 most 
recently reported a case of SOS after liver transplant successfully 
managed with TIPS and recommended consideration of TIPS 
placement in patients who were refractory to medical treatment 
for SOS. It is notable that little experience is present in this condi-
tion with Lerut et al,26 Kitajima et al,73 Sebagh et al,74 and Senzolo 
et al,75 contributing similar cases including seven patients.

Particular to split graft transplants, liver dysfunction may occur 
because there may not be enough liver mass, which is referred to 
as SFSS. Typical treatment revolves around control of the portal 
inflow to the graft or optimizing venous outflow. In a letter, Sampi-
etro et al76 shared a case in which a temporary TIPS was used to 
overcome SFSS in a right lobe adult split liver transplant. In a sub-
sequent case report, Xiao et al77 reported a similar case in which 
TIPS placement was successful for the treatment of SFSS. Although 
TIPS placement was feasible and improved the patient’s clinical 
status in both cases, the patients passed away shortly thereafter.

Considerations in Posttransplant 
Patients
Two studies were case controlled comparing a transplant TIPS 
group with nontransplant patients undergoing TIPS.24,27 Kim and 
coworkers27 showed a higher infectious complication rate, a high 
hepatic encephalopathy rate (>80%), and a poor 1-year trans-
plant-free survival rate of 14%. The high encephalopathy rate 
was suggested by an earlier study by Lerut and coworkers,20 who 
documented high levels of calcineurin inhibitors. They postulated 
that the neurotoxic effect of calcineurin inhibitors was more pro-
nounced because the TIPS functions to bypass their first-pass 
metabolism in the liver.20 Conversely, in another case-controlled 
study, Kim and coworkers27 showed no difference in hepatic 
encephalopathy between transplant and nontransplant patients 
after undergoing TIPS. However, the clinical success rate remained 
significantly lower for transplanted patients than nontransplant 
patients (93% vs. 77%, respectively).27

Conclusion
In conclusion, TIPS as a prelude to liver transplantation in an 
attempt to decompress the portal circulation appears to have 
no effect on blood product and hospital resource utilization. 
However, using TIPS as an adjunct to preserve a partially throm-
bosed main portal vein in potential liver transplant recipients 
has shown promising results in small cohorts. Whole-graft liver 
transplantation does not pose significant technical difficulty on 
the TIPS procedure. Anecdotally, split grafts and angulated pig-
gyback anastomoses may increase the technical difficulty of TIPS 
placement. Liver transplant recipients undergoing TIPS do not 
survive as well as their counterparts who have not undergone 
transplantation, and a MELD greater than 15 to 17 is a prognostic 

indicator of poor graft survival. Liver transplant recipients with 
ascites may not respond clinically as well as their nontransplant 
comparisons, although this is subject to graft survival and defini-
tions of clinical success.

Clinical Pearls
•	 TIPS is routinely performed in the management of patients 

with portal hypertension and does not preclude liver 
transplantation.

•	 TIPS can be placed percutaneously in patients who are non-
operative candidates and can be removed en bloc at the time 
of liver transplantation with the native liver, representing 
advantages over surgical portosystemic shunts.

•	 Although TIPS is a successful bridge to liver transplant, studies 
are contradictory and inconclusive regarding the intentional 
placement of a TIPS pretransplant for the sole purpose of 
facilitating surgery.

•	 Partial portal vein thrombosis can be treated by TIPS place-
ment and may evolve into an accepted indication in pretrans-
plant patients.

•	 Post–liver transplantation anatomy can be challenging. 
Knowledge of portal and hepatic venous anatomy and surgical 
anastomoses is paramount for technically successful TIPS 
placement.

•	 Liver transplant recipients fare poorly when undergoing TIPS 
compared with pretransplant patients with lower survival 
rates and poorer clinical responses.

•	 Brief reviews of TIPS for posttransplant portal vein thrombo-
sis, sinusoidal obstruction syndrome, and SFSS have demon-
strated success and may warrant additional evaluation.
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Introduction
The development of mesenteric venous thrombosis (MVT) or 
portal vein thrombosis (PVT) heralds potentially devastating 
consequences in patients with liver cirrhosis. Not only are such 
individuals at risk for intestinal ischemia and portal hypertensive 
complications,1 but liver transplant status and surgical outcome 
may be adversely affected as well2; timely and effective manage-
ment of MVT and PVT is thus of paramount importance. Although 
standard medical and surgical therapies have constituted the 
traditional management approaches to MVT and PVT, newer, 
minimally invasive interventional radiologic (IR) treatment strat-
egies have successfully addressed this condition while affording a 
targeted approach associated with acceptable safety and efficacy. 
The purpose of this chapter is to review the current status of IR 
therapies for MVT and PVT, with a focus on patient selection, pro-
cedure technique, and interventional outcomes.

Mesenteric and Portal Vein 
Thrombosis
Epidemiology and Classification
Partial or complete PVT complicates approximately 5% to 25% of 
liver cirrhosis cases3 and is primarily related to stagnant portal 
venous blood flow in the setting of portal hypertension4 as well 
as hemostatic derangement. Although malignancy; inflamma-
tory conditions such as diverticulitis, appendicitis, or pancreati-
tis; vessel injury from surgery; and hypercoagulable states may 
also underlie PVT,1 hepatic cirrhosis is a dominant predisposing 
condition, present in approximately 30% of PVT cases.5 Moreover, 
the incidence of PVT increases with liver disease severity; PVT is 
uncommon in compensated liver cirrhosis but is more prevalent 
among decompensated cases requiring transplantation.6,7

Portal vein thrombosis may also be a consequence of steal phe-
nomenon caused by end-stage portosystemic shunt syndrome in 
which there is portal hypertension and a portosystemic collateral 
“stealing” blood from the portal vein and essentially taking over 
as the splanchnic venous outflow as PVT sets in.8

Acute PVT is new or sudden onset of thrombus and is char-
acterized by a lack of collateral vessel formation. Chronic PVT is 

defined by venous occlusion with development of mature col-
lateral pathways. In differentiating acute and chronic PVT, spe-
cific time frames are not compulsory for classification of disease, 
although acute thrombus typically refers to a clot 14 or less days 
old, and chronic thrombus refers to a clot 28 or more days old 
as per the deep venous thrombosis literature9; these time frames 
are not necessarily directly translatable to PVT, however, because 
cavernous transformation of the portal vein may occur as early as 
6 to 20 days after thrombus development.10

Mesenteric venous thrombosis may develop exclusive of or 
contemporaneously with PVT; whereas primary MVT represents 
idiopathic thrombus formation, secondary MVT is related to 
underlying pathology, such as cirrhosis-related slow flow, inflam-
matory conditions, or prothrombotic states.11 Interestingly, MVT 
caused by hypercoagulability typically begins in small peripheral 
vessels and progresses to involve larger central vessels, but other 
causes of MVT propagate central to peripheral.11

Both MVT and PVT may be defined by anatomic location. One 
proposed classification scheme designates six thrombosis pat-
terns outlined as follows: type 1, thrombus within intrahepatic 
portal vein only; type 2, thrombus within main portal vein only; 
type 3, thrombus within intrahepatic portal vein and main portal 
vein; type 4, thrombus within superior mesenteric vein; type 5, 
thrombus within superior mesenteric vein and main portal vein; 
and type 6, thrombus within superior mesenteric vein, main por-
tal vein, and intrahepatic portal vein.2 Associated varices (if any) 
are classified according to the thrombosis or occlusion of the mes-
enteric or portal venous system and the degree of portal systemic 
or portoportal collateralization (▶ Fig. 24.1; ▶ Table 24.1).8

Clinical Presentation, Diagnosis, 
and Sequelae
The presentation of acute MVT or PVT may be clinically silent, 
with a diagnosis made incidentally or upon surveillance imag-
ing (which is commonly performed for hepatocellular carcinoma 
[HCC] detection in patients with cirrhosis) or may involve symp-
toms such as vague abdominal pain and diarrhea or fever and chills 
in the setting of septic thrombus.1,11 Specific laboratory abnormal-
ities are not routinely present because liver function is preserved 
by increased hepatic arterial flow; it is known that a decrease in 

Table 24.1  Hemodynamic Classification System

Purely Portoportal 
Collateral (Type 1)

Both Portoportal and Portosystemic Collaterals

Predominantly Portoportal  
Collaterals with Lesser  

Portosystemic Branches (Type 2)

Predominantly Portosystemic 
Collaterals with Lesser  

Portoportal Branches (Type 3)

Nonocclusive (oncotic) type (type A) Type 1a Type 2a Type 3a

Occlusive type (type b) Type 1b Type 2b Type 3b

Adapted with permission from Saad WE, Lippert A, Saad NE, Caldwell S. Ectopic varices: anatomical classification, hemodynamic classification, and 
hemodynamic-based management. Tech Vasc Interv Radiol 2013;16:158–175.
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Fig. 24.1  Classification of ectopic varices. 
Baseline labeled anatomy images to help 
interpret the images of the classification 
system. (They are the templates for the 
remainder of the figures.) The image 
demonstrates a representative portal or 
mesenteric vein branch (Port Circ) on the 
right and a representative systemic vein 
branch (Syst Circ) on the left of a cross-
section through a bowel loop that is a 
representative of the gastrointestinal tract 
(GIT). Typical portal venous (splanchnic 
veins) branches would include the portal vein 
proper, mesenteric vein (and tributaries), 
and splenic vein. Typical systemic veins (but 
not confined to the examples given) include 
the inferior vena cava, gonadal veins, renal 
veins, and retroperitoneal and paravertebral 
veins. Varices (ectopic varices) are seen 
in the wall of the bowel. (a) The “ectopic 
varices” in this depicted instance is supplied 
and drained by portal collaterals (hollow 
white arrows) and is also drained (efferent 
collateral) by a portosystemic collateral 
(black arrow). (b) The “ectopic varices” in this 
depicted instance is supplied and drained 
by portal collaterals (hollow white arrows) 
and is not drained by a portosystemic 
collateral. The efferent collateral drainage 
is portal and not systemic. In both parts (a) 
and (b), there is no portal venous occlusion. 
(c) Overview of the classification system. 
Please see Table 24.1 for clarification. In 
short, type a is nonocclusive and is pressure 
driven (oncotic). Type a usually has some 
element of portosystemic collaterals (types 
a2 and a3) to decompress the higher portal 
pressure. Type b is the occlusive type and 
can have no portosystemic collaterals; the 
varices can simply be part of a portal to 
portal “bypass” of a focal occlusion (type 
b1); however, portosystemic collaterals 
can exist (types b2 and b3). (d) Illustration 
demonstrating type 1 ectopic varices 
without portal venous branch occlusion 
(type 1a) and with portal venous branch 
occlusion (type 1b). The portal venous 
branch can be any vein (location or size) 
in the portal circulation. This includes 
mesenteric vein and tributaries and portal 
vein tributaries as well as the main portal, 
mesenteric, and splenic veins. Obviously, 
balloon-occluded retrograde transvenous 
obliteration (BRTO) of these ectopic 
varices (type 1) is not feasible because, by 
definition, BRTO is via the portosystemic 
collaterals from the systemic venous side, 
and in type 1, there are no portosystemic 
collaterals. Any balloon obliteration would 
be from the portal venous side. In essence, 
type 1b can be applied to gastric varices (GV) 
in the presence of splenic vein thrombosis 
(segmental or sentinel portal hypertension) 
and absence of a gastrorenal shunt (GRS). 
BATO: balloon-occluded antegrade 
transvenous obliteration; HTN: hypertension.  
(continued)
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Fig. 24.1  (Continued) (e) Illustration demonstrating 
type 2 ectopic varices without portal 
venous branch occlusion (type 2a) and with portal 
venous branch occlusion (type 2b). The portal 
venous branch can be any vein (location or size) in 
the portal circulation. BRTO of these ectopic varices 
(type 2) is feasible because, by definition, BRTO is 
via the portosystemic collaterals from the systemic 
venous side, and in type 2, there are rudimentary 
portosystemic collaterals. Rudimentary means that 
it is not the main efferent outflow of the ectopic 
varices. The main efferent outflow of the ectopic 
varices in type 2 is portal and not portosystemic. 
Flow in the existing portosystemic collaterals 
may be minimal and may even fluctuate. (f) 
Illustration demonstrating type 3 ectopic varices 
without portal venous branch occlusion (type 3a) 
and with portal venous branch occlusion (type 
3b). The portal venous branch can be any vein 
(location or size) in the portal circulation. BRTO of 
these ectopic varices (type 2) is feasible because, 
by definition, BRTO is via the portosystemic 
collaterals from the systemic venous side, and 
in type 3, there are predominant portosystemic 
collaterals. Predominant means that it is the main 
efferent outflow of the ectopic varices. The main 
efferent outflow of the ectopic varices in type 
3 is portosystemic and not portoportal. Used 
with permission from Saad WE, Lippert A, Saad NE, 
Caldwell S. Ectopic varices: anatomical classification, 
hemodynamic classification, and hemodynamic-
based management. Tech Vasc Interv Radiol 
2013;16:158–175.

portal venous blood flow results in an increase in hepatic arterial 
flow in a mechanism termed the hepatic arterial buffer response.13 
Nonetheless, elevation nonspecific liver function test results may 
be present.1 Chronic PVT is generally asymptomatic unless compli-
cations of portal hypertension or biliary obstruction by enlarged 
gastric antral, duodenal, or biliary veins—so-called portal cholan-
giopathy—are present.14 Preservation of liver function by collateral 
vessel perfusion averts laboratory abnormalities in chronic PVT.

Both MVT and PVT may be diagnosed with a high sensitivity 
and specificity using cross-sectional imaging such as contrast 
enhanced computed tomography (CT) or magnetic resonance 
(MR) imaging15; these studies generally reveal a filling defect in 
the portal venous system accompanied by atypical or heteroge-
neous hepatic parenchymal enhancement in acute PVT and show 
a diminutive or absent portal vein replaced by serpiginous collat-
eral vessels in chronic PVT. Color Doppler ultrasonography may 

also be used16 and demonstrates hyperechoic thrombus within 
the portal venous system as well as lack of blood flow in acute 
PVT; chronic PVT findings of hepatic hilar collateral veins are sim-
ilar to those with CT or MRI. In select instances, mesenteric arteri-
ography can assist in diagnosing small peripheral vein thrombosis 
that is beyond the imaging resolution of cross-sectional modali-
ties.17 It is important to distinguish bland MVT or PVT from tumor 
invasion, which may occur in the setting of HCC; distinguishing 
features of tumor invasion include vessel distension, casting, fill-
ing defect, arterial enhancement or internal color Doppler flow, 
and contiguity with the intrahepatic tumor.18 Detection and diag-
nosis of HCC obviously affect clinical management.

Both MVT and PVT may be associated with several clinically 
significant consequences, including intestinal ischemia, portal 
hypertension with variceal hemorrhage, and portal cholangiopa-
thy. Bowel infarction is a particularly devastating occurrence and 
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is suggested by abdominal pain of insidious onset and severity 
disproportionate to examination findings; overt or occult gastro-
intestinal (GI) bleeding may also be present.11 Portal hypertension 
from chronic PVT may spur variceal hemorrhage, a life-threatening 
complication associated with immediate mortality rate ranging 
from 5% to 8% when uncontrolled and up to a 20% overall mortal-
ity rate within 6 weeks.19 Associated varices (if any) are classified 
according to the thrombosis or occlusion of the mesenteric or por-
tal venous system and the degree of portal systemic or portoportal 
collateralization (▶  Fig. 24.1; ▶  Table 24.1).8 Portal cholangiop-
athy may result in obstructive jaundice or cholangitis requiring 
biliary drainage.14 In the long term, PVT also negatively impacts 
liver transplant patients; not only are auxiliary maneuvers (e.g., 
intraoperative thrombectomy or jump graft creation) or advanced 
techniques (e.g., renoportal anastomosis, cavoportal hemitranspo-
sition, multivisceral transplantation) required at the time of ortho-
topic liver transplant (OLT) surgery depending on the extent of clot 
formation, but posttransplant mortality risk is also increased.20

Conventional Medical and 
Surgical Therapies
Systemic anticoagulation represents the standard first-line ther-
apy for acute MVT and PVT; correction of underlying causal fac-
tors should also be pursued. Current treatment recommendations 
advise for a 3- to 6-month anticoagulation course or long-term 
anticoagulation in individuals with persistent predisposing risk 
factors.1 However, although systemic anticoagulation may result 
in portal vein recanalization in 40% to 70% of cases,7,21,22 it does 
not improve portal hemodynamics, thus contributing to throm-
bus progression in a small percentage of cases.4 Moreover, its use 
may be precluded in individuals with cirrhosis and gastroesopha-
geal variceal bleeding risk. In the setting of chronic PVT, systemic 
anticoagulation may be used to prevent recurrent thrombosis but 
should not be initiated before preventive, prophylactic treatment 
of varices using beta-blockers or endoscopic therapy.1 Of note, 
septic MVT or PVT mandates intravenous (IV) antibiotic therapy.

Surgical management of MVT or PVT is not routinely pursued in 
the absence of profound mesenteric ischemia evidenced by trans-
mural bowel infarction or peritonitis.23 When clinical signs and 
imaging features of intestinal necrosis are present, emergent lapa-
rotomy and segmental resection are pursued for removal of nonvi-
able bowel segments.24 As a means of conserving viable intestinal 
segments, 24-hour delayed follow-up “second look” laparotomy 
has been proposed to avoid primary resection of bowel that may 
be viable.25 Open thrombectomy may also be pursued at the time 
of surgery,26,27 although it may be technically difficult to remove 
all of the thrombus, particularly from small branches of the mes-
enteric and portal veins. Despite advances in medical and surgical 
therapy, MVT and PVT remain potentially lethal, particularly in 
the setting of bowel infarction, with mortality rates up to 30%.1,28

Interventional Radiologic 
Management Approaches 
and Rationale
Interventional radiologic treatment approaches to MVT and 
PVT may aim to clear thrombus by several means, including 

flow-enhanced dispersal, thrombolytic agent–assisted dissolu-
tion, direct mechanical disruption, maceration, aspiration, or 
stent muralization or recanalization. Different interventional 
approaches allow for these various management strategies and 
may be used in isolation or combination to optimize therapy.

Transjugular Intrahepatic 
Portosystemic Shunt Creation
The success of transjugular intrahepatic portosystemic shunt 
(TIPS) in the management of portal hypertensive complications29 
has prompted translation of this procedure from traditional indi-
cations, such as medically refractory gastroesophageal variceal 
hemorrhage30 and intractable ascites31 or hepatic hydrotho-
rax,32 to newer indications, such as early use in variceal bleed-
ing patients33 as well as application of TIPS for the treatment of 
PVT. This developing indication for TIPS may enhance the care 
of patients with cirrhosis and liver transplant candidates by 
averting PVT complications and ensuring conventional operative 
approaches to transplantation, which may be significantly com-
plicated or even precluded in the setting of partial or complete 
PVT,4 as well as optimizing posttransplant survival, which is nega-
tively impacted by PVT.20 TIPS functions to clear clot by providing 
portal venous access for thrombolytic agent–assisted dissolution, 
direct mechanical disruption, maceration, or aspiration and by 
establishing a low-pressure outflow conduit for splanchnic blood 
volume and concomitantly increasing portal venous flow, which 
favorably assists the dissolution of PVT in patients with cirrhosis.

When applied for the purpose of direct pharmacomechanical 
PVT clearance, the TIPS approach into the portal vein confers 
advantages of theoretically less bleeding risk because of a lower 
risk of liver capsular transgression, applicability to patients with 
ascites, larger caliber and more longitudinal access of entry to the 
portal vein, and a large-bore outflow pathway for clot clearance 
(e.g., Pullback Fogarty Embolectomy) in cases of PVT compared 
with transhepatic portal venous access.34 The main disadvan-
tages of the TIPS approach are poor access to peripheral intra-
hepatic portal vein branches34 and potentially greater technical 
difficulty in obtaining portal venous access compared with ultra-
sound-guided transhepatic puncture if intrahepatic branches are 
thrombosed. Another disadvantage of TIPS during pharmacolysis 
of PVT is that after flow is established, the TIPS may be the pre-
dominant outflow and prevent chemical agents from bathing the 
“end artery” portal vein branches.

Increased portal venous flow velocity after TIPS favorably 
affects thrombus dissolution. Although the biochemical mecha-
nism of fibrinolysis is well described, the role of hemodynamic 
factors in this process is often neglected. Originally described by 
Virchow, flow stasis contributes to vascular thrombosis by reduc-
ing laminar clearance of local thrombin and fibrin monomer.35 
Experimental and mathematical models have demonstrated that 
the shear forces exerted by circulating blood promote mechanical 
dissolution of nonocclusive thrombi.36–38 Higher velocity blood 
flow results in increased rates of mechanical degradation, as well 
as increased deposition of physiologic fibrinolytic agents.39 The 
improved portal venous flow after TIPS creation helps dissolve 
existing thrombus through flow-enhanced dissolution and may 
obviate the need for concomitant use of anticoagulation7,22,40 or 
mechanical or thrombolytic techniques.41
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Direct Portal and Mesenteric Vein 
Thrombolysis and Thrombectomy
A direct transhepatic approach to the portal and mesenteric venous 
system confers definitive access to clot for potential clearance 
using thrombolysis or thrombectomy (or both). Catheter-directed 
thrombolysis (CDT) aims to dissolve thrombus in a targeted fash-
ion through direct intraclot fibrinolytic agent infusion. Contempo-
rary CDT primarily uses recombinant tissue plasminogen activator 
(TPA), a protein that activates the serine protease enzyme plasmin 
and initiates fibrinolysis by plasmin-induced degradation of cross-
linked fibrin mesh within blood clot, which is consequently more 
susceptible to further enzymatic proteolysis. The glycoprotein 
enzyme urokinase and the beta-hemolytic streptococcus glycopro-
tein streptokinase have also been used in thrombolytic therapy but 
represent more historical agents; newer fibrinolytic agents that 
have greater fibrin specificity are also commercially available. CDT 
has been applied in multiple clinical settings and has a firm basis 
in systemic arterial and venous recanalization42–45 as well as hemo-
dialysis graft clot dissolution,46 among other applications. The effi-
cacy of therapy is greater in acute or soft thrombus compared with 
chronic, organized clot because of reduced platelet composition 
and fibrin cross-linking,47 and thrombolysis may be augmented by 
concomitant techniques such as ultrasound-accelerated fibrino-
lytic agent deposition using systems such as the EkoSonic Endo-
vascular System (EKOS Corporation, Bothell, Washington).

Catheter-directed thrombolysis may be supplemented with 
mechanical thrombectomy, which represents an attractive means 
to disrupt thrombus caused by more rapid clot clearance com-
pared with enzymatic thrombolysis.48 Mechanical thrombectomy 
typically uses clot disruption, maceration, or aspiration using 
commercially available guidewires, compliant (e.g., Fogarty) or 
noncompliant (e.g., angioplasty) balloons, rotating devices such as 
the Arrow-Trerotola percutaneous thrombectomy device (Arrow 
International, Asheboro, North Carolina) or Trellis Peripheral Infu-
sion System (Covidien, Dublin, Ireland), or rheolytic devices that 
disrupt the clot through saline injection and aspiration such as the 
AngioJet Ultra Thrombectomy System (Bayer Healthcare, Lever-
kusen, Germany), among others. Disadvantages of mechanical 
devices include risk of vessel injury and cost.48

A transhepatic portal venous approach to portal and mesen-
teric vein thrombolysis and thrombectomy confers benefits of 
direct access to the portal vein, technically easier access to the 
peripheral intrahepatic portal vein branches,34 and more straight-
forward portal venous access compared with TIPS if intrahepatic 
branches are thrombosed because direct sonographic guidance 
may be used instead of solely fluoroscopy. Downsides of transhe-
patic portal venous access include increased bleeding risk caused 
by liver capsular traversal, access size limitation, and angulated 
entry into the main portal vein.34

Indirect Mesenteric and Portal 
Vein Thrombolysis via the Superior 
Mesenteric Artery
In addition to direct CDT of MVT and PVT, thrombolysis may be 
undertaken via an indirect approach using the superior mesen-
teric artery (SMA) as a conduit to deliver thrombolytic agent to 
the portal and mesenteric venous clot via transcapillary traversal. 

Potential benefits of this approach include technical simplicity; 
theoretically reduced bleeding risk because of avoidance of liver 
parenchymal puncture; and bathing of small mesenteric capil-
laries and venules with fibrinolytic agent, allowing restoration 
of small branch vessel patency.49 Drawbacks to this procedure 
include lack of direct fibrinolytic agent infusion into the throm-
bus, potentially increasing length of thrombolysis,50 as well as 
the potential for inducing GI bleeding, especially in the setting of 
borderline intestinal infarction because of venous engorgement.

Portal Vein Recanalization for 
Chronic Occlusion
Chronic portal vein occlusion, characterized by fibrotic, shrunken, 
and cordlike transformation of the portal vein, represents a major 
therapeutic challenge. Despite cavernous transformation or 
formation of hepatic hilar collateral vessels in many cases, the 
splanchnic blood volume may not be adequately drained, ren-
dering patients at risk for portal hypertensive complications. IR 
recanalization techniques may be used to reestablish patency in 
chronically occluded venous systems; in the setting of chronic 
PVT or portal vein occlusion, this may be pursued with the intent 
of relieving portal hypertension and its complications or reinstat-
ing liver transplant candidacy.

Patient Selection
Procedure Indications
Interventional approaches to portal vein clot removal are indi-
cated in patients awaiting liver transplantation to maintain portal 
vein patency and in the presence of clinical symptoms suggesting 
intestinal ischemia to prevent progression to intestinal infarc-
tion. PVT resulting in portal hypertensive complications, such as 
variceal hemorrhage, or liver dysfunction, evidenced by findings 
such as liver enzyme elevation or the development of ascites, 
may also prompt treatment. Because there has been no objective 
comparison of the benefits and risks of IR therapies with those 
of conservative anticoagulation therapy alone,1 the decision to 
proceed with IR interventions is best made on a case-by-case 
basis in collaboration with primary hepatology physicians and 
transplant surgeons, with the best interest of the patient taken 
into account and after thorough discussion of the procedure ben-
efits, risks, and alternatives with the patient and family.

Procedure Contraindications
Accepted contraindications to TIPS creation include congestive 
heart failure, multiple hepatic cysts as in polycystic liver dis-
ease, systemic infection or sepsis, unrelieved biliary obstruction, 
severe pulmonary hypertension, and profound coagulopathy or 
thrombocytopenia.51 Similar contraindications—namely, multiple 
hepatic cysts, unrelieved biliary obstruction, and profound coag-
ulopathy or thrombocytopenia—may preclude direct transhepatic 
portal venous access. Standard contraindications to thrombo-
lytic agent administration include items such as active internal 
bleeding or disseminated intravascular coagulation; recent cer-
ebrovascular event, neurosurgery, or intracranial trauma; recent 
cardiopulmonary resuscitation; major surgery; obstetric delivery; 
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organ biopsy; major trauma; intracranial tumor; uncontrolled 
hypertension; and recent major GI bleed.52

Procedure Technique and 
Periprocedure Patient Care
General Considerations
Procedures are performed in the IR suite under IV moderate 
sedation or general anesthesia with routine hemodynamic, car-
diac, and oxygen saturation monitoring and standard sterile site 
preparation while patients are supine on the angiographic proce-
dure table. Because general anesthesia provides optimal patient 
comfort and pain relief, airway control, and hemodynamic car-
diorespiratory monitoring by an anesthesiologist, leaving the IR 
physician free to concentrate fully on technical aspects of proce-
dures, it may represent the best option for intraprocedural anes-
thesia during complex procedures such as TIPS creation.53

Regarding preprocedure antibiotic administration, there is no 
evidence from clinical trials that the use of prophylactic antibi-
otics is beneficial before TIPS creation; studies comparing trans-
jugular interventions with and without antibiotic treatment have 
identified no significant differences in infection rates.54 None-
theless, routine antibiotic prophylaxis is recommended before 
TIPS creation by clinical practice guidelines.55 Although no firm 
recommendations are available for antibiotic prophylaxis for per-
cutaneous transhepatic portal venous interventions,55 antibiotic 
coverage for biliary organisms may be prudent because bile duct 
traversal is possible. Preprocedure antibiotics are not routinely 
endorsed before standard venous thrombolysis procedures.55

Transjugular Intrahepatic 
Portosystemic Shunt Creation
The standard technique for TIPS creation is well described30 but 
varies slightly in the setting of PVT. Right jugular venous access 
is routinely gained with dilation to a 10-Fr sheath. The sheath is 
advanced into the right atrium, and pressure measurements are 
performed. A 5-Fr catheter is then used to engage a hepatic vein, 
typically the right. After hepatic venography and pressure meas-
urement, wedged hepatic venography is performed, although the 
utility of portal venous imaging may be limited in the setting of 
PVT depending on thrombus extent and degree of portal venous 
occlusion. Next, a transjugular liver access set is used to access the 
portal vein. This step represents the most challenging procedure 
component in the setting of PVT. Unlike patent portal venous tar-
gets, occluded portal vein branches may not allow aspiration of 
blood to confirm portal venous entry, may not normally opacify 
with contrast during confirmatory venography, and may present a 
challenge to guidewire cannulation caused by an obstructive clot. In 
this regard, correlation with cross-sectional imaging for anatomic 
guidance is valuable, and guidewire passage along the expected 
course of the portal vein should be observed. After portal vein cath-
eterization is achieved, direct portal, splenic, or mesenteric pres-
sure is measured for portosystemic pressure gradient calculation, 
and balloon dilation of the hepatic parenchymal tract is performed. 
Next, direct portography is performed. At this point, thrombolytic 
agent assisted dissolution, direct mechanical disruption, macera-
tion, or aspiration of clot may be pursued at the discretion of the 

primary operating IR physician; the particular technique for each 
of these interventions is described in later sections.

Subsequently, a metallic stent is deployed across the liver tract; 
the specialized expanded polytetrafluoroethylene (e-PTFE)–
covered VIATORR stent graft (W. L. Gore & Associates, Flagstaff, 
Arizona) is widely used for TIPS creation because of bile imper-
meability uniquely suited for hepatic parenchymal tract coverage 
compared with other stents, and 8- to 12-mm-diameter devices 
are available. If thrombolysis is pursued via the TIPS approach, it 
may be prudent to defer stent insertion for 24 to 72 hours until 
the PVT has been satisfactorily bathed in fibrinolytic agent and 
some clot clearance has been achieved; this averts systemic loss 
of thrombolytic agent via the TIPS and avoids large pulmonary 
embolism. After the stent is deployed, if the distal shunt falls short 
of the hepatic vein to inferior vena cava (IVC) junction, additional 
stents may be used to extend the shunt. Balloon angioplasty of 
the stent is then performed followed by measurement of post
stent portal and right atrial pressures; a final portosystemic pres-
sure gradient measuring 12 mm Hg or less is routinely targeted.28 
Last, completion shunt venography is performed.

Direct Mesenteric and Portal Vein 
Thrombolysis and Thrombectomy
For direct portal venous access, a peripheral portal vein branch 
is punctured using a percutaneous transhepatic approach and a 
20- to 22-gauge needle using ultrasound or fluoroscopic guidance 
(or both).56 Combined use of ultrasound and fluoroscopy for per-
cutaneous portal venous access is associated with a low risk for 
complications and shorter procedure time compared with fluor-
oscopy alone.57–59 Care is taken to avoid excessive liver punctures, 
which increase bleeding risk. The portal venous puncture may be 
either right or left sided; whereas right-sided puncture is more in 
line with the main portal vein, provides more “running room” for 
central portal vein interventions, and is subject to less radiation 
to operator hands, left-sided puncture may have a lower bleeding 
risk, especially in the setting of ascites, and has less risk of pleural 
complications.34 As in transjugular puncture of occluded portal 
vein branches, aspiration of blood or injection of iodinated con-
trast to confirm portal venous entry may be limited, and guidewire 
passage may be difficult because of an obstructive clot. After por-
tal venous access is achieved, the percutaneous access is dilated to 
accept a vascular sheath (typically up to 8 Fr), which is advanced 
into the main portal vein. Direct portography is then performed 
followed by baseline portal venous pressure measurement.

Catheter-directed thrombolysis may be initiated with adminis-
tration of 0.5- to 1.0-mg (“low-dose) TPA or alteplase (Activase; 
Genentech, South San Francisco, California) per hour through a 
multi-side-hole catheter embedded within the MVT, PVT, or both. 
TPA dosing is typically at the discretion of the operating IR physi-
cian, but “low-dose” fibrinolytic agent administration is supported 
by practice guidelines relating to management of acute lower 
extremity ischemia.60 Dosing protocols for other thrombolytic 
agents are readily available.61 In addition to continuous infusion, 
fibrinolytic agents may be infused via bolus dose lacing followed 
by continuous infusion or in a pulse-spray fashion for pharmaco-
mechanical thrombolysis.48 Systemic IV heparin is concomitantly 
administered to prevent thrombus propagation and is titrated to 
achieve a partial thromboplastin time (PTT) of 60 to 80 seconds; 
subtherapeutic doses of heparin have been deemed acceptable 
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when used in combination with thrombolytic therapy.60 Patients 
are continuously monitored in an intensive care unit setting during 
the entirety of thrombolytic therapy. Laboratory studies, includ-
ing hematologic parameters such as complete blood count (CBC); 
coagulation profile, including prothrombin time (PT) and PTT; and 
fibrinogen levels, are monitored every 4 to 6 hours. Although the 
clinical progress of CDT may be assessed by evaluating patient clin-
ical symptoms, daily venography is commonly performed in the 
IR suite to monitor the progress of thrombolytic therapy, ensure 
catheter positional stability, and allow for catheter repositioning 
or other interventions as needed. Mechanical thrombectomy using 
guidewires, balloons, or other devices may be used as an adjunct 
to CDT to facilitate thrombus removal. Endpoints for CDT include 
patient symptomatic improvement, complete or near complete 
clot dissolution, and portal venous pressure reduction.

After completion of percutaneous procedures, vascular sheath 
removal and liver tract hemostasis are pursued. The vascular 
access sheath is retracted into the hepatic parenchymal tract 
using a combination of ultrasound or fluoroscopic guidance (or 
both). Contrast is injected via the sheath to confirm tip position 
within the hepatic parenchyma before tract embolization. Embo-
lization of the hepatic parenchymal tract is then performed using 
Gelfoam torpedoes,58 metallic coils,58 or other hemostatic mate-
rial62 such as N-butyl cyanoacrylate liquid glue.34 Care is taken to 
ensure deployment of the embolic material exclusively within the 
liver parenchymal tract so as to avert intravascular embolization.

Indirect Mesenteric and Portal 
Vein Thrombolysis via the Superior 
Mesenteric Artery
For indirect portal and mesenteric vein thrombolysis via the SMA, 
routine single-wall puncture arterial access is gained via the right 
or left common femoral artery using direct sonographic guidance 
and a 21-gauge needle (e.g., the Micropuncture Introducer Set; 
Cook Medical, Bloomington, Indiana). Vascular access is dilated 
to accept a 5-Fr vascular sheath, such as Pinnacle (Terumo, Som-
erset, New Jersey), for subsequent arteriography. Initial superior 
mesenteric arteriogram is performed using a 5-Fr catheter such 
as the Sos Omni Selective (AngioDynamics, Queensbury, New 
York), SIM 1 (Cook Medical), or C2 (Cook Medical). Arteriography 
is carried out to include delayed portal venous phase imaging to 
image the MVT and PVT. Subsequent selective arteriography may 
be performed after exchange for a 4-Fr angled glide coated cath-
eter such as Glidecath (Terumo) or placement of a coaxial 3-Fr 
microcatheter such as Renegade Hi-flo (Boston Scientific, Natick, 
Massachusetts). For treatment, lytic agent may be infused via the 
SMA trunk or selectively into a segmental distribution if MVT is 
peripheral and localized. CDT dosing, monitoring, and termina-
tion is similar to that described for direct mesenteric and portal 
vein thrombolysis except that the progress of thrombolytic ther-
apy is monitored using delayed portal venous phase imaging after 
superior mesenteric arteriogram.

Portal Vein Recanalization for 
Chronic Occlusion
Portal venous recanalization is usually pursued in an antegrade 
fashion via a direct transhepatic approach or a TIPS approach. A 

combined approach via an antegrade approach (e.g., a transplenic 
or transmesenteric approach [or both]) can also be performed. 
The transplenic approach is percutaneous and is similar to a 
transhepatic access or approach. The transmesenteric approach 
is laparotomy and cannulation of a mesenteric venous tributary. 
Preprocedure assessment of cross-sectional imaging is imper-
ative to delineate the anatomic relationship between patent 
intrahepatic portal venous channels and a patent hepatic hilar 
portal venous target. After establishing direct transhepatic por-
tal venous access or TIPS access as previously described, reca-
nalization is initially attempted using a hydrophilic, torqueable 
guidewire such as the Glidewire (Terumo) or Hi-wire (Cook Med-
ical) and catheter. The guidewire is used to bore into and through 
the occluded vessel employing techniques such as wire rotation 
and jabbing. The soft front end of the guidewire is initially used, 
but traversal into the occluded vein segment may be attempted 
using the stiff back end of the guidewire if success is not achieved 
with conventional maneuvers. The catheter is advanced over the 
guidewire, and injection of iodinated contrast material is used to 
confirm passage into a patent venous target. If blunt guidewire 
recanalization is unsuccessful, sharp recanalization using a nee-
dle-based system such as the Dextera TLAB Patel Set transjugular 
liver biopsy system (US Biopsy, Franklin, Indiana) or LABS liver 
access and biopsy set (Cook Medical) may be attempted. Care 
should be taken to avoid puncture of a cavernous collateral ves-
sel, which may preclude wire passage into the main portal vein. 
Of note, if isolated transhepatic or transjugular approaches to 
portal venous recanalization are unsuccessful, combined meth-
ods such as the “gun-sight” approach using intravascular snares 
and a transhepatic portal venous access63 or a balloon-targeted 
approach using transjugular puncture of a transhepatic placed 
portal venous balloon64 may be attempted. Other alternative 
techniques include retrograde recanalization via a transsplenic 
approach through the splenic venous system65 or a transmes-
enteric approach through a mini laparotomy.66 After traversal of 
the occluded venous segment is achieved, vessel patency may 
be reestablished via balloon angioplasty and stent insertion for 
portal venous reconstruction. The superior mesenteric vein and 
splenic vein may be reconstructed with stents if occlusion of 
these vessels results in clinical symptoms.

Procedure Outcomes
Clinical studies of IR procedures for management of MVT and PVT 
are diverse in terms of investigation types, patient sample sizes, 
methods applied, and outcomes measured. The following clini-
cal outcomes review comprises a broad and representative, albeit 
not completely exhaustive, compilation of studies investigating IR 
treatment of MVT and PVT. Reports of three cases or less are not 
routinely included.

Transjugular Intrahepatic Portosystemic 
Shunt Flow-Enhanced Clot Dissolution
Case series and clinical investigations describing TIPS creation 
for flow-enhanced thrombus dissolution indicate a high level of 
clinical effectiveness. In 2006, Bauer et al reported nearly 90% 
improvement in portal venous patency 2 to 45 months post-TIPS 
for treatment of varying degrees of nonocclusive PVT.67 In 2006, 
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Van Ha et al reported 91% (10 of 11) technical success of TIPS 
recanalization of acute or partial PVT.68 In 2008, Streitparth et al 
described successful TIPS in 11 of 13 (85%) patients with PVT.69 In 
2011, Luca et al described 87% patency improvement (complete 
recanalization in 57%) among 70 patients with nontumoral PVT 
who underwent TIPS.70 In 2012, D’Avola et al reported 100% por-
tal vein patency in 15 patients with main trunk or branch vessel 
partial PVT who underwent TIPS followed by OLT at median 185 
days postprocedure.71 In that study, a control group of 8 patients 
with similar nonocclusive PVT who did not undergo TIPS showed 
50% portal vein patency at OLT performed at median 213 days 
after PVT diagnosis.71 In 2012, Senzolo et al described stable PVT 
(4 of 6, 67%) or complete portal venous repermeation (2 of 6, 33%) 
in 6 patients who underwent TIPS for PVT.72 In 2013, Gaba et al 
reported 100% clot clearance in four cases of PVT and concomi-
tant SMV or splenic vein thrombus within mean 79 days of TIPS 
creation.73 In that series, portal venous flow was increased more 
than fivefold after TIPS to a mean of greater than 80 cm/s—normal 
portal venous flow velocity approximates 16-40 cm/s74—and no 
recurrence of PVT was identified after mean 460 days of imaging 
follow-up.73 The findings of these studies are further supported 
by report of at least one individual case describing use of TIPS to 
keep the portal vein open for liver transplantation.75 These data 
all suggest clinical effectiveness of TIPS for PVT clearance. Once a 
contraindication to TIPS creation, PVT may now represent an une-
quivocal procedural indication for TIPS given the efficacy demon-
strated in such investigations.

Transjugular Intrahepatic 
Portosystemic Shunt Thrombolysis 
and Thrombectomy
For more extensive PVT, TIPS with CDT or thrombectomy (or both) 
has shown satisfactory success rates. In 1995, Blum et al described 
100% technically successful portal venous flow restoration in 
7 patients who underwent TIPS, balloon thrombectomy, and CDT 
(using urokinase or TPA for mean 7 hours) for treatment of noncav-
ernomatous PVT.76 In 1998, Walser reported on 15 patients with 
noncavernomatous PVT who were treated with TIPS77; shunt cre-
ation was successful in 12 of 15 (80%) cases, and PVT was cleared 
using some combination of adjunctive angioplasty, CDT, mechan-
ical thrombectomy, and stent placement.76 In 1999, Ganger et al 
reported the results of 11 patients with PVT who were treated 
with TIPS and mechanical thrombectomy.78 TIPS was successful 
in 9 of 11 (82%) cases, with restoration of portal venous patency; 
complications occurred in 2 of 9 (22%) technically successful 
cases.78 In 2006, Senzolo et al described technically successful 
portal venous recanalization in 19 of 28 (73%) patients with PVT 
using TIPS and concomitant catheter or balloon thrombectomy (or 
both).79 In 2009, Liu et al reported the outcomes of 26 PVT patients 
treated with TIPS and urokinase CDT.80 Outcomes were reported 
cumulatively with 6 patients undergoing direct transhepatic CDT, 
and were significant for complete recanalization in 26 of 32 (81%) 
cases.80 In 2010, Liu et al described successful TIPS with adjunctive 
thrombus clearing interventions in 26 patients.81 In 2011, Wang 
et al reported the outcomes of 12 patients who underwent TIPS 
and urokinase CDT for treatment of acute MVT.82 After a mean 
4 days of CDT, mesenteric venous patency was reestablished in 
100% of patients with attendant substantial clinical improvement 

and no MVT recurrence over mean 3-year follow-up.82 Four punc-
ture site complications were minor.82 In 2011, Luo et al described 
13 patients who underwent successful TIPS, balloon maceration, 
sheath aspiration thrombectomy, and urokinase CDT for PVT reca-
nalization.83 Portal venous patency was achieved in all cases with 
clinical improvement in more than 90% of patients; one patient 
developed intraperitoneal hemorrhage and died.83 In all, adjunc-
tive CDT or thrombectomy can enhance the effectiveness of TIPS 
in clot clearance for MVT and PVT.

Direct Mesenteric and Portal Vein 
Thrombolysis and Thrombectomy
Prior investigations have demonstrated the utility of direct trans
hepatic manipulation of PVT. In 2002, Lopera et al described 
technically successful transhepatic clearance of MVT and PVT in 
3 patients using CDT or mechanical disruption.84 In 2005, Kim et al 
reported the outcomes of 11 patients with MVT who underwent 
transhepatic CDT and thrombectomy.85 Seven of 11 patients (64%) 
underwent mechanical thrombectomy using either the AngioJet 
thrombectomy device (Bayer Healthcare) or the Helix Clot Buster 
thrombectomy device (ev3 Inc., Plymouth, Minnesota), and 10 
of 11 (91%) patients underwent TPA or urokinase CDT for up to 
45 hours.85 Mesenteric venous patency was restored in 10 of 11 
(91%) cases, and no recurrent MVT or death was documented over 
mean 42 months of clinical follow-up.85 Complications included 
one case of hemothorax and one death caused by preexisting sep-
sis.85 In 2009, Di Minno et al described 18 patients who under-
went direct transhepatic urokinase CDT for MVT management.86 
Restoration of mesenteric venous patency was achieved in 16 of 
18 (89%) cases, and three 30-day mortality cases (secondary to 
sepsis, pneumonia, and myocardial infarction) were unrelated to 
treatment.86 In 2010, Liu et al described successful direct transhe-
patic PVT recanalization with adjunctive clot clearing interven-
tions in 18 patients.81

Indirect Portal and Mesenteric 
Vein Thrombolysis via the Superior 
Mesenteric Artery
Case series and clinical investigations describing indirect MVT and 
PVT thrombolysis via the SMA have shown variable degrees of clin-
ical effectiveness and safety. In 2005, Hollingshead et al. described 
the results of indirect SMA thrombolysis as a sole therapy for MVT 
and PVT in six patients.12 After administration of urokinase or TPA 
for a mean 42 hours, 3 of 6 (50%) patients showed partial (less 
than 90%) clot clearance, and 3 of 6 (50%) patients demonstrated 
no (0%) clot clearance.12 Three of six (50%) patients experienced 
a major complication (two bleeding events, one death).12 Of note, 
the investigation also described the outcomes of concomitant indi-
rect SMA thrombolysis and direct portal venous thrombolysis in 4 
patients; results included complete and partial clot clearance in 1 
of 4 (25%) and 3 of 4 (75%) cases, respectively, but were also nota-
ble for bleeding complications in 3 of 4 (75%) cases.12 In 2009, Liu et 
al reported the outcomes of 14 patients treated with indirect MVT 
and PVT thrombolysis in whom urokinase was administered via 
an SMA placed catheter.80 After treatment, 2 of 14 (14%) patients 
showed partial recovery of portal venous and superior mesenteric 
venous flow, partial thrombolysis, and complete symptomatic 
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relief, and 11 of 14 (79%) had intact MVT and PVT but dramatically 
improved clinical symptoms; 1 of 14 (7%) patients had no improve-
ment and subsequently required bowel resection to treat intesti-
nal infarction.80 The authors concluded that indirect MVT and PVT 
thrombolysis is inferior to direct thrombolytic approaches.80 In 
2012, Wang et al described 47 patients with acute extensive MVT 
and PVT who were treated with urokinase thrombolysis via an 
SMA catheter for a mean 7.1 days87; a portion of this cohort was 
initially reported in 2010.49 Technical success was achieved in all 
cases, 45 of 47 (96%) patients showed clinical improvement, and 
imaging follow-up revealed near complete disappearance and par-
tial recanalization of MVT and PVT in 29 of 47 (64%) and 16 of 47 
(36%) patients. Two of 47 (4%) patients required laparotomy and 
resection of necrotic bowel, and 2 of 47 (4%) patients had recur-
rent MVT or PVT within 5 years.

Portal Vein Recanalization for 
Chronic Occlusion with Combined 
Therapeutic Approaches
Variable outcomes for chronic portal vein recanalization are 
reflective of the technical difficulty of this procedure. In 1993, 
Radosevich et al reported 60% (6 of 10) technical success in portal 
vein recanalization via a TIPS approach with or without adjunctive 
transhepatic portal venous recanalization.88 In 1999, Stein et  al 
described portal vein reconstruction attempted in 21 patients 
using a TIPS (5 patients) or TIPS plus transhepatic approach (16 
patients).89 Technically successful recanalization was achieved in 
18 of 21 (86%) cases, and the primary patency rate was 64% at 43 
months of follow-up.89 In 2004, Bilbao et al described successful 
TIPS recanalization of chronic PVT in 6 patients using auxiliary 
methods such as ultrasound guidance and “gunshot” technique.90 
In 2006, Van Ha et al reported 75% (3 of 4) technical success of 
TIPS recanalization of chronic PVT with cavernous transforma-
tion.68 In 2009, Han et al described 65 patients who underwent 
TIPS for PVT treatment with or without adjunctive transhepatic 
or transsplenic portal vein recanalization.91 TIPS were success-
fully created in 54 of 65 (83%) patients, with 36 undergoing TIPS 
alone, 15 undergoing concomitant transhepatic recanalization, 
and 3 undergoing simultaneous transsplenic recanalization.91 In 
2011, Han et al reported on 57 patients with chronic PVT who 
underwent TIPS, which were successfully created in 43 of 57 
(75%) cases; one procedure-related death was encountered.92 In 
2012, Qi et al described 20 patients with cavernous portal vein 
transformation who underwent attempted TIPS recanalization; 
the technical success rate was 35% (7 of 20).93 In 2013, Salem 
described portal vein recanalization in 30 patients using portal 
vein thromboembolectomy–TIPS (PVTE-TIPS) to reestablish por-
tal vein patency before OLT.94 All cases were technically success-
ful using a combination of percutaneous and transjugular access 
(with snaring), and none required main portal vein stenting; 15 
of 30 (50%) patients were successfully transplanted after portal 
vein recanalization.94

Procedure-Related Complications
The benefits of TIPS, transhepatic portal venous access, and CDT 
for clearance of PVT must be weighed against possible risks. 
When performed by experienced operators in properly selected 

candidates,95,96 TIPS may be created with a reasonable safety profile; 
some adverse effects include hepatic encephalopathy, liver failure 
with deterioration of liver function, bleeding, and infection.97 TIPS 
complications that particularly affect subsequent transplantation 
are uncommon, and the presence of TIPS does not typically impact 
operative technique or result in detrimental effects on posttrans-
plant patient clinical outcomes.98,99 As a matter of caution, IR oper-
ators should take great care in proper stent length selection as well 
as device deployment because shunt extension into the portal vein 
or hepatic level IVC and right atrium, either caused by device mis-
placement or migration, may leave inadequate room for vascular 
cross-clamping at the time of surgery.

Bleeding, either intraperitoneal or liver subcapsular, is the most 
common procedure-related complication after transhepatic por-
tal venous access in patients with portal hypertension, occurring 
with an incidence approximating 16%.100 Anticoagulation contrib-
utes to bleeding frequency, as seen in the islet cell transplant lit-
erature in which hemorrhage occurs in up to 13% of cases,58 and 
independent risk factors for hemorrhagic complications include 
systemic anticoagulation with a heparin dose of 45 units/kg or 
more.58 Fortunately, effective hepatic parenchymal tract emboli-
zation significantly reduces bleeding,58,62 but extreme care should 
be taken in vascular access management after PVT interventions, 
particularly if CDT and anticoagulation are involved. Because 
hemorrhagic events may be heightened during CDT, close clinical 
and laboratory monitoring are also recommended.

Conclusion
Minimally invasive IR treatment strategies constitute an emerg-
ing means to manage MVT and PVT. Although techniques such as 
TIPS and transhepatic portal venous recanalization have demon-
strated many successes to date, more clinical investigation is 
necessary to further define the safety and efficacy of these pro-
cedures, and conception, design, and execution of prospective 
comparative studies assessing IR therapies against conventional 
medical and surgical treatments will help delineate their role in 
the treatment algorithm for MVT and PVT in the future.

References
	 1.	 DeLeve LD, Valla DC, Garcia-Tsao G. Vascular disorders of the liver. Hepatology 

2009;49:1729–1764.
	 2.	 Englesbe MJ, Kubus J, Muhammad W, et al. Portal vein thrombosis and survival 

in patients with cirrhosis. Liver Transpl 2010;16:83–90.
	 3.	 Fimognari FL, Violi F. Portal vein thrombosis in liver cirrhosis. Intern Emerg 

Med 2008;3:213–218.
	 4.	 Francoz C, Valla D, Durand F. Portal vein thrombosis, cirrhosis, and liver trans-

plantation. J Hepatol 2012;57:203–212.
	 5.	 Ogren M, Bergqvist D, Bjorck M, et al. Portal vein thrombosis: prevalence, 

patient characteristics and lifetime risk: a population study based on 23,796 
consecutive autopsies. World J Gastroenterol 2006;12:2115–2119.

	 6.	 Okuda K, Ohnishi K, Kimura K, et al. Incidence of portal vein thrombosis in liver 
cirrhosis. An angiographic study in 708 patients. Gastroenterology 1985;89: 
279–286.

	 7.	 Francoz C, Belghiti J, Vilgrain V, et al. Splanchnic vein thrombosis in candidates 
for liver transplantation: usefulness of screening and anticoagulation. Gut 
2005;54:691–697.

	 8.	 Saad WE, Lippert A, Saad NE, Caldwell S. Etopic varices: anatomical classifi-
cation, hemodynamic classification, and hemodynamic-based management. 
Tech Vasc Interv Radiol 2013;16:158–175.

	 9.	 Vedantham S, Grassi CJ, Ferral H, et al. Reporting standards for endovascular 
treatment of lower extremity deep vein thrombosis. J Vasc Interv Radiol 2009; 
20:S391–S408.

IRBK003-CH24_p205-215.indd   213 5/27/17   10:10 PM



214

Section III: Endovascular Management: Shunts and Splenic Embolization

	 10.	 De Gaetano AM, Lafortune M, Patriquin H, et al. Cavernous transformation of 
the portal vein: patterns of intrahepatic and splanchnic collateral circulation 
detected with Doppler sonography. AJR Am J Roentgenol 1995;165:1151–1155.

	 11.	 Kumar S, Sarr MG, Kamath PS. Mesenteric venous thrombosis. N Engl J Med 
2001;345:1683–1688.

	 12.	 Hollingshead M, Burke CT, Mauro MA, et al. Transcatheter thrombolytic 
therapy for acute mesenteric and portal vein thrombosis. J Vasc Interv Radiol 
2005;16:651–661.

	 13.	 Zipprich A. Hemodynamics in the isolated cirrhotic liver. J Clin Gastroenterol 
2007;41(suppl 3):S254–S258.

	 14.	 Khan MR, Tariq J, Raza R, Effendi MS. Portal hypertensive biliopathy: review of 
pathophysiology and management. Trop Gastroenterol 2012;33:173–178.

	 15.	 Kreft B, Strunk H, Flacke S, et al. Detection of thrombosis in the portal venous 
system: comparison of contrast-enhanced MR angiography with intraarterial 
digital subtraction angiography. Radiology 2000;216:86–92.

	 16.	 Tessler FN, Gehring BJ, Gomes AS, et al. Diagnosis of portal vein thrombosis: 
value of color Doppler imaging. AJR Am J Roentgenol 1991;157:293–296.

	 17.	 Bradbury MS, Kavanagh PV, Bechtold RE, et al. Mesenteric venous thrombosis: 
diagnosis and noninvasive imaging. Radiographics 2002;22:527–541.

	 18.	 Demirjian A, Peng P, Geschwind JF, et al. Infiltrating hepatocellular carcinoma: 
seeing the tree through the forest. J Gastrointest Surg 2011;15:2089–2097.

	 19.	 Bosch J, Abraldes JG, Groszmann R. Current management of portal hyperten-
sion. J Hepatol 2003;38(suppl 1):S54–S68.

	 20.	 Englesbe MJ, Schaubel DE, Cai S, et al. Portal vein thrombosis and liver trans-
plant survival benefit. Liver Transpl 2010;16:999–1005.

	 21.	 Senzolo M, Sartori MT, Lisman T. Should we give thromboprophylaxis to  
patients with liver cirrhosis and coagulopathy? HPB (Oxford) 2009;11:459–464.

	 22.	 Amitrano L, Guardascione MA, Menchise A, et al. Safety and efficacy of antico-
agulation therapy with low molecular weight heparin for portal vein thrombo-
sis in patients with liver cirrhosis. J Clin Gastroenterol 2010;44:448–451.

	 23.	 Brunaud L, Antunes L, Collinet-Adler S, et al. Acute mesenteric venous throm-
bosis: case for nonoperative management. J Vasc Surg 2001;34:673–679.

	 24.	 Clavien PA. Diagnosis and management of mesenteric infarction. Br J Surg 
1990;77:601–603.

	 25.	 Levy PJ, Krausz MM, Manny J. The role of second-look procedure in improving 
survival time for patients with mesenteric venous thrombosis. Surg Gynecol 
Obstet 1990;170:287–291.

	 26.	 Klempnauer J, Grothues F, Bektas H, Pichlmayr R. Results of portal thrombec-
tomy and splanchnic thrombolysis for the surgical management of acute mes-
entericoportal thrombosis. Br J Surg 1997;84:129–132.

	 27.	 Inahara T. Acute superior mesenteric venous thrombosis: treatment by 
thrombectomy. Ann Surg 1971;174:956–961.

	 28.	 Rhee RY, Gloviczki P, Mendonca CT, et al. Mesenteric venous thrombosis: still a 
lethal disease in the 1990s. J Vasc Surg 1994;20:688–697.

	 29.	 Boyer TD, Haskal ZJ. American Association for the Study of Liver Diseases Practice 
Guidelines: the role of transjugular intrahepatic portosystemic shunt creation in 
the management of portal hypertension. J Vasc Interv Radiol 2005;16:615–629.

	 30.	 Gaba RC, Omene BO, Podczerwinski ES, et al. TIPS for treatment of variceal 
hemorrhage: clinical outcomes in 128 patients at a single institution over a 
12-year period. J Vasc Interv Radiol 2012;23:227–235.

	 31.	 Salerno F, Camma C, Enea M, et al. Transjugular intrahepatic portosystemic 
shunt for refractory ascites: a meta-analysis of individual patient data. Gastro-
enterology 2007;133:825–834.

	 32.	 Dhanasekaran R, West JK, Gonzales PC, et al. Transjugular intrahepatic por-
tosystemic shunt for symptomatic refractory hepatic hydrothorax in patients 
with cirrhosis. Am J Gastroenterol 2010;105:635–641.

	 33.	 Garcia-Pagan JC, Caca K, Bureau C, et al. Early use of TIPS in patients with 
cirrhosis and variceal bleeding. N Engl J Med 2010;362:2370–2379.

	 34.	 Saad WE, Madoff DC. Percutaneous portal vein access and transhepatic tract 
hemostasis. Semin Intervent Radiol 2012;29:71–80.

	 35.	 Lowe GD. Virchow’s triad revisited: abnormal flow. Pathophysiol Haemost 
Thromb 2003;33:455–457.

	 36.	 Sersa I, Tratar G, Blinc A. Blood clot dissolution dynamics simulation during 
thrombolytic therapy. J Chem Inf Model 2005;45:1686–1690.

	 37.	 Sersa I, Vidmar J, Grobelnik B, et al. Modelling the effect of laminar axially 
directed blood flow on the dissolution of non-occlusive blood clots. Phys Med 
Biol 2007;52:2969–2985.

	 38.	 Sersa I, Tratar G, Mikac U, Blinc A. A mathematical model for the dissolution of 
non-occlusive blood clots in fast tangential blood flow. Biorheology 2007;44:1–16.

	 39.	 Bajd F, Sersa I. A concept of thrombolysis as a corrosion-erosion process 
verified by optical microscopy. Microcirculation 2012;19:632–641.

	 40.	 Delgado MG, Seijo S, Yepes I, et al. Efficacy and safety of anticoagulation on 
patients with cirrhosis and portal vein thrombosis. Clin Gastroenterol Hepatol 
2012;10:776–783.

	 41.	 Lodhia N, Salem R, Levitsky J. Transjugular intrahepatic portosystemic shunt 
with thrombectomy for the treatment of portal vein thrombosis after liver 
transplantation. Dig Dis Sci 2010;55:529–534.

	 42.	 Results of a prospective randomized trial evaluating surgery versus throm-
bolysis for ischemia of the lower extremity. The STILE trial. Ann Surg 1994; 
220:251–266;discussion 266–258.

	 43.	 Ouriel K, Shortell CK, DeWeese JA, et al. A comparison of thrombolytic therapy 
with operative revascularization in the initial treatment of acute peripheral 
arterial ischemia. J Vasc Surg 1994;19:1021–1030.

	 44.	 Ouriel K, Veith FJ, Sasahara AA. A comparison of recombinant urokinase with 
vascular surgery as initial treatment for acute arterial occlusion of the legs. 
Thrombolysis or Peripheral Arterial Surgery (TOPAS) Investigators. N Engl J 
Med 1998;338:1105–1111.

	 45.	 Watson LI, Armon MP. Thrombolysis for acute deep vein thrombosis. Cochrane 
Database Syst Rev 2004:CD002783.

	 46.	 Cynamon J, Pierpont CE. Thrombolysis for the treatment of thrombosed hemo-
dialysis access grafts. Rev Cardiovasc Med 2002;3(suppl 2):S84–S91.

	 47.	 Roberts AC. Principles of selective thrombolysis. In: Baum S, Pentecost MJ, 
editors. Abrams’ Angiography Interventional Radiology, 2nd ed. Philadelphia: 
Lippincott Williams & Wilkins; 2006, pp 220–232.

	 48.	 Valji K. Standard angiographic and interventional techniques. In: Valji K, editor. 
Vascular and Interventional Radiology, 2nd ed. Philadelphia: Elsevier; 2006, pp 
15–48.

	 49.	 Wang MQ, Guo LP, Lin HY, et al. Transradial approach for transcatheter selec-
tive superior mesenteric artery urokinase infusion therapy in patients with 
acute extensive portal and superior mesenteric vein thrombosis. Cardiovasc 
Intervent Radiol 2010;33:80–89.

	 50.	 Rosen MP, Sheiman R. Transhepatic mechanical thrombectomy followed by 
infusion of TPA into the superior mesenteric artery to treat acute mesenteric 
vein thrombosis. J Vasc Interv Radiol 2000;11:195–198.

	 51.	 Boyer TD, Haskal ZJ. The role of transjugular intrahepatic portosystemic shunt 
in the management of portal hypertension. Hepatology 2005;41:386–400.

	 52.	 Thrombolytic therapy in thrombosis: a National Institutes of Health consensus 
development conference. Ann Intern Med 1980;93:141–144.

	 53.	 DeGasperi A, Corti A, Corso R, et al. Transjugular intrahepatic portosystemic 
shunt (TIPS): the anesthesiological point of view after 150 procedures man-
aged under total intravenous anesthesia. J Clin Monit Comput 2009;23: 
341–346.

	 54.	 Deibert P, Schwarz S, Olschewski M, et al. Factors and prevention of early infec-
tion after implantation or revision of transjugular intrahepatic portosystemic 
shunts: results of a randomized study. Dig Dis Sci 1998;43:1708–1713.

	 55.	 Venkatesan AM, Kundu S, Sacks D, et al. Practice guidelines for adult antibiotic 
prophylaxis during vascular and interventional radiology procedures. Written 
by the Standards of Practice Committee for the Society of Interventional Radi-
ology and Endorsed by the Cardiovascular Interventional Radiological Society 
of Europe and Canadian Interventional Radiology Association [corrected]. 
J Vasc Interv Radiol 2010;21:1611–1630;quiz 1631.

	 56.	 Owen RJ, Ryan EA, O’Kelly K, et al. Percutaneous transhepatic pancreatic islet 
cell transplantation in type 1 diabetes mellitus: radiologic aspects. Radiology 
2003;229:165–170.

	 57.	 Goss JA, Soltes G, Goodpastor SE, et al. Pancreatic islet transplantation: the 
radiographic approach. Transplantation 2003;76:199–203.

	 58.	 Villiger P, Ryan EA, Owen R, et al. Prevention of bleeding after islet transplan-
tation: lessons learned from a multivariate analysis of 132 cases at a single 
institution. Am J Transplant 2005;5:2992–2998.

	 59.	 Venturini M, Angeli E, Maffi P, et al. Technique, complications, and therapeu-
tic efficacy of percutaneous transplantation of human pancreatic islet cells in 
type 1 diabetes: the role of US. Radiology 2005;234:617–624.

	 60.	 Patel NH, Krishnamurthy VN, Kim S, et al. Quality improvement guidelines for 
percutaneous management of acute lower-extremity ischemia. J Vasc Interv 
Radiol 2013;24:3–15.

	 61.	 Kandarpa K. Commonly used medications. In: Kandarpa K, Aruny JE, editors. 
Handbook of Interventional Radiologic Procedures, 3rd ed. Philadelphia: 
Lippincott Williams & Wilkins; 2002. p. 653–685.

	 62.	 Froud T, Yrizarry JM, Alejandro R, Ricordi C. Use of D-STAT to prevent bleed-
ing following percutaneous transhepatic intraportal islet transplantation. Cell 
Transplant 2004;13:55–59.

	 63.	 Haskal ZJ, Duszak R, Jr., Furth EE. Transjugular intrahepatic transcaval porto-
systemic shunt: the gun-sight approach. J Vasc Interv Radiol 1996;7:139–142.

	 64.	 Jourabchi N, McWilliams JP, Lee EW, et al. TIPS placement via combined trans-
jugular and transhepatic approach for cavernous portal vein occlusion: tar-
geted approach. Case Rep Radiol 2013;2013:635391.

	 65.	 Rasinska G, Wermenski K, Rajszys P. Percutaneous transsplenic embolization 
of esophageal varices in a 5-year-old child. Acta Radiol 1987;28:299–301.

IRBK003-CH24_p205-215.indd   214 5/27/17   10:10 PM



Chapter 24: Management of Mesenteric and Portal Vein Thrombosis in Nontransplanted Patients

215

	 66.	 Matsui O, Yoshikawa J, Kadoya M, et al. Transjugular intrahepatic portosystemic 
shunt after previous recanalization of a chronically thrombosed portal vein via 
a transmesenteric approach. Cardiovasc Intervent Radiol 1996;19:352–355.

	 67.	 Bauer J, Johnson S, Durham J, et al. The role of TIPS for portal vein patency in 
liver transplant patients with portal vein thrombosis. Liver Transpl 2006;12: 
1544–1551.

	 68.	 Van Ha TG, Hodge J, Funaki B, et al. Transjugular intrahepatic portosystemic 
shunt placement in patients with cirrhosis and concomitant portal vein 
thrombosis. Cardiovasc Intervent Radiol 2006;29:785–790.

	 69.	 Streitparth F, Santosa F, Milz J, et al. [Transjugular intrahepatic portosystemic 
shunt in patients with portal vein thrombosis]. Rofo 2008;180:899–905.

	 70.	 Luca A, Miraglia R, Caruso S, et al. Short- and long-term effects of the transjug-
ular intrahepatic portosystemic shunt on portal vein thrombosis in patients 
with cirrhosis. Gut 2011;60:846–852.

	 71.	 D’Avola D, Bilbao JI, Zozaya G, et al. Efficacy of transjugular intrahepatic por-
tosystemic shunt to prevent total portal vein thrombosis in cirrhotic patients 
awaiting for liver transplantation. Transplant Proc 2012;44:2603–2605.

	 72.	 Senzolo M, Sartori TM, Rossetto V, et al. Prospective evaluation of anticoagula-
tion and transjugular intrahepatic portosystemic shunt for the management of 
portal vein thrombosis in cirrhosis. Liver Int 2012;32:919–927.

	 73.	 Gaba RC, Parvinian A. TIPS for maintenance of portal venous patency in liver 
transplant candidates. J Clin Imaging Sci 2013;3:29.

	 74.	 McNaughton DA, Abu-Yousef MM. Doppler US of the liver made simple. Radio-
graphics 2011;31:161–188.

	 75.	 McHugh PP, Bietz GJ, Jeon H, et al. Transjugular intrahepatic portosystemic 
shunt to keep vein open. Liver Transpl 2009;15:558–560.

	 76.	 Blum U, Haag K, Rossle M, et al. Noncavernomatous portal vein thrombosis 
in hepatic cirrhosis: treatment with transjugular intrahepatic portosystemic 
shunt and local thrombolysis. Radiology 1995;195:153–157.

	 77.	 Walser EM, NcNees SW, DeLa Pena O, et al. Portal venous thrombosis: 
percutaneous therapy and outcome. J Vasc Interv Radiol 1998;9:119–127.

	 78.	 Ganger DR, Klapman JB, McDonald V, et al. Transjugular intrahepatic porto-
systemic shunt (TIPS) for Budd-Chiari syndrome or portal vein thrombosis: 
review of indications and problems. Am J Gastroenterol 1999;94:603–608.

	 79.	 Senzolo M, Tibbals J, Cholongitas E, et al. Transjugular intrahepatic portosys-
temic shunt for portal vein thrombosis with and without cavernous transfor-
mation. Aliment Pharmacol Ther 2006;23:767–775.

	 80.	 Liu FY, Wang MQ, Fan QS, et al. Interventional treatment for symptomatic 
acute-subacute portal and superior mesenteric vein thrombosis. World J 
Gastroenterol 2009;15:5028–5034.

	 81.	 Liu FY, Wang MQ, Duan F, et al. Interventional therapy for symptomatic-benign 
portal vein occlusion. Hepatogastroenterology 2010;57:1367–1374.

	 82.	 Wang MQ, Liu FY, Duan F, et al. Acute symptomatic mesenteric venous throm-
bosis: treatment by catheter-directed thrombolysis with transjugular intrahe-
patic route. Abdom Imaging 2011;36:390–398.

	 83.	 Luo J, Yan Z, Wang J, et al. Endovascular treatment for nonacute symptomatic 
portal venous thrombosis through intrahepatic portosystemic shunt approach. 
J Vasc Interv Radiol 2011;22:61–69.

	 84.	 Lopera JE, Correa G, Brazzini A, et al. Percutaneous transhepatic treatment of 
symptomatic mesenteric venous thrombosis. J Vasc Surg 2002;36:1058–1061.

	 85.	 Kim HS, Patra A, Khan J, et al. Transhepatic catheter-directed thrombectomy 
and thrombolysis of acute superior mesenteric venous thrombosis. J Vasc 
Interv Radiol 2005;16:1685–1691.

	 86.	 Di Minno MN, Milone F, Milone M, et al. Endovascular thrombolysis in acute 
mesenteric vein thrombosis: a 3-year follow-up with the rate of short and 
long-term sequaelae in 32 patients. Thromb Res 2010;126:295–298.

	 87.	 Wang Y, Wang MQ, Liu FY, et al. [Transradial approach for transcatheter selec-
tive superior mesenteric artery urokinase infusion therapy in patients with 
acute extensive portal and superior mesenteric vein thrombosis]. Zhonghua Yi 
Xue Za Zhi 2012;92:1448–1452.

	 88.	 Radosevich PM, Ring EJ, LaBerge JM, et al. Transjugular intrahepatic porto-
systemic shunts in patients with portal vein occlusion. Radiology 1993;186: 
523–527.

	 89.	 Stein M, Link DP. Symptomatic spleno-mesenteric-portal venous thrombosis: 
recanalization and reconstruction with endovascular stents. J Vasc Interv Radiol 
1999;10:363–371.

	 90.	 Bilbao JI, Elorz M, Vivas I, et al. Transjugular intrahepatic portosystemic shunt 
(TIPS) in the treatment of venous symptomatic chronic portal thrombosis in 
non-cirrhotic patients. Cardiovasc Intervent Radiol 2004;27:474–480.

	 91.	 Han GH, Meng XJ, Yin ZX, et al. [Transjugular intrahepatic portosystemic shunt 
and combination with percutaneous transhepatic or transsplenic approach 
for the treatment of portal vein thrombosis with or without cavernomatous 
transformation]. Zhonghua Yi Xue Za Zhi 2009;89:1549–1552.

	 92.	 Han G, Qi X, He C, et al. Transjugular intrahepatic portosystemic shunt for portal 
vein thrombosis with symptomatic portal hypertension in liver cirrhosis. J 
Hepatol 2011;54:78–88.

	 93.	 Qi X, Han G, Yin Z, et al. Transjugular intrahepatic portosystemic shunt for 
portal cavernoma with symptomatic portal hypertension in non-cirrhotic 
patients. Dig Dis Sci 2012;57:1072–1082.

	 94.	 Salem R. Portal vein thromboembolectomy/TIPS: a novel preliver transplant 
interventional approach to rendering the untransplantable patient transplant- 
ready. J Vasc Interv Radiol 2013;24(suppl):S61.

	 95.	 Gaba RC, Khiatani VL, Knuttinen MG, et al. Comprehensive review of TIPS 
technical complications and how to avoid them. AJR Am J Roentgenol 2011; 
196:675–685.

	 96.	 Gaba RC, Couture PM, Bui JT, et al. Prognostic capability of different liver 
disease scoring systems for prediction of early mortality after transjugular 
intrahepatic portosystemic shunt creation. J Vasc Interv Radiol 2013; 24(3): 
411–420.

	 97.	 Freedman AM, Sanyal AJ, Tisnado J, et al. Complications of transjugular 
intrahepatic portosystemic shunt: a comprehensive review. Radiographics 
1993;13:1185–1210.

	 98.	 Tripathi D, Therapondos G, Redhead DN, et al. Transjugular intrahepatic 
portosystemic stent-shunt and its effects on orthotopic liver transplantation. 
Eur J Gastroenterol Hepatol 2002;14:827–832.

	 99.	 Moreno A, Meneu JC, Moreno E, et al. Liver transplantation and transjugular 
intrahepatic portosystemic shunt. Transplant Proc 2003;35:1869–1870.

	100.	 Ohta M, Hashizume M, Kawanaka H, et al. Complications of percutaneous tran-
shepatic catheterization of the portal venous system in patients with portal 
hypertension. J Gastroenterol Hepatol 1996;11:630–634.

IRBK003-CH24_p205-215.indd   215 5/27/17   10:10 PM



216

Section III: Endovascular Management: Shunts and Splenic Embolization

Chapter 25: Percutaneous Mesocaval Shunts
Robert K. Kerlan Jr., Sue J. Rhee, and Jeanne M. LaBerge

Introduction
Transjugular intrahepatic portosystemic shunts (TIPS) have 
replaced surgical shunting as the preferred method to manage 
symptomatic complications related to portal hypertension that 
fail conservative treatment. Unfortunately, not all patients are 
candidates for conventional TIPS creation.

One situation that makes the creation of TIPS difficult is the 
presence of chronic portal vein (PV) thrombosis (▶  Fig. 25.1). 
Although recanalization of the PV can be achieved in up to 80% of 
individuals, in some cases it is not possible. In patients in whom 
it is not possible, a surgical shunt may be used as an alternative. 
Unfortunately, patients with advanced liver disease have signifi-
cant operative morbidity and mortality related to the operation.

An innovative alternative to the open surgical shunt, the per-
cutaneous mesocaval shunt, was originally described by Nyman 
et  al.1 In this procedure, a direct communication is created 
between the superior mesenteric vein (SMV) and the inferior vena 
cava (IVC). This chapter will describe the technique of creating a 
percutaneous mesocaval shunt.

Indications and Contraindications
•	 Bleeding in patients with chronic PV occlusion

•	 Intractable ascites in patients with chronic PV occlusion
•	 Failed percutaneous transhepatic PV reconstruction
•	 Poor surgical candidate
•	 Failed surgical shunt

Technique
There are two methods to perform a percutaneous mesocaval 
shunt: (1) a combined transabdominal and transvenous approach 
and (2) an exclusively transvenous approach.

Combined Transabdominal and 
Transvenous Approach
The first method uses a combined percutaneous and transvenous 
approach.1 The procedure is reasonably entailed and should be 
performed under general anesthesia. Prophylactic antibiotics 
should be administered.

The patient is placed supine on the computed tomography (CT) 
table. Survey images are obtained to delineate a safe route that 
extends through the SMV into the IVC. As a 22-gauge needle will 
be used to puncture, transgression through liver and bowel is 
acceptable. Routes extending through the pancreatic parenchyma 
or duodenum insinuated between the IVC and SVC are not accept-
able and should be avoided.

A skin site is selected, and the area is sterilely prepped 
and draped. A 22-gauge 15- or 20-cm-length needle is then 
advanced with CT guidance from the anterior abdominal wall 
through the SMV and into the IVC (▶ Fig. 25.2). Blood is aspirated 
through the needle to confirm an intravascular position. Sub-
sequently, a 260–cm, 0.014-in diameter guidewire is advanced 
through the needle into the IVC. Wire position is confirmed with 
CT scanning.

Fig. 25.1  Venous phase of superior mesenteric arteriogram reveals 
occlusion of the extrahepatic portal vein and numerous varices.

Fig. 25.2  A 22-gauge needle (arrow) is advanced from the anterior 
abdominal wall through the superior mesenteric vein into the inferior 
vena cava.
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The patient is subsequently transferred under general anes-
thesia to the fluoroscopic suite, where the skin overlying the 
right internal jugular vein is sterilely prepped and draped. Ultra-
sound-guided access to the right internal jugular vein is estab-
lished, and a 10-Fr sheath is placed. An Amplatz goose-neck or 
other snare is used to capture the free end of the 0.014-in guide-
wire (▶ Fig. 25.3) and pull it externally through the 10-Fr angled 
sheath and out the neck. Of note, the 0.014-in guidewire needs to 
be advanced through the indwelling 22-gauge needle while the 
free end of the wire is being pulled.

Next, a low-profile 3.5- or 4-Fr, 5-mm-diameter, 2-cm-length 
angioplasty balloon catheter is advanced over the 0.014-in guide-
wire. The transabdominal 22-gauge needle is retracted to a posi-
tion proximal to its ventral entry into the SMV. The angioplasty 
balloon is inflated across the tract extending from the IVC to the 
SMV. As the SMV cannot be seen, its position must be estimated.

The balloon catheter is then removed and replaced with a 4-Fr 
angled catheter. A side-arm adaptor is placed on the 4-Fr cathe-
ter allowing injection of contrast through the catheter to assess 
the position of the catheter tip. This catheter is advanced over the 
0.014-in wire through the 10-Fr sheath across the IVC wall into 
the anticipated position of the SMV. A small amount of contrast is 
injected accompanied by gentle manipulation until the catheter 
tip is securely within the SMV (▶ Fig. 25.4).

A second guidewire is then advanced through the 4-Fr catheter 
whose internal diameter will easily accommodate an additional 
0.014- or 0.018-in guidewire. This wire is advanced securely within 
a branch of the SMV. When a secure position has been achieved, the 
original 0.014-in guidewire is removed through the 22-gauge needle, 
and the needle is removed. The 4-Fr catheter can then be advanced 
well into the SMV and the 0.014- or 0.018-in wire removed. A 0.035- 
or 0.038-in stiff exchange wire is then advanced through the 4-Fr 
catheter into a stable position within the SMV vascular bed.

The 4-Fr catheter is then removed. The tapered dilator is then 
reinserted through the 10-Fr sheath, and the sheath–dilator com-
bination is advanced through the IVC wall across the retroper-
itoneal tract securely into the SMV. The dilator is removed, and 
contrast is injected through the sheath to confirm the position 
of the tip and established landmarks for stent graft deployment.

A stent graft is selected with a length adequate to line the tract 
from the SMV to the IVC and a diameter sufficient to decompress 
the portal venous system (usually 8 or 10 mm in diameter). A 
VIATORR (W.L. Gore, Flagstaff, AZ) stent graft is well suited for 
this purpose because the uncovered distal end stent graft may 

Fig. 25.3  A 0.018-in guidewire is snared in the inferior vena cava from a 
jugular approach.

Fig. 25.4  A small amount of contrast is ejected through the transjugular 
4-Fr catheter confirming the distal tip is within the superior mesenteric 
vein (arrow).
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allow additional flow into the shunt from the splenic vein. How-
ever, in the setting of splenic vein thrombosis, a fully covered 
stent graft can be used because additional inflow from the splenic 
vein would not be expected.

The selected stent graft is then advanced through the 10-Fr 
sheath and is deployed into the appropriate position extending 
from the SMV into the IVC (▶ Fig. 25.5). The stent deployment plat-
form is then removed and an 8- or 10-mm-diameter angioplasty 
balloon is inserted over the wire. The stent graft is then dilated 
to its full diameter. The angioplasty balloon is then removed and 
replaced with a diagnostic catheter over the indwelling wire. 
Venography can then be performed to assess the stent position 
(▶ Fig. 25.6). Extension and further stent dilatation are performed 
as necessary. Subsequently, the sheath is removed, and hemostasis  
is achieved by manual compression.

Exclusively Transvenous Approach
The exclusively transvenous approach does not rely on the pres-
ence of a transabdominal wire extending through the SMV into 

the IVC. This technique was described by Hong et al2 and builds 
on a technique for creation of a direct intrahepatic portosystemic 
shunt described by Petersen and Binkert.3

Using general anesthesia, access is obtained from both the 
right common femoral and right internal jugular approach. A 
12-Fr, 80-cm-length sheath with a 6-cm slit cut 10 cm from the 
tip is used. A 10-Fr by 30-cm-length sheath is inserted from the 
jugular approach. A through-and-through guidewire extends into 
the jugular sheath and exits the femoral sheath using standard 
snare techniques, and the sheaths are advanced until a coaxial 
configuration is achieved. A side-firing 8-Fr intravascular ultra-
sound probe (AcuNav; Acuson/Siemens, Mountain View, CA) is 
inserted through the femoral sheath, and an 8-Fr transjugular 
access set (AngioDynamics, Latham, NY) is inserted through the 
jugular The metal cannula from the Rösch–Uchida transjugular 
access set (Coo, Inc., Bloomington, IN) is advanced through the 
jugular sheath and out the precut slit. When the cannula is ori-
ented properly, the 22-gauge needle is advanced out the cannula 
through the inferior vena caval wall into the SMV inferior to the 
uncinate process of the pancreas into the SMV. After confirm-
ing appropriate position with contrast injection, the 0.018-in 
guidewire is advanced through the needle well into the superior 

Fig. 25.5  A stent graft (arrows) is deployed connecting the superior 
mesenteric vein to the inferior vena cava.

Fig. 25.6  A completion venogram is performed confirming the stent 
graft is widely patent and well positioned.
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mesenteric venous system. The 5-Fr catheter is then advanced 
over the needle–wire system into the superior mesenteric venous 
system, and a 0.035-in Amplatz wire is placed securely into the 
vein. This guidewire supports the passage of the 10-Fr sheath 
through the 12-Fr sheath into the SMV. A VIATORR stent graft 
with a diameter of 8 or 10 mm is then positioned through the 
sheath and deployed with its distal end in the SMV and proxi-
mal end within the IVC bridging the entire retroperitoneal tract. 
Venography and pressure measurement are then performed with 
balloon dilatation of the stent as necessary.

Outcomes
Because this procedure has only been rarely reported, reliable 
outcome data reporting significant numbers of patients are not 
yet available. However, on the basis of the limited number of case 
reports, an acceptable safety and therapeutic profile has been 
suggested.

Technical and Hemodynamic Results
The technical success rate is difficult to know with certainty 
because the number of these procedures that have been attempted 
and were unsuccessful is unknown. Moreover, the patient must 
have anatomy suitable for a percutaneous approach including an 
SMV of sufficient size coupled with a route from the SMV to the 
IVC devoid of transverse duodenum and, ideally, pancreas.

When a successful shunt is established, the hemodynamic 
results should parallel that of a successful TIPS with a final por-
tosystemic gradient falling to below 10 mm Hg. The only issue 
in establishing this parallel is that whereas TIPS is a shunt to the 
suprahepatic cava (in essence, a mesoatrial shunt), the percutane-
ous mesocaval shunt is to the infrahepatic IVC. Therefore, if there 
is an obstruction of the IVC more centrally (potentially caused by 
an enlarged caudate lobe of the liver), the shunt may not be as 
effective.

Follow-up imaging with ultrasonography or CT (▶  Fig. 25.7) 
has shown prolonged patency of percutaneous mesocaval shunts. 
Routine imaging follow-up should be obtained at the same inter-
vals performed for patients undergoing TIPS or if bleeding recurs. 
Shunt revision may be necessary when shunt dysfunction is 
detected.

Clinical Outcomes
Resolution of bleeding has been reported in all cases of success-
ful mesocaval shunt creation; however, because fewer than 10 of 
these procedures have been reported to date, the true efficacy of 
percutaneous mesocaval shunt creation remains unknown.

Likewise, serious complications have not been reported, 
although the potential for procedure-related bleeding, intestinal 

injury, pancreatitis, infection, and vascular occlusion must be rec-
ognized. A significant complication in the patients undergoing 
this procedure has the potential to be life threatening.

Conclusion
Percutaneous mesocaval shunt creation is an unusual procedure 
in which portal decompression can be achieved in patients with 
unsuitable anatomy for TIPS creation. To be successful, the supe-
rior mesenteric venous system must allow decompression of the 
bleeding varices. The safety and efficacy profile are unknown 
because of the small number of patients in whom this procedure 
has been performed.
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Fig. 25.7  An axial contrast enhanced computed tomographic image 
confirms the stent graft extending from the superior mesenteric vein to 
the inferior mesenteric vein to be patent.
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Chapter 26: Splenic Artery Embolization for Management 
of Hypersplenism and Portal Hypertension
Raj A. Jain and Charles E. Ray Jr.

Introduction
Partial splenic embolization (PSE) is a technique that provides 
many benefits in the setting of hypersplenism and portal hyper-
tension (PHT); these include decreasing the incidence of variceal 
bleeding and hepatic encephalopathy while increasing liver 
protein production, platelet counts, and white blood cell (WBC) 
counts. A recent review article by Koconis et al nicely documents 
the history, efficacy, and safety of PSE.1

Splenic embolization using autologous clot was first described 
in 1973 by Maddison for treatment of hemorrhage from gastro-
intestinal varices.2 Early in the experience with splenic emboli-
zation, there were unacceptably high rates of splenic abscess, 
pneumonia, sepsis, splenic rupture, and death. This was predom-
inately because of very aggressive embolization techniques and 
the lack of antibiotic prophylaxis. These severe complications 
limited the popularity of the procedure. Improved clinical results 
were obtained with the addition of decreased embolization vol-
ume, antibiotic prophylaxis, and adequate pain control as initially 
described by Spigos et al.3

The clinical utility of PSE was slow to develop because of the 
concurrent development and popularity of both transjugular 
intrahepatic portosystemic shunts (TIPS) and the subsequent 
development of balloon-occluded retrograde transvenous oblite-
ration (BRTO) in the management of PHT and varices. However, in 
the correct clinical context, PSE is a safe and effective procedure 
that should be considered for the management of patients with 
hypersplenism and PHT.

Results and Outcomes
Hemodynamic Results
Chikamori et al evaluated 37 patients who underwent PSE for 
hypersplenism.4 The authors found that the wedged hepatic 
venous pressure before PSE averaged 39 ± 10 cm H2O, which was 
reduced to 33 ± 8 cm H2O after PSE. Additionally, the flow vol-
umes in the splenic vein decreased from 477 ± 200 mL/min before 
PSE to 319 ± 187 mL/min after PSE. However, in this study, there 
was no significant change in the flow volume within the portal 
vein (PV).4 This last finding is likely due to the increase in mes-
enteric arterial flow after PSE, which results in increased mesen-
teric venous flow, offsetting the decreased splenic venous flow 
and thus maintaining portal venous flows.5

Clinical Outcome
The reported ideal degree of splenic devascularization from PSE 
is widely variable throughout the literature, ranging from 20% 
to 70%. Sangro et al recommend a goal of 60% to 70% devas-
cularization to maintain a good response without adverse 
outcomes. In their experience, there was a relapse of hyper-
splenism in patients with less than 50% devascularization.6 

Other investigators have had success with 30% to 40% embo-
lization, with the plan to repeat PSE as needed to control the 
underlying sequelae.7

Similar to patients undergoing splenectomy, it may be worth-
while to administer Haemophilus influenzae, pneumococcal, and 
meningococcal vaccination before PSE in case there is an inad-
vertent high percentage of splenic embolization. In a review of 
patients with splenic trauma, Nakae et al compared 24 patients 
who underwent splenectomy with 34 patients who underwent 
splenic preservation treatment (embolization, partial splenec-
tomy, or splenorrhaphy). They found that there was no significant 
difference in the levels of IgM or specific IgG antibodies against 
14 types of Streptococcus pneumoniae capsular polysaccharide 
between the two groups. This suggests that embolization is as 
detrimental to immune function as splenectomy and that vacci-
nation should be performed.8

In terms of embolic agent choice, Gelfoam (Upjohn, Kalama-
zoo, Michigan) is the embolic agent most frequently described 
in the literature.1 Coils, medium to large polyvinyl alcohol (PVA) 
particles, N-butyl cyanoacrylate (NBCA), or absolute alcohol can 
also be used depending on operator preference and goals of the 
embolization. One advantage of NBCA and absolute alcohol as 
embolic agents is that they do not rely on the patient’s coagu-
lation status. There is considerable variability in the literature 
with regard to how distal the embolization should be; more dis-
tal embolizations (i.e., distal to the splenic hilum) may result 
in higher complication rates9 but may also prevent develop-
ment of collaterals that can lead to a recurrence of hypersplen-
ism.10 In a recent meta-analysis, Schnüriger et al found that the 
main minor complication from more distal embolization was a 
higher rate of segmental splenic infarction.11 In a separate small 
series of children with hypersplenism from thalassemia, the 
lower pole splenic artery was selectively embolized, which was 
thought to help reduce the development of left-sided pleural 
effusions.12

Partial splenic embolization is effective in decreasing the 
rate of variceal bleeding in patients with PHT, regardless of 
the etiology. Pålsson et al followed a cohort of 26 severely ill 
patients with bleeding esophageal varices and thrombocytope-
nia.13 These patients were treated a total of 52 times over the 
course of 20 plus years with PSE, using Gelfoam as the embolic 
agent with a splenic devascularization goal of 30% to 40%. The 
average number of esophageal variceal bleeding episodes per 
patient decreased from 4.3 ± 2.9 before PSE to 1.1 ± 1.7 after PSE 
(P < 0.001).13 In the aforementioned review article by Koconis 
et al, there were four studies that had a combined 50 patients 
with an average of 2.4 variceal bleeding episodes per year that 
decreased to an average of 0.48 bleeding episodes per year, a 
reduction of 80%.1

In a study by Ohmagari et al, 17 patients with portal hyper-
tensive gastropathy were treated with PSE and compared with 
13 control participants. When compared with control parti
cipants, PSE resulted in an 11% reduction in gastric mucosal 
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hemoglobin content (P < 0.01). There was also a 71% rate of 
improvement in portal hypertensive gastropathy in the PSE 
group compared with 8% in the control group at follow-up 
endoscopy (P < 0.05).14

Partial splenic embolization has been found to be effective 
at improving synthetic liver function. In the review article by 
Koconis et al, there were two studies that had a combined 40 
patients who had improved total cholesterol levels, total protein 
levels, albumin levels, and prothrombin time that persisted for 
more than 1 year after PSE.1 The etiology for this improvement 
remains unclear but may be related to increased mesenteric arte-
rial flow, with subsequent improvement in the nutritional levels 
in the PV.

Platelet and WBC counts also improve after PSE in patients 
with hypersplenism. Alzen et al described their experience 
with 17 patients ranging in age from 1 to 31 years in which 
hypersplenism was defined as an enlarged spleen in a patient 
with pancytopenia.15 The main etiologies for splenomegaly in 
this patient population were PV thrombosis (five patients) and 
cystic fibrosis with concomitant cirrhosis (three patients). All 
patients were embolized with 150- to 355-micron PVA particles 
with a goal devascularization of 30% to 60%. Ten of the 17 (59%) 
patients developed a temporary left-sided effusion or ascites. 
The mean platelet count increased from 51,000/µL to 275,000/µL 
two weeks after the procedure; this increase was likely due to 
decreased splenic sequestration. Additionally, the mean WBC 
count increased from 2800 to 8200/µL two weeks after the pro-
cedure, potentially because of decreased leukocyte pooling in 
the spleen.15

Nagata et al treated 15 patients with hypersplenism, with NBCA 
diluted 3 to 1 or 4 to 1 with ethiodized oil. Goal devascularization 
in this study was 60 to 80%. These authors reported that the mean 
platelet count increased from 45,600 to 174,000/µL two weeks 
after the procedure and remained elevated at 88,100/µL 2 months 
after the procedure and 97,600/µL 2 years after the procedure.16 
This overall improvement in platelet count likely helps control 
variceal bleeding.

Similarly, in a series of 32 patients, N’Kontchou et al demon-
strated that platelet counts increased by an average of 185% at 
1 month after PSE, with 31 of 32 (97%) patients achieving plate-
let counts greater than 80,000/µL (only one patient was above 
that threshold before the procedure).17 At 6 months, there was 
still an average increase of 95% compared with baseline counts, 
with 20 of 32 patients (63%) above 80,000/µL. Additionally, aver-
age leukocyte counts increased by an average of 51% at 1 month 
and remained elevated by 30% at 6 months. Finally, this study 
demonstrated usefulness in alleviating pain, which can arise from 
splenomegaly; all four of the patients in this series with painful 
splenomegaly treated with PSE experienced resolution of their 
pain.17

Combination Therapy
In a prospective study by Ohmoto and Yamamoto, 52 patients 
with cirrhosis, esophageal varices, and thrombocytopenia were 
assigned to one of two groups: one treated with endoscopic 
variceal band ligation (EVL) combined with PSE and the other 
one treated with EVL alone.18 PSE was carried out to a 60% to 
80% devascularization. The combination group had lower relative 

risks of new varices (RR = 0.390; P = 0.024), variceal bleeding (RR = 
0.191; P = 0.021), and death (RR = 0.193; P = 0.012). The long-term 
cumulative variceal bleeding rate in the combination group was 
nearly 50% less than in the EVL alone group, with follow-up per-
formed out to 7 years (P = 0.029).18

In a prospective study by Tania et al, 33 patients with esoph-
ageal varices were treated with a combination of EVL with PSE 
and compared with 25 patients who underwent EVL alone.19 The 
combination therapy group had statistically significantly lower 
rates of recurrent esophageal varices at 6, 12, and 24 months of 
21.1%, 37%, and 58.1%, respectively, compared with the EVL alone 
group of 58.1%, 70.7%, and 80.4%, respectively.19

BRTO is a method of treating gastric varices through a gastro-
renal shunt and can be performed via a transjugular or transfem-
oral route. The transjugular approach has been associated with 
a high rate of esophageal variceal development after the proce-
dure (51%–56% at 3 years after the procedure).20 Given that PSE 
decreases portal venous pressure, it was hypothesized that com-
bining PSE with BRTO might reduce the development of esoph-
ageal varices. In a recent study by Chikamori et al, 14 patients 
were treated with PSE in combination with BRTO to treat gastric 
varices in patients with a gastrorenal shunt.21 This combination 
treatment group was compared with 19 patients treated only 
with BRTO. In the combination therapy group, PSE was per-
formed 7 to 14  days before the obliteration procedure. Gastric 
varices resolved in 100% of patients in both groups, and there was 
no significant difference in the 3-year survival rate between the 
two groups. However, the 3-year cumulative occurrence rate of 
esophageal varices was only 9% in the combination group but was 
45% in the group undergoing BRTO alone (P < 0.05).21 This report 
demonstrates that PSE added to BRTO may be more effective for 
the long-term prevention of esophageal varices.

Partial splenic embolization added to the obliteration of porto-
systemic shunts (PSS) may reduce the degree of hepatic enceph-
alopathy. In a study by Yoshida et al, 25 patients with hepatic 
encephalopathy were divided into two groups; 14 patients under-
went obliteration of PSS followed by PSE, and 11 control patients 
underwent only obliteration of PSS.22 Serum ammonia levels were 
lower in the combination group at 6 months, 9 months, 1 year, 
and 2 years after treatment. Grades of encephalopathy were also 
lower in the PSE group at 3 months, 6 months, 9 months, and 
1 year after treatment.22

Transplant Population
Partial splenic embolization has been described as a safe and 
effective technique to decompress the portal system before live 
donor liver transplantation, resulting in improved outcomes. 
Severe PHT increases the risk of intraoperative bleeding and 
graft hyperperfusion, especially in small-for-size grafts that 
are often seen in the live donor setting. Additionally, well-
developed portal venous collaterals lead to difficulty with per-
ihepatic dissection. In a study by Umeda et al, 60 patients with 
liver failure from viral or alcoholic etiologies with severe PHT 
were randomized to two groups: one group underwent prox-
imal splenic artery embolization 12 to 18 hours before live 
donor liver transplantation, and the other group served as a 
control.23 Splenic embolization was carried out with coils deliv-
ered proximal to the origin of the main pancreatic artery (dorsal 
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pancreatic). There was a statistically significant decrease in 
portal venous flow and a concurrent increase in hepatic arte-
rial flow in the proximal splenic embolization population. This 
procedure led to statistically significant decreased operating 
room time, blood loss, need for transfusion, ascites, posttrans-
plant portal venous velocities, and mortality. Additionally, two 
patients in the control group developed splenic arterial steal 
syndrome after transplant and required subsequent proximal 
splenic embolization.23

Partial splenic embolization is a useful technique in the post–
liver transplant population in which either the splenic artery or 
the gastroduodenal artery steals flow from the transplant hepatic 
artery. The majority of these cases involve increased flow via the 
splenic artery as a result of hypersplenism, although steal from 
the gastroduodenal artery may occur in the setting of superior 
mesenteric artery stenosis.24 Steal syndrome is a rare complica-
tion, occurring in fewer than 6% of transplants, but it results in 
graft ischemia, particularly of the bile ducts.9 It is often a diag-
nosis of exclusion after rejection, infection, and vascular throm-
bosis have been ruled out as a cause of elevated liver enzymes, 
decreased liver function, and cholestasis. The diagnosis requires 
careful attention to the dynamic celiac artery angiogram and 
should be suspected when there is persistent flow in the hepatic 
arterial branches at the same time that there is portal venous 
flow from the spleen.24 Other diagnostic criteria for splenic artery 
steal syndrome include a splenic arterial diameter of 4 mm or 
larger or 150% larger in diameter than the hepatic artery. The 
diagnosis can be made as early as 3 weeks or as late as 5.5 years 
after transplant; however, the majority are diagnosed within 
3 months.9

Given the higher risk of infection in the transplant popula-
tion caused by the administration of immunosuppressive med-
ications, PSE should be performed cautiously with the goal of 
less than 30% devascularization even if this necessitates repeat 
intervention.24 In a study by Nussler et al, 29 post-liver trans-
plant patients who were diagnosed with splenic arterial steal 
syndrome underwent coil embolization of the splenic artery.9 
There were rather high rates of adverse outcomes, including PV 
thrombosis (10.3%), sepsis (46.2%), need for splenectomy (27.6%), 
and death (17.2%). These complications, however, occurred in the 
first 15 patients in whom the endovascular technique used distal 
rather than proximal splenic artery coil embolization. In the latter 
14 patients, coil embolization was carried out in the more proxi-
mal splenic artery, thus maintaining distal collateral splenic flow, 
and resulted in no complications and rapid normalization of liver 
function.9 These results demonstrate the importance of perform-
ing the coil embolization in a proximal location for this particular 
patient population.

Complications
As with other embolization procedures, patients often develop 
postembolization syndrome, which consists of fever, nausea, 
decreased appetite, and abdominal pain that begins 1 to 2 days 
after the procedure and lasts for up to 2 weeks. Fevers most likely 
arise from the release of pyrogens by inflammatory cells within 
the infarcted region and can be reduced by administration of ster-
oids. Abdominal pain can typically be controlled with nonsteroidal 
antiinflammatory drugs.25

A wide range of minor complications may occur after PSE, 
including left pleural effusion, ascites, leukocytosis, ileus, and 
prolonged pain. Depending on the size and symptoms, the pleural 
effusion and ascites may require drainage. Major complications 
from PSE more often occur in the setting of a higher percentage 
of devascularization and include splenic abscess, PV thrombosis, 
pancreatitis, severe pneumonia, sepsis, bacterial peritonitis, and 
death. Splenic abscesses often respond to antibiotic manage-
ment; however, some patients require percutaneous or surgical 
drainage.25 Finally, the combination of decreased portal flow and 
increased platelet number after PSE is thought to contribute to 
the risk of developing PV thrombosis, which is initially managed 
with anticoagulation.26

In the reported literature, 15 patients with serious complica-
tions have been reported; in only 11 of these patients was the 
degree of embolization reported.1 In eight of these 11 cases, 
there was 70% or greater devascularization of the spleen. Taking 
the overall number of patients treated with PSE from published 
series of at least 10 patients, Koconis et al were able to identify 
four deaths out of 401 patients, resulting in a 1% mortality rate for 
the procedure.1 This compares with a 2.8% mortality rate reported 
for TIPS patients.27

Procedural Aspects
A typical step-by-step procedure, as performed at the authors’ 
institution, is as follows:
	 1.	 Administer antibiotics and consider vaccinations before the 

procedure.
	 2.	 Access the common femoral artery using a micropuncture 

technique.
	 3.	 Exchange the micropuncture system for a 5-Fr vascular sheath.
	 4.	 Select the celiac axis with a 5-Fr C2 catheter and perform a 

celiac artery angiogram.
	 5.	 Advance either the C2 catheter or a microcatheter and 

microwire through the C2 catheter to selectively catheterize 
the splenic artery and perform a splenic artery angiogram 
(▶ Fig. 26.1).

	 6.	 Deliver embolic agent of choice to achieve 30% to 60% 
embolization. The authors’ institution typically uses larger 
(700–900 micron) particles.

	 7.	 Perform a postembolization splenic angiogram (▶ Fig. 26.2).
	 8.	 Remove catheters and perform a common femoral angio-

gram through the sheath to evaluate for closure device.
	 9.	 Remove the femoral sheath and obtain hemostasis with a 

closure device or manual pressure.
10.	Admit the patient overnight for monitoring and pain control.
11.	Continue antibiotics for 7 to 14 days after the procedure and 

a steroid dose pack for 7 days after the procedure; monitor 
for signs of infection, and maintain adequate pain control.

Conclusion
Partial splenic embolization is a safe and effective method for 
treating patients with hypersplenism and PHT and shows par-
ticular promise when used in combination with other therapies. 
PSE has been shown to be effective in the transplant popula-
tion as well. See ▶ Table 26.1 for a summary of indications and 
contraindications.
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Fig. 26.1  Selective distal embolization procedure used in the treatment of portal hypertension. Preembolization angiography. (a) Selective splenic 
angiography, arterial phase, demonstrating a normal branching pattern and intraparenchymal appearance of the splenic arterial distribution. (b) Selective 
splenic angiography, venous phase, demonstrating homogeneous splenic parenchymal blush and normal splenic venous flow.

Fig. 26.2  Selective distal embolization procedure used in the treatment of portal hypertension. Postembolization angiography. (a) Selective splenic 
angiography, arterial phase, post–Gelfoam embolization demonstrating truncated arterial supply and a patchy heterogenous appearance to the splenic 
parenchyma. Devascularization here would be estimated at 60% to 70%. (b) Selective splenic angiography, venous phase, post–Gelfoam embolization 
redemonstrating patchy parenchymal enhancement.
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Clinical Pearls
Technical Pearls
•	 Embolic agent used for PSE include Gelfoam, particles, coils, 

and NBCA.
•	 The goal (procedural endpoint) is 30% to 60% embolization.
•	 Antibiotics should be administered before and after the 

procedure.
•	 PSE is useful in combination therapy.

Outcomes Pearls
•	 Postembolization syndrome commonly occurs.
•	 Minor complications include ascites, hydrothorax, leukocytosis, 

and pain.
•	 The procedural endpoint is 30% to 60% embolization 

with major complications occurring at higher percentage 
embolizations.

•	 PSE can increase the risk of PV thrombosis (reduced inflow to 
the PV).

References
	 1.	 Koconis KG, Singh H, Soares G. Partial splenic embolization in the treatment of 

patients with portal hypertension: a review of the English language literature. J 
Vasc Interv Radiol 2007;18:463–481.

	 2.	 Maddison FE. Embolic therapy of hypersplenism. Invest Radiol 1973;8:280–281.
	 3.	 Spigos DG, Jonasson O, Mozes M, Capek V. Partial splenic embolization in the 

treatment of hypersplenism. AJR Am J Roentgenol 1979;132:777–782.

	 4.	 Chikamori F, Kuniyoshi N, Kawashima T, Takasae Y. Short-term portal hemody-
namic effects of partial splenic embolization for hypersplenism. Hepatogastro-
enterology 2007:54(78):1847–1849.

	 5.	 Porter BA, Frey CF, Link DP, et al. Splenic embolization monitored by the video 
dilution technique. AJR Am J Roentgenol 1983;141(5):1063–1065.

	 6.	 Sangro B, Bilbao I, Herrero I, et al. Partial splenic embolization for the treatment 
of hypersplenism in cirrhosis. Hepatology 1993;18(2):309–314

	 7.	 Harned RK 2nd, Thompson HR, Kumpe DA, et al. Partial splenic embolization in 
five children with hypersplenism: effects of reduced-volume embolization on 
efficacy and morbidity. Radiology 1998;209:803–806.

	 8.	 Nakae H, Shimazu T, Miyauchi H, et al. Does splenic preservation treatment 
(embolization, splenorrhaphy, and partial splenectomy) improve immunologic 
function and long-term prognosis after splenic injury? J Trauma 2009;67(3): 
557–563.

	 9.	 Nussler NC, Settmacher U, Haase R, et al. Diagnosis and treatment of arterial 
steal syndromes in liver transplant recipients. Liver Transpl 2003;9:596–602.

	10.	 Shah R, Mahour GH, Ford EG, Stanley P. Partial splenic embolization. An effective 
alternative to splenectomy for hypersplenism. Am Surg 1990;56(12):774–777.

	11.	 Schnüriger B, Inaba K, Konstantinidis A, et al. outcomes of proximal versus 
distal splenic artery embolization after trauma: a systematic review and meta-
analysis. J Trauma 2011;70(1):252–260.

	12.	 Stanley P, Shen TC. Partial embolization of the spleen in patients with thalas-
semia. J Vasc Interv Radiol 1995;6:137–142.

	13.	 Pålsson, B, Hallén M, Forsberg AM, Alwmark A. Partial splenic embolization: 
long-term outcome. Langenbecks Arch Surg 2003;387:421–426.

	14.	 Ohmagari K, Toyonaga A, Tanikawa K. Effects of transcatheter splenic arterial 
embolization on portal hypertensive gastric mucosa. Am J Gastroenterol 1993; 
88(11):1837–1841.

	15.	 Alzen G, Basedow J, Luedemann M, et al. Partial splenic embolization as an alter-
native to splenectomy in hypersplenism—single center experience in 16 years. 
Klin Padiatr 2010;222:368–373.

	16.	 Nagata Y, Wray R, Tsugi T, et al. Midterm results of partial splenic embolization 
using N-butyl cyanoacrylate. J Vasc Interv Radiol 2010;21(2):S113.

	17.	 N’Kontchou G, Serror O, Bourcier V, et al. Partial splenic embolization in patients 
with cirrhosis: efficacy, tolerance and long-term outcome in 32 patients. Eur J 
Gastroenterol Hepatol 2005;17(2):179–184.

	18.	 Ohmoto K, Yamamoto S. Prevention of variceal recurrence, bleeding, and death 
in cirrhosis patients with hypersplenism, especially those with severe thrombo-
cytopenia. Hepatogastroenterology 2003;50(54):1766–1769.

	19.	 Taniai N, Onda M, Tajiri T. Endoscopic variceal ligation (EVL) combined with partial 
splenic embolization (PSE). Hepatogastroenterology 1999;46(29):2849–2853.

	20.	 Chikamori F, Kuniyoshi, Shibuya S, Takase Y. Eight years of experience with 
transjugular retrograde obliteration for gastric varices with gastrorenal shunts. 
Surgery 2001;129 (4):414–420.

	21.	 Chikamori F, Kuniyoshi N, Kawashima T, Takase Y. Gastric varices with gastro-
renal shunt: combined therapy using transjugular retrograde obliteration and 
partial splenic embolization. AJR Am J Roentgenol 2008;191:555–559.

	22.	 Yoshida H, Mamada Y, Taniai N, et al. Long-term results of partial splenic artery 
embolization as supplemental treatment for portal-systemic encephalopathy. 
Am J Gastroenterol 2005;100(1):43–47.

	23.	 Umeda Y, Yagi T, Sadamori H, et al. Preoperative proximal splenic artery emboli-
zation: a safe and efficacious portal decompression technique that improves the 
outcome of live donor liver transplantation. Transplant Int 2007;20:947–955.

	24.	 Saad WEA. Management of nonocclusive hepatic artery complications after 
liver transplantation. Tech Vasc Interv Radiol 2007;10(3):221–232.

	25.	 Yoshida H, Mamada Y, Taniai N, Tajiri T. Partial splenic embolization. Hepatol Res 
2008;38:225–233.

	26.	 Noula J, Sourge I, Deckert F, et al. Acute portal vein thrombosis after splenic 
embolization and splenectomy for autoimmune pancytopenia. Eur J Pediatr 
Surg 2005;15:358–360.

	27.	 Papatheodoridis GV, Goulis J, Leandro G, et al. Transjugular intrahepatic porto-
systemic shunt compared with endoscopic treatment for prevention of variceal 
rebleeding: a meta-analysis. Hepatology 1999;30(3):612–622.

Table 26.1  Indications and Contraindications for Splenic Artery 
Embolization in the Setting of Portal Hypertension

Indications

Hypersplenism (treat both thrombocytopenia and leukopenia)

Variceal bleeding (gastric or esophageal)

Prevention of esophageal varices in combination with BRTO or 
endoscopic techniques

Before liver transplant to reduce PHT

After liver transplant with splenic artery steal syndrome

Contraindications

Infection

Pyrexia

Sepsis

BRTO: balloon-occluded retrograde transvenous obliteration; PHT: 
portal hypertension.
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Introduction
While portal interventions on adults have become commonplace, 
as most interventionalists are comfortable with the variety of dif-
ferent approaches, portal interventions in children are perhaps 
more daunting due to their relative infrequency and operator 
trepidation around performing complex interventions on chil-
dren. While it is easy to say kids are just small adults, and one 
can tailor the procedure to a small adult, this is only partially true 
given certain considerations in children (including preoperative, 
intraoperative, and postoperative management) that one should 
be aware of when treating children. Furthermore, certain condi-
tions may present in the pediatric population that may be best 
managed according to a different algorithm than an adult coun-
terpart. Additionally, these complex portal interventions likely 
get triaged to larger academic institutions with pediatric liver 
transplant programs and dedicated children’s hospitals; there-
fore, these interventions may not be a routine practice. With chil-
dren, interventional radiologists can provide a great service by 
offering a minimally invasive approach in managing a life-threat-
ening disease process. In lieu of creating a surgical splenore-
nal or mesocaval shunt, creating a transjugular portosystemic 
shunt (TIPS) can be life-saving in a child with variceal bleeding.  
Congenital abnormalities, such as direct portosystemic shunts 
and Abernethy malformations, may be discovered early in the 
pediatric population and be managed with minimally invasive 
interventional techniques.

Children commonly present in ways similar to adults including 
with variceal bleeding, ascites, or hepatic hydrothorax. However, 
the etiology of portal hypertension in children is certainly dif-
ferent than in adults. In adults, portal hypertension is often the 
result of alcohol consumption or underlying liver cirrhosis sec-
ondary to hepatitis or non-alcoholic steatohepatosis (NASH); in 
children, the causes may be congenital or acquired. Post–chemo-
therapy-related liver disease after leukemia treatment is one situ-
ation where a child may present with portal hypertension. Long-
term jejunal tube feeding in the setting of chronic liver disease 
may result in stomal variceal formation, which may be prone to 
bleeding. Children with biliary atresia may undergo liver trans-
plantation and be susceptible to the complications that go along 
with it, including hepatic artery occlusion or portal vein anasto-
motic narrowing. Another etiology in senestral (left-sided) portal 
hypertension due to splenic thrombosis is dehydration in infants 
and small children. These are all complications that can be man-
aged from a minimally invasive interventional approach, and, in 
children, this is generally preferable compared to larger open-sur-
gical operations.

The remainder of this chapter is divided along technical (pro-
cedural) lines.

Transjugular Intrahepatic 
Portosystemic Shunts (TIPS)
Due to the longer life expectancy of children relative to their 
adult counterparts with portal hypertension, TIPS creation 

may be a bridge to liver transplantation in the setting of por-
tal hypertension. Although the techniques for placement of 
a TIPS are similar among adults and children, factors to con-
sider include the smaller size of the liver and consequently the 
smaller size of the hepatic veins and portal branches. Shunts 
may also need to be tailored and may eventually be modified as 
the child grows.1 Depending on the degree of portal hyperten-
sion and the specific circumstances, direct transhepatic portal 
access or transjugular transhepatic portal sclerotherapy with-
out placement of a TIPS may be options to consider to avoid 
potential complications associated with creation of a TIPS, such 
as hepatic encephalopathy, liver failure and right heart fail-
ure.1,2 Children are much more susceptible to these potential 
risks if appropriate pre-procedural screening or planning is not 
undertaken.

In the setting of a variceal hemorrhage, often the first line of 
management may be endoscopic with banding, vasoconstricting 
medication injection, or glue directly into the varices. In the set-
ting of a life-threatening hemorrhage, a Sengstaken-Blakemore 
occlusion balloon may also be placed. Medical management 
may include beta-blockers, vasopressin, pressor support, and/
or octreotide with supportive therapy with blood and fluid 
resuscitation.

Technique
Creation of a TIPS in a child is similar to that in an adult. Inter-
nal jugular vein access is obtained and, depending on the size 
of the child, ideally a 10-F, 40-cm sheath is placed. A catheter 
such as an MPA or C2 Cobra catheter (with tip cut off) is utilized 
to select a hepatic vein branch (right or middle). Venography is 
performed with contrast and then with CO2 while the catheter 
is wedged, in order to obtain a map of the portal venous sys-
tem. A Rosch Uchida set or a Colapinto needle is used to make 
a puncture into a portal venous branch from the hepatic vein. 
Once needle positioning is confirmed with contrast, a wire is 
placed into the portal venous system. A catheter is then passed 
into the portal venous system and a stiff wire such as an Amplatz 
wire is placed. Pressures are measured, the tract is measured, 
the balloon dilated, and a stent is placed. Eight- to 10-mm diam-
eter Viatorr stentgrafts (Gore & Associates, Flagstaff, AZ) can be 
placed to establish TIPS in larger children and adolescents as 
shown in ▶ Fig. 27.1. However, in smaller prepubertal children, 
balloon-expandable stents are preferred to provide adequate—
but not excessive—portal decompression but at the same time 
allow subsequent expansion of the shunt to 8 to 10 mm as the 
child grows. As a general rule, 8- to 10-mm TIPS can take a child 
into adolescence and adulthood. 

Variceal sclerotherapy using sotradecol, alcohol, and/or coils 
should also be performed. Patients should be admitted postop-
eratively to assess for complications, which, similar to adults, 
include bleeding, hepatic encephalopathy and liver failure. 

TIPS in pediatric transplant recipients can be particularly chal-
lenging because the recipients commonly have split grafts. Left 
hepatic lobe split grafts are particularly challenging because of 
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Fig. 27.1  A 16-year-old male with history of multiple esophageal 
banding procedures for varices who presented for TIPS placement. 
(a) Successful access into a right portal vein branch with contrast DSA 
venography through an Omni Flush catheter positioned in the superior 
mesenteric vein. Notably, there are prominent varices filling compatible 
with the patient’s known portal hypertension. Initial portosystemic 
gradient was 19 mm Hg. (b) Successful creation of a TIPS shunt (arrow) 
with a 10-mm Viatorr (Gore Medical) stent graft post dilated to 10 mm 
with decompression of the patient’s varices. Given the patient’s history 
of previous bleeding it was elected to proceed with sclerotherapy  
and coil embolization of the varices as well. (c) Following placement  
of the TIPS, selective catheterization demonstrates prominent 
esophageal (arrow) and gastric (arrowhead) varices. (d,e) Following  
coil embolization (arrows) and sclerotherapy of varices with 3%  
sodium tetradecyl sulfate there is no further filling of varices noted.  
The portosystemic gradient after placement of the TIPS reduced to 
10 mm Hg. Following the procedure, the patient developed mild 
fatigue and hepatic encephalopathy, which was treated with lactulose 
and has resolved. Patient has done well 4 months post procedure with 
no repeat episodes of bleeding.
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the size of the liver and vessels as well as the unfamiliar orien-
tation of the vessels because most operators are used to right-
sided TIPS (from right or middle hepatic to right portal trajec-
tories). Moreover, split left lobe grafts (especially segment 2/3 
grafts) grow, rotate, and may have rotated vessels conventionally 
oriented.3–5

Portal Vein Recanalization
Portal vein thrombosis (PVT) occurs at a rate of approximately 
12% in pediatric patients after liver transplantation. Patients with 
late PVT, defined as detection 30 or more days after transplant, 
often present with variceal bleeding, which can cause significant 
morbidity. Pediatric liver transplant patients pose unique chal-
lenges to successful portal vein recanalization due to altered anat-
omy, postoperative fibrosis, and smaller caliber vessels. However, 
essentially the same techniques that are utilized in adults can be 
similarly employed in children to recanalize an occluded portal 
vein. In children, generally portal vein occlusion/stenosis is most 
likely in the setting of a liver transplant. Young children most 
commonly receive liver transplants in the setting of biliary atre-
sia. Splenic vein thrombosis, which may propagate to PVT, may be 
due to infection and/or dehydration in small children, especially 
in warm/tropical environments.

Recanalization of the portal vein can be performed from either 
a transhepatic or trans-splenic approach (▶ Fig. 27.2). The trans-
splenic approach may be preferable in some situations due to 
the straight-line approach provided the splenic vein is patent. 
A transhepatic portal vein approach using ultrasound or fluoro-
scopic guidance can also be performed. Generally stenting should 
be performed with balloon expandable covered stents such as the 
iCast stent (Atrium Medical) (▶ Fig. 27.2). This allows for the stent 
to be dilated as needed in the future as the child grows. Again, 
similar to TIPS, 8- to 10-mm portal vein stents can take a child 
into adolescence/adulthood. 

Depending on the degree, length, and chronicity of occlu-
sion, recanalization may be difficult and may require multiple 
approaches and potentially sharp recanalization. Follow-up ultra-
sound and/or MRI of these patients is advisable both initially for 
diagnosis as well as in follow-up to ensure no restenosis. It is eas-
ier to remedy any problems if they are discovered early. A pure 
subacute/acute stenosis may potentially respond to angioplasty 
alone; however, more chronic long-standing occlusions that have 
progressed over time likely require support with a stent.

The tract, whether trans-splenic or transhepatic, should be 
embolized with either coils, gelfoam pledgets, or glue (N-butyl 
cyanoacrylate). Particularly with the trans-splenic (especially 
in the setting of splenomegaly) approach, there is a definite 
concern for post-procedural bleeding, and therefore the patient 
should be admitted to the hospital postoperatively to assess for 
signs of bleeding. As these pediatric cases are commonly per-
formed with general anesthesia, one has to ensure that when 
the patient awakens from anesthesia there is not a sudden 
increase in intra-abdominal pressure, which results in bleed-
ing. It may be wise to hold pressure at the puncture site while 
the patient is waking up from anesthesia, particularly with the 
trans-splenic approach in children. A follow-up ultrasound 
should also be performed the subsequent day to ensure that no 
acute complications develop from the access and to ensure stent 
patency.

Variceal Sclerotherapy
Children with portal hypertension, similar to their adult coun-
terparts, can develop spontaneous splenorenal shunts, esoph-
ageal and gastric varices, and enteric varices. Enteric varices are 
an uncommon manifestation of portal hypertension and occur 
in about 5% of patients with portal hypertension. Treatment may 
include surgery, TIPS, enteroscopic sclerotherapy, percutaneous 
embolization, and occasionally the stenting of a stenosed portal 
vein. Treatment planning should begin with MRI/MRV of the por-
tal venous system to minimize radiation dose in the pediatric pop-
ulation. MRI/MRV provides for treatment planning prior to per-
forming a procedure. Approaches to treating varices are similar 
to that in adults, though—if possible in smaller children—avoiding 
a TIPS at least initially is preferable until they reach full-grown 
size. Transhepatic access to the portal venous system is preferred 
in children with a balloon antegrade transvenous obliteration 
approach (BATO) with coils and sodium tetradecyl sulfate (STS) 
(▶ Fig. 27.3). Depending how superficial the varices are, 1% STS may 
be preferred over 3% STS. Following sclerotherapy of the varices, 
embolization of the transhepatic portal tract can be performed 
with coil/gelfoam pledgets or glue (N-butyl cyanoacrylate). Direct 
percutaneous access into the varices using ultrasound guidance 
with direct sclerotherapy could also be performed in this setting. 

Gastrorenal shunts (a prerequisite for conventional balloon- 
occluded retrograde transvenous obliteration–BRTO) in the set-
ting of gastroesophageal varices or isolated gastric varices have 
recently been described in children.2,6 Prior to this recent report, 
gastrorenal shunts (GRS), and thus conventional BRTO, were only 
described in adults.2 According to the report, conventional BRTO 
for children with bleeding gastric varices is technically feasi-
ble along similar lines with BRTO in adults albeit with smaller 
balloon sizes and less foam sclerosant volumes.2 Partial splenic 
embolization has also been described as an adjunct to variceal 
sclerosis in the setting of partial or complete portal vein throm-
bosis and/or complete splenic vein thrombosis (see below).2

Splenic Embolization
Partial splenic embolization is usually performed for either (1) 
symptomatic portal hypertension or (2) hypersplenism (not synon-
ymous with symptomatic portal hypertension) for the management 
of thrombocytopenia or pancytopenia. In the treatment of symp-
tomatic portal hypertension, the authors resort to partial splenic 
embolization either to augment other management approaches 
(BRTO, for example) or as the only/least-invasive option for manag-
ing portal hypertension (managing gastroesophageal varices with-
out a shunt, for example). Recently recanalized portal vein and/or 
splenic vein is a relative contraindication to splenic embolization 
because it reduces the inflow to the splenic/portal vein and thus 
may predispose to premature rethrombosis after the recanalization. 

Complications from splenic embolization are post-emboliza-
tion syndrome, liquefactive infarction with superadded infection 
(abscess formation), and severe flank pain. Unlike in adults, the 
flank pain after splenic embolization in children can be a source 
of considerable morbidity requiring hospital admission for 
hydration and pain management. In order to reduce the risk of 
liquefactive infarction and make the post-procedural pain man-
ageable, the authors prefer to do multiple2 embolization sessions 
with 25% to 35% of the splenic parenchymal infarcted per session.  

(Text continued on page 230)
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Fig. 27.2  Six-year-old girl with history of biliary atresia status post left lateral segment liver transplant 6 years prior. Severe stenosis of 
the portal vein is demonstrated at the anastomosis (arrows) on (a) MRI and (b) ultrasound. (c) Percutaneous access from a left and right 
(not pictured) transhepatic approach was initially attempted but was unsuccessful. (d) A trans-splenic approach was then performed as it 
was felt that this would provide an easier straight-line approach to recanalization. CO2 splenic venography demonstrated main portal vein 
occlusion at the splenomesenteric confluence, large gastroesophageal varices, and jejunal varices from the superior mesenteric vein at the 
hepaticojejunal anastomosis site. The patient notably presented with jejunal variceal bleeding and these varices were treated with gelfoam 
slurry embolization. (e) After initial conservative approaches, recanalization of the portal vein was performed with the backend of a V18 
wire with successful placement of an 8- × 38-mm iCast covered stent over an Amplatz wire. (f) Post stenting portography demonstrated a 
widely patent portal vein with no significant pressure gradient between the splenic vein and intrahepatic portal vein.
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Fig. 27.3  (a) Ten-year-old girl with a history of biliary cirrhosis and 
portal hypertension who presented with bloody bowel movements and 
blood around the jejunostomy. MRI demonstrated body wall collaterals 
(arrowheads) and intense enhancement of jejunal varices around the 
patient’s jejunostomy tube (arrow). (b-d) Percutaneous access into a 
small intrahepatic portal branch was performed with catheterization 
of the inferior mesenteric vein, which was the source of the patient’s 
perijejunal varices. Note that the portal vein branches are small. Images 
demonstrate prominent jejunal varices (arrowheads) and anterior 
abdominal wall collaterals (arrow). The jejunal varices can be seen 
encircling the site of the patient’s jejunostomy tube (black arrow) and 
were the source of the patient’s bleeding. (e) Following 3% sotradecol 
sclerotherapy and coil embolization (arrows) there is no further filling of 
the patient’s varices. The patient’s portal vein (not pictured) remained 
patent. Her bleeding resolved and she has had no repeat bleeding 
episodes 4 months post procedure.
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Fig. 27.4  (a) Prominent left lower lobe pulmonary arteries (arrow) are noted in this 7-year-old boy. Cardiomegaly was also noted (not pictured). (b) There 
is direct congenital portosystemic shunt between the left portal vein (arrow) and the left hepatic vein (arrowhead). Hepatic vein is isodense to the portal 
vein, also compatible with shunt physiology. Also the right heart chambers are dilated (not fully pictured) from the significant shunting. (c) Cannulation 
of an intrahepatic congenital portosystemic shunt from the left hepatic vein to the left portal vein. A relative small right portal vein (arrow) is noted which 
is well developed. The hepatic veins were also noted to be well developed (not pictured). Occlusion balloon was then placed in the shunt for 20 minutes 
with repeat contrast portography demonstrating satisfactory portal flow into the liver with only 7 mm Hg increase in portosystemic gradient. Therefore, 
it was determined to be safe to occlude the shunt. (d) Two 16-mm Amplatzer Vascular Plug generation 2 (AVP2) plugs placed into the shunt. Follow-up 
ultrasound 2 years later demonstrated complete occlusion of the shunt and the patient was doing symptomatically well with no shortness of breath.

The interval between sessions would be at least 6 to 8 weeks, and 
the schedule of the sessions can be tailored to the child’s sched-
ule (school and summer activity schedule). If large areas of the 
spleen are embolized (intentionally or inadvertently), careful sur-
veillance of the platelet count may be warranted to make sure the 
platelet count does not become excessively high. Excessively high 
platelet counts may lead to thrombogenic states and thrombose 
the splenic and portal veins, particularly when coupled with the 
reduced inflow effect of embolizing a large portion of the spleen. 

Congenital Portosystemic Shunts
Congenital intrahepatic portosystemic shunts (IPSVS) can cause 
significant changes in flow dynamics in the portal circulation and 
result in elevated right heart pressures as well as potentially high- 
output cardiac failure.7–17 Congenital IPSVS represents an abnor-
mal intrahepatic connection between branches of the portal vein 
and the hepatic vein and is due to a persistent communication 
between the vitelline veins of the omphalomesenteric system and 
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the sinus venosus due to a focal absence of sinusoid formation  
(▶ Fig. 27.4). Abernethy malformations are another entity of por-
tosystemic shunts where there is an extrahepatic portosystemic 
shunt as a result of persistent embryonic vessels.7–17 There are 
two main types/categories of Abernathy malformation: Type-I is 
complete diversion of portal blood flow away from the liver with 
resultant no-flow to the liver, and Type-II is partial diversion of 
portal flow away from the liver with residual inline portal flow 
into the liver. Partial diversion (Type-II) is subclassified into: Type-
IIa, where the fistula arises from the portal vein branches (left or 
right, and including patent ductus venosus); Type-IIb, where the 
fistula arises from the main portal vein (including its bifurcation 
or the confluence of its tributaries: the splenic and mesenteric 
veins), and Type-IIc, where the fistula arises from the tributaries 
of the portal vein (splenic and/or mesenteric veins).4–6

Patients with hepatopulmonary shunts can develop hepatopul-
monary syndrome as a result of efflux of venous effluents from 
the liver into the lungs. The exact mechanism is unknown but is 
likely due to a combination of upregulation of nitric oxide pro-
duction and inability of the liver to metabolize vasoactive media-
tors, resulting in V/Q mismatch, diffusion limitation, and shunting 
through pulmonary AVMs. These patients may present with cya-
nosis, clubbing, polycythemia, and impaired exercise tolerance 
from hypoxemia. Serious complications may include systemic 
embolization, pulmonary hemorrhage, or cerebral abscesses.7,8

The most common presenting symptom of congenital porto-
systemic shunts, however, is hepatic encephalopathy secondary 
to hyperammonemia. Often closure of congenital intrahepatic 
portosystemic shunts is clinically indicated. Alternately, if closure 
is neither possible nor feasible due to poorly developed hepatic 
or portal veins, then liver transplantation could be considered. 
Prior to closure, thorough hepatic and portal venography with  
pressure measurements should be performed, and test balloon 
occlusion of the shunt should be performed with repeat venog-
raphy and pressure measurements prior to definitive emboliza-
tion of the shunt. The easiest method for occlusion of these large 
shunts is to utilize the Amplatzer Vascular Plug (AVP2). The key 
is treating these earlier rather than later because as the shunt 
becomes larger over time it becomes more difficult to embolize.

Pearls/Take-Home Points
•	 Portal hypertension presents in children similarly to adults; 

however, the etiologies of portal hypertension are different.
•	 A higher prevalence of portal hypertension cases in children is 

associated with splenic/portal vein thrombosis and splenomegaly- 
associated hyperdynamic portal circulation, compared to adults.

•	 Infections and dehydration cause of portal vein thrombosis in 
children, unlike adults.

•	 Left-lobe split transplant grafts pose technical challenges to 
TIPS creation compared to whole-graft transplants or native 
(non-transplant) livers.

•	 An 8-mm diameter stent for TIPS or a portal vein stent usually 
is large enough to take the patient to adulthood.

•	 In small children unable to tolerate stents for TIPS or portal 
vein stent diameters greater than 6 mm, it is best to place 
balloon-expandable stents and not self-expanding stents. 
Balloon-expandable stents allow subsequent sequential 

dilations to reach the 8 to 10 mm diameters that can take 
children to adulthood.

•	 Gastric varices can be associated with gastrorenal shunts in 
prepubertal children, and thus conventional-BRTO is techni-
cally feasible in these children.

•	 Pain after partial splenic embolization appears to have a 
greater impact on morbidity in children than in adults, and 
this may be due to the medical community’s and society’s 
limited tolerance of children in pain.

•	 The authors prefer to perform 2 to 3 sessions of smaller 
portion (25%–35%) partial splenic embolizations instead of 
a one-time 60% to 80% embolization of the spleen to reduce 
pain-associated morbidity and liquefactive necrosis of the 
spleen in children.

•	 It is best to occlude symptomatic congenital intrahepatic 
porto-systemic shunts earlier than in late stages when the 
embolization procedure is technically more challenging and 
clinical response is less common.
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Chapter 28:  Vascular Anatomy and Classification Schema 
of Gastric Varices Relevant to Balloon-Occluded Retrograde 
Transvenous Obliteration
Minhaj S. Khaja, Shozo Hirota, Kaoru Kobayashi, Satoshi Yamamoto, and Wael E.A. Saad

Introduction
The complex, highly variable anatomy and hemodynamics of the 
portal circulation associated with gastric varices (GVs) are chal-
lenging. However, it is essential for interventional radiologists to 
understand the pathological anatomy and hemodynamics of GVs in 
these patients when making clinical management decisions. Addi-
tionally, a thorough understanding is necessary for describing the 
technical details of the balloon-occluded retrograde transvenous 
obliteration (BRTO) and balloon-occluded antegrade transvenous  
obliteration (BATO) procedures. Given the considerable variability 
in anatomy, pathology, and hemodynamics, numerous descriptive 
and categorical classifications have been described in the past two 
decades by Japanese physicians. This chapter reviews the descrip-
tive anatomy as well as the classification schema that have been 
described that are relevant to the BRTO procedure.

Descriptive Anatomy
The anatomy of the gastric variceal system (GVS), the entity that is 
sclerosed by the BRTO procedure, is summarized in ▶ Table 28.1. 
This section delineates the descriptive and radiographic anatomy 
of the GVS relevant to GVs and the BRTO procedure. Additional 
multimodality detailed radiographic anatomy has previously 
been published by one of the authors.

The GVS can be divided into three main components: (1) an 
afferent (portal venous inflow) part, (2) a central variceal part, and 
(3) an efferent (systemic venous outflow) part (▶ Fig. 28.1a-28.1d).

Afferent (Portal Venous Inflow) 
Feeder(s)
The afferent feeders of the GVS are portal venous branches that 
arise from the splenic vein and supply the GVs (▶ Fig. 28.1a). These 
portal venous inflow vessels do not communicate directly with 
the true (intragastric, submucosal) GVs but rather communicate 
with the GVS, outside of the stomach, usually in the extragastric 
or false GVs (described later) (▶ Fig. 28.2; ▶ Fig. 28.3; ▶ Fig. 28.4; 
▶ Fig. 28.5). The portal venous (afferent) feeders include the left 
gastric vein (LGV), also known as the coronary vein, the posterior 
gastric vein (PGV), and the short gastric vein(s) (SGV or SGVs). 
The PGV is usually singular but can be duplicated or have an early 
bifurcation. There are usually multiple SGVs, but one may pre-
dominate amid the other SGVs. On occasion, it may be difficult to 
differentiate between a lateral-lying PGV or a medial-lying SGV, 
although neither has any technical implications.

The LGV (coronary vein) travels to the left from its origin in the 
very distal splenic vein or proximal main portal vein. Commonly, 
the LGV heads cephalad as it travels leftward as if targeting the 
gastroesophageal junction just below the medial aspect of the left 

Table 28.1  Breakdown and Components of the Gastric Variceal System*

Gastric variceal system 
(GVS) or Complex

Afferent portal venous feeders Posterior gastric vein

Left gastric vein

Short gastric vein

Gastric varices (GV) True gastric varices (intragastric submucosal varices)

Gastric perforator vein or varix

False gastric varices (extragastric intraperitoneal venous sacs and convolutions)

Gastrorenal shunt (GRS) Convoluted transitional intraperitoneal portion

Retroperitoneal GRS proper

Common stump of the GRS proper and the left adrenal vein

*The gastric variceal system is hemodynamically a splenorenal shunt (portosystemic shunt, respectively). This tabulation breaks down the gastric 
variceal system or complex from the portal (splenic) side at the very top to the systemic (renal) side at the very bottom. In other words, the 
tabulation (relative to flow) moves from proximal to distal.1

Adapted from Saad WE. Vascular anatomy and the morphologic and hemodynamic classifications of gastric varices and spontaneous portosystemic shunts 
relevant to the BRTO procedure. Tech Vasc Interv Radiol 2013;16:60–100. With permission from the author and Elsevier.

Splenic vein

Renal vein
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Fig. 28.1  Sagittal illustrations depicting gastrorenal shunt (GRS) and splenorenal shunt (SRS) anatomic features and hemodynamics. 
(a) The key labeled sagittal drawing of the basic anatomy of gastric varices (GVs) and their draining GRS. The afferent portal venous feeders 
originate from the splenic vein (SpV) or portosplenic venous axis. This supplies the GVs, which in turn are drained by the efferent systemic 
venous system. The most common efferent drainage is the GRS, which commonly empties into the left renal vein (LRV). LPV: intrahepatic 
left portal vein. (b) Sagittal drawing of the basic anatomy of morphologic or anatomic SRS. The afferent portal venous feeders come off 
the SpV or portosplenic venous axis. The SRS does not supply any varices and does not run through the wall of the gastrointestinal tract 
(GIT). The most common efferent drainage is the left renal vein (LRV). The SRS, as depicted, commonly meanders (long and tortuous) and 
is not a straight, short portosystemic shunt. Sagittal drawing of the basic anatomy and hemodynamics of a GRS without (c) and with (d) a 
direct SRS component. Please see part A for labeling purposes. Basic GRSs are actually SRSs (or more accurately, spleno-gastro-renal shunts) 
(c). Occasionally, a direct SRS or connection is seen (d, hollow arrow, SRS component). From Saad WE. Vascular anatomy and the morphologic 
and hemodynamic classifications of gastric varices and spontaneous portosystemic shunts relevant to the BRTO procedure. Tech Vasc Interv Radiol 
2013;16:60–100. With permission from the author and Elsevier.
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Fig. 28.3  Portal venogram through a transjugular 
intrahepatic shunt (TIPS). showing the gastric varices (GVs) 
and the gastrorenal shunt (GRS) and its parts. (a,b) Two 
digitally subtracted angiogram images (portograms) in 
sequence performed through a TIPS. The TIPS is patent. 
There is a small diminutive splenic vein (SpV), which most 
likely represents a recanalized, previously thrombosed splenic 
vein. There is also reversal of flow in the splenic vein. The 
GVs (a,b) are supplied by the short gastric vein (SGV); the 
posterior gastric vein (PGV); and, most dominantly, the left 
gastric vein (LGV). The GVs empty into the GRS, which then 
empties into the left renal vein (LRV), which anatomically 
empties into the inferior vena cava (IVC) and right atrium 
(RA). MV: mesenteric vein; PV: main portal vein. From Saad 
WE. Vascular anatomy and the morphologic and hemodynamic 
classifications of gastric varices and spontaneous portosystemic 
shunts relevant to the BRTO procedure. Tech Vasc Interv Radiol 
2013;16:60–100. With permission from the author and Elsevier.

Fig. 28.2  Sagittal illustrations depicting the detailed anatomy of the gastric variceal system (GVS). (a) Labeled sagittal 
drawing of the detailed anatomy of gastric varices (GVs) and their draining gastrorenal shunt (GRS). For simplified and 
basic anatomy, see Fig. 28.1a. The GVS is composed of the afferent portal venous feeders, the central variceal part, and the 
GRS (systemic venous drainer or drainers). The central variceal part has the extragastric or false GVs (F.GV), the intragastric 
submucosal or true GVs (T.GV) (dashed ellipse) and a perforator vein or varix communicating between the false and true 
GVs (hollow arrow). The cluster of false GVs is the central part of the GVS where the true GVs, the afferent feeders, and 
the GRS all communicate. Please see the simplified illustration in Fig. 28.5. The degree of convolutions of the false GVs 
varies considerably from one GVS system to the other. Notice the difference in convolutions and sacculations between 
(a) and (b). The GRS is composed of an intraperitoneal convoluted or transitional part and a retroperitoneal part. The 
transitional or intraperitoneal part is usually more tortuous and drains the false GVs as it transitions from intraperitoneal to 
retroperitoneal. The retroperitoneal part is usually more straight and is composed of two subparts: the GRS proper and the 
common venous stump (common stump), which is the common drain of the GRS proper and the left adrenal vein (Adr. V). 
LGV: left gastric vein; LRV: left renal vein; PCP: pericardiophrenic vein; PGV: posterior gastric vein; St: stomach. From Saad 
WE. Vascular anatomy and the morphologic and hemodynamic classifications of gastric varices and spontaneous portosystemic 
shunts relevant to the BRTO procedure. Tech Vasc Interv Radiol 2013;16:60–100. With permission from the author and Elsevier.
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Fig. 28.4  Detailed anatomy of 
the gastric varices (GVs) and 
gastrorenal shunt (GRS) on 
sagittal and coronal reformats 
with fluoroscopic correlation. This 
aids in the preprocedural imaging 
planning. (a-l) Contrast-enhanced 
sagittal reformats of a CT image 
with magnified insets (b,d,f,h). The 
proximal to distal description is flow 
based. The proximal GRS is caudal 
and nearest to the GVs. The distal 
GRS is retroperitoneal as the GRS 
merges with the left renal vein (LRV). 
The proximal GRS is the convoluted 
portion, which starts intraperitoneal 
(intraperitoneal convoluted portion) 
and passes retroperitoneally to 
merge with the vertically oriented 
(relatively straight) retroperitoneal 
distal portion of the GRS. The 
convoluted portion that passes 
intra- to retroperitoneally is referred 
to by the current authors as the 
“transitional portion” of the GRS (d). 
(continued)
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Fig. 28.4  (Continued) There are 
extragastric intraperitoneal “varices” 
(f,h, solid white arrows) that can be 
considered the most convoluted 
portion of the intraperitoneal 
GRS. However, the “true GVs” are 
intragastric and submucosal (h-l, 
hollow arrows). The posterior gastric 
vein (PGV) (which is the main portal 
venous feeder in this case) is seen 
coming off the splenic vein (SpV) 
in (h-l) and is labeled in (h) as the 
proximal PGV (Px PGV) as it comes 
off the SpV and the distal-PGV 
(Dst PGV) as it merges with the 
extragastric varices. Gon. V: left 
gonadal vein; Intra-Perit GRS: intra-
peritoneal most proximal portion 
of the GRS; PB: pancreatic body in 
cross-section; Phr. V: phrenic vein, 
inferior phrenic vein; Retro-Perit GRS: 
retro-peritoneal vertically oriented 
distal portion of the GRS; Sp: spleen; 
St: stomach; transitional GRS, the 
convoluted portion that connects 
the intraperitoneal GRS to the 
retroperitoneal portion of the GRS. 
(m-p) Contrast-enhanced coronal 
reformat of CT image (m) and its 
fluoroscopic correlates (n-p). The 
distal retroperitoneal GRS (m, asterisk) 
has two tandem web narrowings (m,n, 
hollow arrows). These tandem webs 
were also appreciated on the sagittal 
reformats (f). (o) represents balloon-
occluded venogram (hollow black 
arrow at balloon), and (p) represents 
the balloon-occluded sclerosant 
administration (hollow black arrow at 
balloon). During the procedure and 
under fluoroscopy (n-p), the web 
narrowings are confirmed (n, hollow 
arrows), and the main portal venous 
feeder (in this patient, it is the PGV) 
is also confirmed (o: between solid 
and hollow white arrows). Notice that 
when contrast (heavy liquid contrast) 
only was used, the PGV was visualized. 
(continued)
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Fig. 28.4  (Continued) (o, between solid and 
hollow white arrows); however, when the 
foam sclerosant (lighter foam) is used (p) 
the PGV is not visualized. The take-home 
point is that the foam sclerosant acts 
differently from the heavier liquid nonionic 
contrast. Occasionally, the opposite may 
occur. The portal feeder may be seen on 
the GRS contrast venogram but will be seen 
during sclerosant administration. From Saad 
WE. Vascular anatomy and the morphologic 
and hemodynamic classifications of gastric 
varices and spontaneous portosystemic 
shunts relevant to the BRTO procedure. Tech 
Vasc Interv Radiol 2013;16:60–100. With 
permission from the author and Elsevier.

Fig. 28.5  Illustrations depicting the anatomic 
relationships of the different components of 
the gastric variceal system (GVS). The GVS is 
composed of the afferent portal venous feeders 
(hollow arrows), the central variceal part, and 
the gastrorenal shunt (GRS; systemic venous 
drainer or drainers). The central variceal part has 
the extragastric or false gastric varices (F.GV), 
the intragastric submucosal or true gastric 
varices (T.GV), and a perforator vein or varix 
communicating between the false and true GVs 
(black arrow). The GRS is the efferent (curved 
arrow) systemic venous drainage. The cluster of 
false GVs is the central part of the GVS where 
the true GVs, the afferent feeders (A), and the 
GRS all communicate.  From Saad WE. Vascular 
anatomy and the morphologic and hemodynamic 
classifications of gastric varices and spontaneous 
portosystemic shunts relevant to the BRTO 
procedure. Tech Vasc Interv Radiol 2013;16:60–100. 
With permission from the author and Elsevier.

hemidiaphragm. It terminates near the midline and almost always 
in the cephalad portion of the GVS. The LGV, strictly speaking, 
should be a right-sided component of the spontaneous portosys-
temic shunt because it arises from the portal vein at or near the 
midline. However, the PGV and SGVs are left-sided components of 
the greater portosystemic shunt effect of the GVS.1 This is import-
ant to the later discussions of laterality, afferent dominance, and 
classification systems that determine GVs management.

The posterior gastric vein travels straight up or slightly to the 
left of the GVS, arising from the middle or near middle splenic 
vein. The PGV can be singular or duplicated, and its course may 
be straight, meandering, or spiral. The SGV arises from the splenic 
hilum or very proximal splenic vein just beyond the hilum. 
The SGV then travels medially toward the GVS and enters the 
GVS, commonly higher than the PGV. It usually enters the GVS 
slightly higher than the PGV (ventral to the GVS). As previously 

mentioned, it may be difficult to differentiate a PGV from SGV; 
however, SGVs are shorter and smaller than the PGV and usually 
arise from the splenic hilum or just outside of it.1 From a hemo-
dynamic standpoint, however, differentiation of these two veins 
is not important because they both arise from the proximal half 
of the splenic vein and are clearly left-sided components of the 
portosystemic shunt effect of the GVS.

The portal venous feeders of the GVS vary in dominance. 
Whereas the LGV is the dominant inflow vessel in some patients, 
the PGV/SGVs are dominant in others. In some patients, all three 
vessels (LGV, PGV, and SGVs) are codominant. This combination of 
codominant afferent feeders signifies a complex GVS. The SGV is 
rarely, if ever, the sole dominant portal venous feeder in a patient 
with a patent splenic vein in the authors’ experience. However, in 
the setting of splenic and/or portal venous thrombosis, the SGV 
becomes the main and only portal venous feeder because the 
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only splenic outflow is through the SGVs and gastric wall vari-
ces. In this specific situation, the gastric wall varices are not only 
confined to the proximal stomach (fundus and cardia) but also 
involve the distal stomach (body, antrum, and gastric outlet).1

Patients with bleeding GVs (13% to 53%) have been shown to 
have higher rebleeding rates than patients with esophageal var-
ices (11% to 22%) after transjugular intrahepatic portosystemic 
shunts (TIPS).2 Moreover, TIPS has shown variable results with 
GVs (wide range of rebleeding, 13% to 53%) and has shown more  
consistent results with esophageal varices (narrower range of 
rebleeding, 11% to 20%).2 Based on these reported outcomes, 
there are two theories, based on hemodynamics, as to why TIPS 
have poorer and less consistent results with GVs than esophageal 
varices. The first theory is that portosystemic shunting through 
the gastrorenal shunt (GRS) varies significantly in volume, and 
therefore large GRSs may not be affected by the TIPS and may 
even compete with the TIPS. As such, a low portosystemic pres-
sure gradient may reflect a large GRS with high flow. It is com-
monly believed that TIPS is not effective in managing GVs in the 
setting of a low (<12 mm Hg) portosystemic gradient presumably 
because of a large shunt.2 The second theory is that the portal 
venous feeders (PGV or SGV) of GVs are farther away from the 
TIPS compared with the LGV in patients with EVs. As a result, the 
TIPS may be effective in decompressing GVs with a dominant LGV 
and less effective in decompressing GVs with a dominant PGV or 
SGV.2 The Saad GVs management classification is based on the lat-
ter theory in which LGV-dominant GVs would likely respond to 
TIPS and PGV- or SGV-dominant GVs would respond less to TIPS 
and that BRTO may have a greater and more effective role in man-
aging these patients (see later discussion).

Central Variceal Part of the Gastric 
Variceal System
The central elements of the GVS are composed of the true sub-
mucosal intragastric and false extragastric varices (▶ Table 28.1; 

▶ Fig. 28.2; ▶ Fig. 28.4; ▶ Fig. 28.5). The submucosal intragastric 
varices are the ones that bleed. There may be thickened folds in 
the stomach that do not have varices beneath them. These folds 
may represent mere thickened rugae (gastric folds) or autothrom-
bosed GVs. Between the intra- and extragastric varices is a perfo-
rator vein/varix (▶ Fig. 28.2; ▶ Fig. 28.5).

The extragastric varices are saccules or convolutions located 
outside the gastric wall (▶ Fig. 28.2; ▶ Fig. 28.4; ▶ Fig. 28.5). The 
extragastric varices play a key role in the GVS because the affer-
ent portal feeders empty into them, the perforator vein arises 
from them and penetrates the gastric wall to the true intragastric 
varices, and the GRS (efferent venous drainer) arises from them 
and empties into the left renal vein (LRV). Whereas some patients 
have elaborate false varices and convolutions, others have a sim-
ple network composed of one simple varix or chamber. As such, 
the degree of extragastric variceal complexity varies considerably 
among patients.

Efferent Systemic Venous Drainage
The efferent systemic venous drainage of the GVS can vary widely 
in complexity. Simple efferent drainage may only have a GRS 
present, but more complex systems may have multiple draining 
systemic veins such as the inferior phrenic or pericardiophrenic 
vein, whose hemodynamic significance also varies (see the later 
discussion of the Kiyosue and Hirota classifications).3–5 For the 
purpose of this section, the detailed anatomical description is 
focused on the GRS and the pericardiophrenic or inferior phrenic 
vein (IPV).

The Gastrorenal Shunt
The GRS arises from the intraperitoneal extragastric varices or con-
volutions in the lesser sac. The intraperitoneal portion of the GRS 
is usually convoluted and transitions from an intra- to a retroper-
itoneal location as it travels caudally and posteriorly (▶ Fig. 28.4). 

Fig. 28.6  Anatomy of the distal gastrorenal shunt 
(GRS). This is a drawing illustrating the detailed 
anatomy of the distal GRS where it anastomoses 
with the left renal vein (LRV). The anatomy is not 
as simple. The gastrorenal shunt proper (GRS) 
actually does not fuse with the LRV directly 
but actually merges with the venous outflow 
(adrenal vein, hollow black arrow) of the left 
adrenal gland (left adrenal) to form a common 
stump (asterisk), which acts as the outflow of 
both the gastric varices (not shown) and the left 
adrenal vein. This common trunk (asterisk) then 
merges (anastomoses) with the LRV, which in 
turn empties in the inferior vena cava (IVC). A 
weblike narrowing is commonly encountered at 
the GRS-to-common stump junction (solid black 
arrow). From Saad WE. Vascular anatomy and the 
morphologic and hemodynamic classifications of 
gastric varices and spontaneous portosystemic 
shunts relevant to the BRTO procedure. Tech Vasc 
Interv Radiol 2013;16:60–100. With permission from 
the author and Elsevier.
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As such, the name of this portion of the GRS is the “intraperitoneal 
transitional (convoluted) portion of the GRS” After the GRS transi-
tions into the retroperitoneum, it usually becomes less convoluted 
and travels inferiorly in the retroperitoneum, where it reaches the 
confluence of the common stump of the left adrenal vein and itself 
(GRS) (▶ Fig. 28.2; ▶ Fig. 28.3; ▶ Fig. 28.4).

Commonly, the retroperitoneal portion has one or more web-
like narrowings, which most commonly occurs at the junction of 
the GRS proper (the retroperitoneal portion of the GRS) and the 
common stump (▶ Fig. 28.2; ▶ Fig. 28.3; ▶ Fig. 28.4; ▶ Fig. 28.6; 
▶ Fig. 28.7). The various angles at which the GRS proper dumps 
into the common stump are shown in ▶ Fig. 28.7. Rarely (<2% of 
GVs cases with GRS), the GRS has a common anastomosis with 
the left gonadal vein rather than the left adrenal vein. When this 
occurs, the GRS passes posterior to the LRV and ends in a common 
insertion with the gonadal vein at the inferior aspect of the LRV. In 
addition, the GRS may be duplicated. Duplicated GRS have been 
encountered in fewer than 2% of patients with GRS and GVs.1

Pericardiophrenic Vein
The pericardiophrenic vein, IPV, and phrenic vein are more or 
less synonymous. The pericardial vein and IPV are collectively 
referred to as the pericardiophrenic vein. The IPV is composed 

of two parts: the transverse portion (infradiaphragmatic, hor-
izontally oriented portion) and a vertically oriented portion 
(▶ Fig. 28.8). The vertically oriented portion is further separated 
into ascending and descending components. The ascending part 
usually siphons around the transverse portion and anastomoses 
with it. The GVS is usually located inferior to the ascending part 
of the IPV. The descending part of the IPV contributes to the GRS 
proper by anastomosing with the left adrenal vein. When the IPV 
is large (>3 mm in diameter), the ascending and medial parts of 
the transverse portion are usually disproportionately dilated or 
ectatic.1 Additionally, the IPV can be duplicated or be part of a 
complex phrenic venous plexus. When rudimentary, the IPV can 
be interrupted with various isolated veins that interconnect with 
one another via collaterals.

The pericardial vein usually runs along the edge of the left 
heart descending from the left subclavian or brachiocephalic 
vein (▶ Fig. 28.8). It travels caudally and pierces the left hemidia-
phragm after which it anastomoses with the transverse portion of 
the IPV just lateral to the anastomosis of the ascending part of the 
IPV with the transverse part of the IPV. The current authors pre-
viously published data regarding the visualization of the IPV and 
pericardiophrenic veins. In 130 patients with balloon-occluded 
retrograde venography (BORV), an IPV was seen in 75% of cases 
and a pericardiophrenic vein in an additional 40%.6

Fig. 28.7  Variations in the anatomy 
of the distal gastrorenal shunt 
(GRS). (a) Drawing illustrating the 
detailed anatomy of the distal GRS. 
Please see Fig. 28.6 for anatomic 
and labeling detail. Lt Adr: left 
adrenal gland; Gon. V: left gonadal 
vein. (b,c) Retrograde venograms 
of the same patient opacifying the 
common stump of the GRS outflow. 
They may look very different 
venograms, but they are actually 
from the same patient. After the 
GRS proper is selected (c), the 
stump of adrenal venous tributaries 
is only seen (solid black arrows). 
Injection of contrast in the distal 
GRS opacifies an inferior phrenic 
vein (IPV). (continued)
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Fig. 28.7  (Continued) Compare with two different 
patients in (d-f) and (g,h). (d) Drawing illustrating the 
detailed anatomy of the distal GRS. (e-f) Retrograde 
venograms of the same patient opacifying the common 
stump of the GRS outflow. After the GRS proper is 
selected (e) a typical weblike narrowing is seen between 
the GRS proper and the common stump (see g,h for 
detail). Please compare with two different patients 
in a-c). (f) Balloon occlusion with a balloon-occlusion 
catheter inflated with air (f, hollow white arrow). With 
balloon occlusion, the entire GRS (f) is visualized. 
Incidentally noted is active extravasation (f, Extrav) of 
contrast from the submucosal gastric varices into the 
gastric fundus. (g,h) Images of the retrograde venograms 
of the same patient as in (d-f) detailing the anatomy of 
the distal GRS. The typical weblike narrowing (h, between 
solid black arrows) is seen between the GRS proper and 
the common stump (h, asterisk). The common stump 
empties into the left renal vein (LRV) and then into the 
inferior vena cava (IVC). These venograms are relatively 
forceful injections where only the IPV is opacified or 
visualized. Only balloon occlusion that causes stasis of 
flow and contrast opacification allows full visualization 
of the GRS proper (see f). (i-n) Retrograde venograms 
of a different patient of the common stump of the GRS 
outflow with a line drawing beneath each venographic 
image. The purpose of these images is to show the 
anatomic variations of the “take-off” (or rather, the 
confluence) of the GRS (i-n) with the common stump 
(k-n, asterisk) of the GRS with the left adrenal vein. 
(i,j) Shows the more common relationship between  
the GRS proper and the common stump, where the  
GRS proper merges at an angle between 10 and less 
than 12 o’clock. It is common to not visualize the GRS 
proper without balloon-occlusion venography as seen in 
(i). Only the inflow effect (a vacating effect or wash-in on 
venography) is seen (i, solid black arrow). (continued)
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Fig. 28.7  (Continued) (k-n) shows the less common relationship 
between the GRS proper and the common stump (asterisk) 
where the GRS proper merges at an angle between 12 and 
1 o’clock. From Saad WE. Vascular anatomy and the morphologic 
and hemodynamic classifications of gastric varices and spontaneous 
portosystemic shunts relevant to the BRTO procedure. Tech Vasc 
Interv Radiol 2013;16:60–100. With permission from the author and 
Elsevier.
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Fig. 28.8  Venous anatomy of the pericardiophrenic and left adrenal 
vein and their anastomoses. The percardiophrenic vein complex is 
composed of a pericardial vein (pericardial) that anastomoses with the 
left subclavian vein near the left subclavian–left brachiocephalic vein 
junction (near the anastomosis of the left internal jugular and the left 
subclavian). The pericardial vein courses inferiorly along the left heart 
border, transgresses the left hemidiaphragm, and anastomoses with 
the transverse subdiaphragmatic portion of the inferior phrenic vein 
(TIP). The TIP courses below the diaphragm and anastomoses with 
the lateral (usually anterolateral aspect) of the immediate infracardiac 
inferior vena cava (IVC). Occasionally, the TIP anastomosis close to or 
into the left hepatic vein as it empties in the IVC. The vertical portion 
of the inferior phrenic vein (IPV) is divided into the ascending part (AIP) 
and the descending part (DIP). The AIP ascends toward the diaphragm 
and typically, but not necessarily, arcs posterior and superiorly to 
the TIP and descends to anastomoses with the TIP usually close to 
the midclavicular line. The arcing of the AIP around the TIP, and then 
its anastomosis with the TIPS forms a loop, especially when the AIP 
and TIPS are hypertrophic. The distance between the pericardial 
vein anastomosis with the TIP and the DIP anastomosis with the TIPS 
varies in length but is usually within 2 cm in distance. The DIP courses 
inferiorly and usually anastomoses with the left adrenal venous outflow 
(left adrenal vein) to form a common trunk (see Fig. 28.6, asterisk) 
that in turn anastomoses with the superior aspect of the left renal 
vein (renal). The DIP is presumed to be the anatomical origin of the 
gastrorenal shunt when gastric varices (GVs) develop. The DIP and the 
AIP may not be contiguous and may be replaced by a series of relaying 
retroperitoneal venous segments that connect (relay) via retroperitoneal 
collaterals. The IPV may also be duplicated (contiguous or interrupted). 
In addition, other innominate retroperitoneal veins can anastomose 
with the left-sided intercostal, subcostal, or lumbar veins. The IPV 
complex is a collective of the AIP, the DIP, and the TIP. From Saad WE. 
Vascular anatomy and the morphologic and hemodynamic classifications of 
gastric varices and spontaneous portosystemic shunts relevant to the BRTO 
procedure. Tech Vasc Interv Radiol 2013;16:60–100. With permission from 
the author and Elsevier.

Retroperitoneal Veins
There are numerous other systemic venous draining veins, which 
are collectively referred to as retroperitoneal veins. These are 
commonly seen on BORV.6

Variations in Systemic Venous Drainage
In more than 93% of the first 60 consecutive BRTO cases per-
formed by one of the authors (WES), the GRS was singular and 
emptied on the superior aspect of the LRV via a common trunk 
with the left adrenal vein.1 This drainage pathway was also seen 
on 88.3% of 130 patients during BORV performed by the authors.6 
This is the conventional or most common systemic venous 
drainage.

From the same group of 60 consecutive BRTO procedures, fewer 
than 2% of patients had a singular GRS that emptied on the ven-
tral or inferior aspect of the LRV via a common trunk with the 
venous outflow of the left gonadal vein. The significance of this 
anatomy is that it poses difficulty in catheterization and bal-
loon occlusion, particularly from a femoral approach (a jugular 
approach is slightly favorable but still difficult in this setting).1 
Also reported is a drainage configuration in which in addition to 
the conventional drainage pathway described earlier is a large 
(>3 mm in diameter) IPV (seen in 3% to 5% of patients [WES]).1 
The significance of this anatomy is that it may pose considerable 
decompression (escape) of contrast and subsequently sclerosant 
to fill the GVs completely. This size IPV (>3 mm in diameter) usu-
ally requires coil embolization from either the GVS side or from 
the systemic venous side (from the inferior vena cava side). More-
over, IPVs that have diameter larger than 5 mm may even make it 
feasible to place an additional balloon occlusion catheter (BRTO 
approach).

Classifications
The following are classifications that have been described over 
the past 2 decades. In addition, there are new classifications of 
gastric, duodenal, and mesenteric varices. The new classifications 
(the Saad gastroduodenal and mesenteric variceal classification 
and Saad classifications for GVs [inflow and outflow]) may be 
helpful in planning the management of small bowel (duodenal 
and mesenteric) varices and GVs, respectively. These two new 
classifications have a management component that discusses the 
options for decompression (TIPS or recanalization of thrombosed 
portal vessels) and not just obliterative options, as has commonly 
been described in the literature.

Saad Gastroduodenal and Mesenteric 
Variceal Classification and 
Classification-Based Management
This is a global classification system that applies to all splanchnic 
(gastric, duodenal, and mesenteric) varices. However, its applica-
tion is primarily for duodenal and mesenteric varices (▶ Fig. 28.9). 
The management strategies for the treatment of the above types 
within this classification are primarily based on whether the var-
ices have portal or systemic outflow dominance and the presence 
and absence of generalized portal hypertension.1
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Fig. 28.9  Classification of ectopic varices (gastric, duodenal, mesenteric, and stomal varices). (a,b) Baseline labeled anatomy images to help interpret 
the images of the classification system. (They are the templates for the remainder of the figures.) The image demonstrates a representative portal 
or mesenteric vein branch (Port Circ) on the right and a representative systemic vein branch (Syst Circ) on the left of a cross-section through a bowel 
loop, which is a representative of the gastrointestinal tract (GIT). Typical portal venous (splanchnic veins) branches include the portal vein proper, 
the mesenteric vein (and tributaries), and the splenic vein. Typical systemic veins (but not confined to the examples given) include the inferior vena 
cava, gonadal veins, renal veins, and retroperitoneal and paravertebral veins. Varices (ectopic varices) are seen in the wall of the bowel. (a) The 
“ectopic varices” in this depicted instance is supplied and drained by portal collaterals (hollow black arrows) and is also drained (efferent collateral) by a 
portosystemic collateral (black arrow). (b) The “ectopic varices” in this depicted instance is supplied and drained by portal collaterals (hollow black arrows) 
and is not drained by a portosystemic collateral. The efferent collateral drainage is portal and not systemic. (c) Overview of the classification system. 
In short, type a is nonocclusive and is pressure driven (oncotic). Type a is usually with some element of portosystemic collaterals (types a2 and a3) to 
decompress the higher portal pressure. Type b is the occlusive type and can have no portosystemic collaterals; the varices can simply be part of a portal-
to-portal “bypass” of a focal occlusion (type b1); however, portosystemic collaterals can exist (types b2 and b3). (continued)
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Fig. 28.9  (Continued)  (d) Illustration demonstrating 
type 1 ectopic varices without portal venous branch 
occlusion (type 1a) and with portal venous branch 
occlusion (type 1b). The portal venous branch can be 
any vein (location or size) in the portal circulation. This 
includes mesenteric vein and tributaries and portal vein 
tributaries as well as the main portal, mesenteric, and 
splenic veins. Obviously, balloon-occluded retrograde 
transvenous obliteration (BRTO) of these ectopic varices 
(type 1) is not feasible because, by definition, BRTO 
is via the portosystemic collaterals from the systemic 
venous side, and in type 1, there are no portosystemic 
collaterals. Any balloon obliteration would be from 
the portal venous side (balloon-occluded antegrade 
transvenous obliteration [BATO]). In essence, type 1b 
can be applied to gastric varices (GVs) in the presence 
of splenic vein thrombosis (segmental or sentinel portal 
hypertension) and absence of a gastrorenal shunt (GRS). 
HTN: hypertension. (e) Illustration demonstrating type 2 
ectopic varices without portal venous branch occlusion 
(type 2a) and with portal venous branch occlusion (type 
2b). The portal venous branch can be any vein (location 
or size) in the portal circulation. BRTO of these ectopic 
varices (type 2) is feasible because, by definition, BRTO 
is via the portosystemic collaterals from the systemic 
venous side, and in type 2, there are rudimentary 
portosystemic collaterals. Rudimentary means that it 
is not the main efferent outflow of the ectopic varices. 
The main efferent outflow of the ectopic varices in type 
2 is portal and not portosystemic. Flow in the existing 
portosystemic collaterals may be minimal and may even 
fluctuate. (f) Illustration demonstrating type 3 ectopic 
varices without portal venous branch occlusion (type 3a) 
and with portal venous branch occlusion (type 3b). The 
portal venous branch can be any vein (location or size) 
in the portal circulation. BRTO of these ectopic varices 
(type 2) is feasible because, by definition, BRTO is via 
the portosystemic collaterals from the systemic venous 
side, and in type 3, there are predominant portosystemic 
collaterals. Predominant means that it is the main 
efferent outflow of the ectopic varices. The main efferent 
outflow of the ectopic varices in type 3 is portosystemic 
and not portoportal. From Saad WE. Vascular anatomy 
and the morphologic and hemodynamic classifications 
of gastric varices and spontaneous portosystemic shunts 
relevant to the BRTO procedure. Tech Vasc Interv Radiol 
2013;16:60–100. With permission from the author and 
Elsevier.
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Hirota Balloon-Occluded Retrograde 
Venography Classifications and 
Kiyosue Classification for Efferent 
Outflow: Management Based on 
Drainage (Efferent) Veins as seen 
on Presclerosant Balloon-Occluded 
Retrograde Venography
As described by the title, this is a classification system based on 
findings of BORV (▶ Fig. 28.10).

Kiyosue Classification for Afferent 
Inflow and Classification-Based 
Management: Management Based on 
Portal Venous (Afferent) Feeders
This is not only a morphologic or anatomic classification but is 
also a hemodynamic classification (▶ Fig. 28.11).

Saad Classification for Afferent 
Inflow and Efferent Outflow of 
Gastroesophageal Varices and 
Classification-Based Management
This is a classification system based on the dominance of the por-
tal venous afferent feeders in the presence or absence of a GRS and 
the presence or absence of splenic vein thrombosis (▶ Fig. 28.12). 
The unique matter of this classification is the presence or absence 
of splenic vein thrombosis and the option of decompression (TIPS 
creation, splenic embolization, or both) instead of the only option 
of variceal obliteration. Moreover, this classification partly stems 
from the Sarin classification-based management system pre-
sented by Al-Osaimi and Caldwell.3

Fukuda-Hirota Hemodynamic 
Classification for Gastric Varices
This is different from the Hirota BORV classification described 
earlier. The Hirota BORV classification is based on BRTO.  

Fig. 28.10  Balloon-occluded retrograde 
venography–based Hirota classification. 
(a,b) This is the key labeled drawing of the 
anatomy of gastric varices (GVs) and the 
draining systemic veins, which includes 
the draining GRS. As the title implies, the 
classification is based on BORV of the GRS. 
The image is to help identify structures in the 
classification in (c). (continued)
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Fig. 28.10  (Continued) The inferior 
phrenic vein (IPV) has a vertical part and 
a horizontally oriented subdiaphragmatic 
transverse part (Trsv. IPV). The vertical 
part is composed of an ascending 
portion (Asc. IPV) and a descending 
portion. When the descending portion 
anastomoses with the adrenal vein or 
the common trunk of the adrenal vein 
and the GRS proper (hollow arrows), 
it forms the GRS. Occasionally, there 
are retroperitoneal veins or adrenal 
venous collaterals (dashed arrow) that 
communicate between the distal 
GRS (distal relative to blood flow) and 
the left adrenal vein(s). Additional 
venous collaterals (solid black arrow) 
can communicate between the gastric 
variceal system (GVS) and the azygous–
hemiazygos axis or esophageal varices. 
Adr. V: adrenal vein; Asc. IPV: ascending 
portion of the vertical part of the inferior 
phrenic vein; IVC: inferior vena cava; 
LRV: left renal vein; RPVs: innominate 
retroperitoneal veins; Trsv. IPV: transverse 
portion of the inferior phrenic vein. 
(c) Schematic classification based on 
the anatomical BORV classification by 
Hirota. Type I (d,e) is the simplest GVS by 
BORV drained by the GRS and without 
other systemic venous draining veins 
(significant or insignificant). Because of 
the lack of decompression of contrast 
by venous collaterals, the entire GVS is 
opacified by contrast. The hollow black 
arrow points to the occlusive balloon. 
Type II (f,g) is a simple GVS drained 
by the GRS and with insignificant 
(nondecompressive) systemic venous 
draining veins, which are typically inferior 
phrenic veins. Because of the negligible 
decompression of contrast by the small 
collaterals and IPV, the entire GVS is 
opacified by contrast. Type III (h,i) is 
a more complex GVS drained by the 
GRS and with an additional significant 
(decompressive) systemic venous 
draining vein (typically IPV, which is 
usually >3 mm in diameter). Because 
of the significant decompression of 
contrast by the large IPV, the GVS is 
not completely opacified by contrast. 
(continued)
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Fig. 28.10  (Continued) Type IV 
(j,k) is a complex GVS drained by the 
GRS and with additional numerous 
collaterals that cumulatively are 
significantly decompressive to the 
GVS. Because of the significant 
decompression of contrast by the 
numerous collaterals, the GVS is not 
completely opacified by contrast 
(more so than type III). This is the 
most common (>40% of BRTO cases 
with a GRS) cause of technical failure 
of BRTO (Saad type III failure). In 
type V (l,m), BORV is not possible 
because the balloon of the available 
balloon-occlusion catheter is too 
small to occlude (“trap”) the GRS. 
This is considered Saad type II 
technical failure, which represents 
more than 35% of technical failures. 
From Saad WE. Vascular anatomy and 
the morphologic and hemodynamic 
classifications of gastric varices and 
spontaneous portosystemic shunts 
relevant to the BRTO procedure. Tech 
Vasc Interv Radiol 2013;16:60–100. 
With permission from the author and 
Elsevier.

This is a hemodynamic classification system (based on celiac and 
superior mesenteric angiography) that has not shown a particular 
management value (▶ Fig. 28.13).7

Matsumoto Hemodynamic 
Classification of Gastric Varices 
for Predicting the Aggravation of 
Esophageal Varices After Balloon-
Occluded Retrograde Venography 
Classifications
This is a hemodynamic classification system that has not shown 
a particular management value but has shown to be a predic-
tor for the aggravation of esophageal varices after BRTO.8 It is 

based on left gastric artery angiography. The classification is 
simple: whereas type 1 has portosystemic flow in the GRS, type 
2 has no portosystemic flow in the GRS on left gastric artery 
angiography.

Conclusion
There is considerable anatomic variation and complexity in the 
GVS. The GVS is composed of the afferent portal venous feeders, 
the central GVs, and the GRS (outflow). The GRS is part of the 
greater GVS, which, from a hemodynamic standpoint, is a spleno-
renal shunt (spleno-gastric-renal shunt). The morphologic sple-
norenal shunt, however, is not associated with varices. Numerous 
anatomic and hemodynamic classification systems exist and have 
been described. They commonly have particular management or 
outcome applications or implications, respectively.
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Fig. 28.11  Saad modification of the Kiyosue classification of the systemic venous drainage of gastric varices (GVs). (a,b) The key labeled drawing of the 
anatomy of GVs and the draining systemic veins, which includes the draining gastrorenal shunt (GRS), if present. The image is to help identify structures 
in the classification in (c). The primary difference between (a) and (b) is the size and morphology of the inferior phrenic vein (IPV). The IPV has a vertical 
part and a horizontally oriented subdiaphragmatic transverse part (hollow black arrows). The vertical part is composed of an ascending portion (Asc. IPV) 
and a descending portion. When the descending portion anastomoses with the adrenal vein, it forms the GRS. Asc. IPV: ascending portion of the vertical 
part of the inferior phrenic vein; D: duodenum; E: esophagus; IVC: inferior vena cava; LRV: left renal vein; MV: mesenteric vein; PGV: posterior gastric vein; 
PV: main portal vein; SpV: splenic vein. (c) Schematic classification based on the anatomical classification of Kiyosue et al.5,6 Type A is the simplest 
gastric variceal system (GVS) drained by the GRS and without other systemic venous draining veins (significant or insignificant). Type B is a simple 
GVS drained by the GRS and with insignificant (nondecompressive) systemic venous draining veins, which are typically IPVs but can also be other 
retroperitoneal veins (innominate veins, hemiazygos tributaries, intercostal veins, and adrenal veins). Type C is a more complex GVS drained by the 
GRS and with an additional significant (decompressive) systemic venous draining vein (IPV, usually >3 mm in diameter, Saad interpretation of diameter 
estimate). Type D is a GVS that is not drained by the GRS. In other words, no GRS exists. However, there is significant systemic venous drainage by 
other retroperitoneal or phrenic vein(s). In type D1, the decompressive systemic venous draining veins have no particular predominance and include 
IPVs but can also be other retroperitoneal veins such as innominate retroperitoneal veins, hemiazygos tributaries, intercostal veins, and adrenal veins. 
Type D GVs represent more than 40% of technical failures (Saad type III failure). Type D2 is the same as type D1, but there is a predominant systemic 
venous draining vein (usually >3 mm in diameter) that can be accessible and is amenable to balloon-occluded retrograde transvenous obliteration 
(BRTO) via unconventional systemic veins. These predominant draining routes include (1) hemiazygos–azygous axis, (2) IPV (usually the ascending 
portion leading to the transverse portion as drawn), and (3) pericardial vein (or pericardiophrenic vein). From Saad WE. Vascular anatomy and the 
morphologic and hemodynamic classifications of gastric varices and spontaneous portosystemic shunts relevant to the BRTO procedure. Tech Vasc Interv Radiol 
2013;16:60–100. With permission from the author and Elsevier.
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Fig. 28.12  Anatomic and hemodynamic classification of isolated gastric varices (GVs) and gastroesophageal varices. This is similar (with added 
complexity) to the Fukuda-Hirota classification. (a,b) The key labeled drawing of the basic anatomy of esophageal and GVs and their draining gastrorenal 
shunt (GRS). The drawings are the key for the structure identification and labeling of the classification system illustrated and described in (c,d,e,f). The 
afferent portal venous feeders of the GVs comes off the splenic vein (SV) or portosplenic venous axis. These include the left (LGV), posterior (PGV), and 
short (SGV) gastric veins. The GVs are in turn drained by the efferent systemic venous system, which as drawn here is the GRS, which empties into the left 
renal vein (LRV). The gastroesophageal varices can be classified into esophageal varices (EVs) and GVs. The GVs can be subclassified into fundic (F.GV) and 
cardia (C.GV). MV: mesenteric vein; PV: portal vein (main portal vein). (c) Saad type 1 GVs are isolated cardia GVs without fundic varices that probably 
correlate with the endoscopic Sarin classification. The dominant portal venous feeder in these cases is the LGV, which comes off the distal SV, proximal 
main PV, or splenoportal junction. The posterior and short gastric portal venous feeders are diminutive. Variations to Saad type 1 are the presence or 
absence of associated esophageal varices or the presence (type 1b) or absence (type 1a) of a draining GRS. Because of that the main portal venous feeder 
(LGV) is central or close to the main PV, the hemodynamics of this type 1 varices are very similar to those of esophageal varices, especially in the absence 
of a GRS (type 1a). As a result, type 1 GVs would probably respond favorably to a transjugular intrahepatic portosystemic shunt (TIPS), especially in the 
absence of a GRS (type 1a). If a GRS is present (type 1b), the GVs may respond to TIPS with LGV embolization. Obviously, a balloon-occluded retrograde 
transvenous obliteration (BRTO) can be performed; however, if EV exist without endoscopic control, a TIPS is preferred. (continued)
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Fig. 28.12  (Continued) (d) Saad type 2 GVs are isolated fundic GVs without cardia GVs that probably correlate with endoscopic 
Sarin classification (IGV-1) and the Fukuda-Hirota type 1 (please see Fig. 28.13). The dominant portal venous feeder in these 
cases is the posterior (PGV) and short (SGV) gastric vein, which come off the proximal SV near the splenic hilum and distant 
from the liver and main PV. The left gastric portal venous feeder is diminutive. Variations to Saad type 2 is the presence (type 
2b) or absence (type 2a) of a draining GRS. Because of that the main portal venous feeders (PGV, SGV, or both) is at a distance 
from the main PV and liver, a TIPS may be less effective, especially in the presence of a large (high-flow) GRS. In the presence 
of a GRS (type 2b), especially a large one, a BRTO is preferred. If there is no GRS (type 2a), a TIPS with portal venous feeder 
embolization would be effective. (e) Saad type III GVs are complex cardiofundic GVs with a high association with esophageal 
varices and probably correlate with endoscopic Sarin classification (GOV-2) and the Fukuda-Hirota type 3. All three portal 
venous feeders are involved and have variable dominance. These are usually complex and large variceal systems. Variations to 
Saad type 3 are the presence (type 3b) or absence (type 3a) of a draining GRS. When the GRS is present (type 3b), the GRS is 
usually large and has significant flow acting as an outflow to the three enlarged portal venous feeders (PGV, SGV, and LGV). 
In the absence of a GRS (type 3a), a TIPS is recommended with multiple portal venous feeder embolizations or trans-TIPS 
on-occluded antegrade transvenous obliteration (BATO) approach sclerosis. In the presence of a large GRS (type 3b), a BRTO 
with or without a TIPS is recommended. (continued)
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Fig. 28.13  Anatomic and hemodynamic classification and configurations of isolated gastric varices (GVs) and 
gastroesophageal varices in the experience of Fukuda and Hirota and coworkers. Type 1 (Saad type 2b) has fundic 
varices with predominant short and posterior gastric veins without esophageal varices. Type 2 is similar to type-1 but 
has additional esophageal varices that are not hemodynamically connected with the GVs and do not contribute to the 
gastrorenal shunt (GRS) outflow. Type 3 (Saad type 3b) has the complex gastroesophageal varices with all having the 
GRS as the primary outflow. Type 4 (Saad type 1b) has GVs that are supplied solely or predominantly by the left gastric 
vein (LGV). PV: portal vein; SV: splenic vein. From Saad WE. Vascular anatomy and the morphologic and hemodynamic 
classifications of gastric varices and spontaneous portosystemic shunts relevant to the BRTO procedure. Tech Vasc Interv Radiol 
2013;16:60–100. With permission from the author and Elsevier.

Fig. 28.12  (Continued) (f) Saad type 4 GVs are similar to type 2 or type 3 (and are more likely to be similar to type 3), 
but is the presence of splenic with or without portal venous thrombosis. In these cases, the decisive factor is whether 
the PV is patent. If there are a patent PV and a GRS, a BRTO procedure would be reasonable. If the PV is occluded in 
the presence of a GRS, then the GRS most likely will be the outflow of the mesenteric and SVs, and BRTO is ill advised 
unless the PV is recannulated (with or without a TIPS) or there is significant cavernous transformation of the PV that 
can replace the PV as a hepatic inflow and a mesenteric outflow. In the absence of a GRS and in the presence of SV 
thrombosis with or without PV thrombosis, splenic artery embolization would be recommended. From Saad WE. 
Vascular anatomy and the morphologic and hemodynamic classifications of gastric varices and spontaneous portosystemic 
shunts relevant to the BRTO procedure. Tech Vasc Interv Radiol 2013;16:60–100. With permission from the author and Elsevier.
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Chapter 29: The Conventional Balloon-Occluded Retrograde 
Transvenous Obliteration Procedure
Minhaj S. Khaja and Wael E.A. Saad

Introduction
Transvenous obliteration of gastric varices can be performed from 
the systemic-venous side (draining veins/shunts) or from the por-
tal-venous side (portal afferent feeders). When balloon-occluded 
transvenous obliteration is performed from the systemic veins, it 
is referred to as balloon-occluded retrograde transvenous oblite-
ration (BRTO) (▶ Fig. 29.1; ▶ Fig. 29.2). However, when balloon-oc-
cluded transvenous obliteration is performed from the portal 
vein and its afferent feeders, it is referred to as balloon-occluded 
antegrade transvenous obliteration (BATO) (▶  Fig.  29.3).1 BRTO 
is the conventional obliterative procedure because it is the least 
invasive choice of access or approach via a transfemoral, trans-
renal route2–5 (▶  Fig. 29.1; ▶  Fig. 29.2). However, BATO is con-
sidered an alternative or adjunctive approach.1,6 The objective 
of BRTO and BATO is complete obliteration of the gastric varices 
while preserving anatomical hepatopetal flow of the splenoportal 
circulation.

This chapter discusses the indications, contraindications, and 
technical considerations of the conventional BRTO procedure. 
The indications of concomitant portal venous modulators such 
as splenic embolization or the creation of a transjugular intrahe-
patic portosystemic shunt (TIPS) are briefly mentioned.

Indications and Contraindications
The two clinical indications for BRTO are gastric variceal bleed-
ing (impending, prior or current or active) and, to a lesser extent, 
refractory debilitating hepatic encephalopathy.7

The contraindications to BRTO are only relative contraindi-
cations at best. The contraindications include (i) severe uncor-
rected coagulopathy (which in this clinical setting is likely caused 
by liver failure), (ii) splenic vein thrombosis (segmental portal 
hypertension), (iii) portal vein thrombosis, and (iv) uncontrolled 
esophageal variceal bleeding. In patients with severe, uncorrected 
coagulopathy, commonly associated with liver failure, BRTO is 
probably being performed as an emergent, heroic measure to 
stop life-threatening gastric variceal bleeding. This is particularly 
true when the alternative (TIPS) has a high mortality rate in the 
setting of severe hepatic failure. The most serious contraindica-
tion, although not an absolute contraindication, is chronic portal 
vein thrombosis in which the gastrorenal shunt (GRS) is the only 
splenomesenteric (splanchnic) outflow.

Uncontrolled esophageal variceal bleeding can be considered 
a contraindication to BRTO when performed solely. To clarify, a 
combined TIPS with BRTO or TIPS with trans-TIPS BATO can be 
performed as necessary. Hypothetically, if the gastric varices are 
primarily supplied by the left gastric vein (which usually supplies 
uncontrolled esophageal varices), they usually respond to a TIPS 
equally as effectively as esophageal varices.8

Performing BRTO in the presence of portal vein thrombosis may 
have potentially grave consequences and is a serious dilemma for 
the team managing the patient. Because the entire splenic and 

mesenteric outflow may be through the GRS, closure of the shunt 
could cause splenic engorgement and more thrombosis and, 
potentially, venous mesenteric ischemia. In this scenario, BRTO, 
if performed at all, is performed as part of a greater portal pro-
cedure (beyond the scope of this chapter). Similar to portal vein 
thrombosis, performing BRTO in a patient with isolated splenic 
vein thrombosis is a dilemma. In the opinion of the current 
authors, the primary endovascular management, especially in the 
presence of splenomegaly, is partial splenic (arterial) emboliza-
tion with or without BRTO.9

Fig. 29.1  Illustrations of common anatomy for the conventional 
balloon-occluded retrograde transvenous obliteration (BRTO) 
procedure. (a) The basic portosystemic venous anatomy of gastric 
varices (GVs) pertinent to the conventional BRTO procedure with the 
classic gastrorenal shunt (asterisk), which is more common than a direct 
gastrocaval shunt. (b) The basic portosystemic venous anatomy of 
GVs pertinent to the conventional BRTO procedure but with the less 
common direct gastrocaval shunt (asterisk). IVC: inferior vena cava; 
LGV: left gastric vein; LRV: left renal vein; MV: mesenteric vein; PGV: 
posterior gastric vein; PV: portal vein; SGV: short gastric vein; SV: splenic 
vein. (Reproduced with permission from Saad WE, Kitanosono T, Koizumi J, 
Hirota S. The conventional balloon-occluded retrograde transvenous 
obliteration procedure: indications, contraindications and technical 
applications. Tech Vasc Intervent Radiol 2013;16:101–151.)
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Fig. 29.2  Illustration of the basic approach of the conventional balloon-occluded retrograde transvenous obliteration (BRTO) procedure. (a) BRTO 
through a transfemoral approach with the balloon in the gastrorenal shunt (GRS). BRTO is obliteration from the systemic vein side, and balloon-occluded 
antegrade transvenous obliteration is obliteration from the portal venous side. (b) BRTO through a transfemoral approach with the balloon in the GRS. 
GV: gastric varices. (Reproduced with permission from Saad WE, Kitanosono T, Koizumi J, Hirota S. The conventional balloon-occluded retrograde transvenous 
obliteration procedure: indications, contraindications and technical applications. Tech Vasc Intervent Radiol 2013;16:101–151.)

Fig. 29.3  Balloon-occluded antegrade transvenous obliteration (BATO). Illustration demonstrating BATO (balloon occlusion from the portal venous 
side) and its subclassification into percutaneous transhepatic obliteration (PTO; a) and trans-TIPS (transjugular intrahepatic portosystemic shunt; 
b) obliteration. GV: gastric varices. (Reproduced with permission from Saad WE, Kitanosono T, Koizumi J, Hirota S. The conventional balloon-occluded 
retrograde transvenous obliteration procedure: indications, contraindications and technical applications. Tech Vasc Intervent Radiol 2013;16:101–151.)
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Fig. 29.4  Balloon-occluded retrograde 
transvenous obliteration (BRTO) attempt in the 
presence of an inflated Blakemore (gastric or 
fundic) balloon. (The balloon must be deflated.) 
Chest radiography with the upper abdomen with 
a Blakemore tube inflated (a,b) and pulled back 
in the stomach fundus (asterisk). (continued)

Technique of the Balloon-
Occluded Retrograde Transvenous 
Obliteration Procedure
The hemodynamic endpoint of BRTO is the complete oblite-
ration of the gastric varices while preserving the anatomical 
hepatopetal flow through the splenoportal veins. The concept 
of BRTO (▶  Fig. 29.1; ▶  Fig. 29.2) is to access and occlude the 
GRS with subsequent reflux of sclerosant throughout the gastric 
variceal system without spillage into the portal circulation.2–4 
The basic steps of the BRTO procedure are listed and summa-
rized in ▶ Table 29.1. The following is a detailed description of 
the procedural steps of BRTO of gastric varices. For the inventory 
used, particularly balloon-occlusion catheters and sclerosants, 
see Saad et al.10

The operator should note that in the setting of active gastric 
variceal bleeding, transoral gastric tamponade insufflation bal-
loons (e.g., the Blakemore tube) should be used. However, if the 
gastric Blakemore tube is placed and inflated, it is of utmost 
importance that the gastric balloon be deflated (intraprocedurally) 
during the catheterization stage of the BRTO procedure; if inflated, 
the balloon compresses and distorts the varices and creates addi-
tional difficult anatomy for the BRTO procedure (▶ Fig. 29.4). Addi-
tionally, the compression of the gastric varices by the Blakemore 
balloon will not allow for adequate filling of the varices by the scle-
rosant, even with appropriate balloon occlusion of the gastrorenal 
shunt, and complete obliteration or sclerosis of the gastric varices 
will be virtually impossible. As a result of incomplete obliteration, 
if bleeding continues after the BRTO, then a balloon-occluded ante-
grade transvenous obliteration, TIPS, or both is required because 
the draining GRS at that point will be sclerosed or thrombosed.

Table 29.1  Procedural Steps of the Conventional Balloon-Occluded Retrograde Transvenous Obliteration Procedure

Broad Procedural Steps Specific Procedural Steps

1. Access and approach (see ▶ Fig. 29.5) •	 Venous access (femoral vs. jugular)
•	 Approach from infrarenal IVC or suprarenal IVC

2. Selective catheterization (see ▶ Figs. 29.6, 29.7, 29.8, 29.9, 
29.10, 29.11, 29.12, 29.13)

•	 Catheterization of the left renal vein
•	 Catheterization of the common stump of the adrenal vein and GRS
•	 Selective catheterization of the GRS proper

3. “Trapping” of the gastric variceal system (see ▶ Figs. 29.14, 
29.15, 29.16, 29.17, 29.18, 29.19, 29.20, 29.21)

•	 Balloon occlusion of the GRS (with balloon manipulation)
•	 Collateral vein embolization or sclerosis
•	 BATO debranching

4. Balloon-occluded retrograde venography

5. Sclerosant administration (see ▶ Figs. 29.22, 29.23) •	 Preferably microcatheter catheterization of the gastric variceal system
•	 Preferably even distribution of the sclerosant mixture

6. Additional intraprocedural imaging (if any) (see ▶ Fig. 29.19c-e) •	 Cone-beam dynamic computed tomography
•	 Hemodynamic analysis and imaging

7. Indwelling sclerosant with indwelling temporary balloon or balloon-occlusion catheter

8. Deflation of balloon (deflation of balloon-occlusion catheter)

BATO: balloon-occluded antegrade transvenous obliteration; GRS: gastrorenal shunt; IVC; inferior vena cava. 
Reproduced with permission from Saad WE, Kitanosono T, Koizumi J, Hirota S. The conventional balloon-occluded retrograde transvenous obliteration 
procedure: indications, contraindications and technical applications. Tech Vasc Intervent Radiol 2013;16:101–151.
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Access and Approach
For conventional BRTO (via the GRS), the approach is invaria-
bly transrenal to the GRS.2–5 However, the access and approach 
to the left renal vein can be transfemoral or transjugular2–4,6,11–16 
(▶  Fig. 29.1; ▶  Fig. 29.2). The transjugular approach is advan-
tageous in that it is less likely to introduce infection compared 
with the transfemoral approach and is likely better tolerated by 
the patient. Bacteremia suspected from the indwelling balloon 
has been described in 2.4% of cases.11 However, the transjugular 
approach requires longer reinforced sheaths to reach the GRS 
(at least 50- to 55-cm length), which may not be easily available 
to all operators. Conversely, the transfemoral approach requires 
shorter reinforced sheaths (40- to 45-cm length) and frees the 
right internal jugular vein for additional access, particularly when 
adjunctive transcaval phrenic vein embolization is required or for 
additional TIPS creation. The primary advantage of the transfem-
oral approach is the “pushability” of the coaxial wire and catheter 
system. Selection of the left renal vein and GRS from a jugular 
approach usually requires Cobra-shaped selective catheters and 
balloon-occlusion catheters. Alternatively, a Simmons-shaped 
catheter is usually required to select the GRS from a femoral 
approach, although Cobra-shaped catheters may also be used.

The distance between the common stump (of the left adrenal 
vein and GRS) and the inferior vena cava (IVC) can vary. Addition-
ally, the origin of the common stump may vary in angulation as it 
arises from the superior aspect of the left renal vein (▶ Fig. 29.5; 
▶ Fig. 29.6). The GRS is easier to select from a femoral approach 
when it is situated closer to the IVC and has a steeper (more 
perpendicular) angle with relation to the renal vein. Conversely, 
selection of the GRS is easier from the jugular approach when 
it originates farther from the IVC and has a shallower (more 

Fig. 29.4  (Continued) (c,d) Digital subtraction venograms, one from the gastrorenal shunt (c, GRS) and a splenoportogram (d). In both venograms the 
portal feeders in the splenoportogram (d), which is the posterior gastric vein (PGV) or the gastric varices (GVs) drainer, which is the GRS, are truncated 
because of the significant compressive nature of the fundic balloon (asterisk). The gastric varices themselves (not visualized) are completely compressed 
(which is the purpose of the balloon). It is paramount that the gastric balloon be deflated (intraprocedurally) during the early part (catheterization stage) 
of the BRTO procedure. An inflated gastric balloon compresses the gastric varices and distorts, or even compresses, the GRS anatomy, making the BRTO 
procedure difficult or impossible. In addition, even in the advent of balloon occluding the GRS, inadequate filling of the GVs by the sclerosant will occur 
because the GVs are compressed. As a result, complete obliteration or sclerosis of the GVs is virtually impossible in the presence of an inflated balloon. IVC: 
inferior vena cava; PV: main portal vein; SpV: splenic vein. (e) Selective venogram of the PGV leading to the GVs, which are in the gastric fundus (asterisk). 
The fundic balloon has been deflated to allow visualization of the GVs. The PGV is selected from a balloon-occluded antegrade transvenous obliteration 
(BATO) approach via a newly established transjugular intrahepatic portosystemic shunt (trans-TIPS BATO). In addition, note the BRTO balloon (open arrow). 
(Reproduced with permission from Saad WE, Kitanosono T, Koizumi J, Hirota S. The conventional balloon-occluded retrograde transvenous obliteration procedure: 
indications, contraindications and technical applications. Tech Vasc Intervent Radiol 2013;16:101–151.)

Fig. 29.5  Anatomy of the distal gastrorenal shunt (GRS) and its venous 
outflow. The GRS commonly does not empty directly into the left renal 
vein (LRV) but actually empties in the LRV via a common stump (asterisk) 
with the left adrenal vein (open arrow). Commonly, there is a weblike 
narrowing (solid black arrow) at the junction of the GRS (the GRS proper) 
with the common trunk (asterisk). IVC: inferior vena cava. (Reproduced 
with permission from Saad WE, Kitanosono T, Koizumi J, Hirota S. The 
conventional balloon-occluded retrograde transvenous obliteration 
procedure: indications, contraindications and technical applications. Tech 
Vasc Intervent Radiol 2013;16:101–151.)

parallel) angle with the left renal vein (▶  Fig. 29.6). However, 
this anatomical and technical divide may be moot when using 
the transfemoral pullback straight-sheath selection approach 
described later.
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Fig. 29.6  Choice of approach (transjugular or transfemoral) based on 
the varying anatomy of the distal gastrorenal shunt (GRS) and its venous 
outflow. The GRS commonly does not empty directly into the left renal 
vein (LRV) but actually empties in the LRV via a common stump with the 
left adrenal vein. For labeling of anatomical structure, see ▶ Fig. 29.5. 
(a) The takeoff of the common stump of the GRS is close to the junction 
of the LRV with the inferior vena cava (IVC) and makes a shallower angle 
(more parallel to the LRV) with the LRV. Catheterization in this setting 
is more favorable via a transfemoral approach. The primary factor for 
a transfemoral approach here is the short distance between the GRS 
(common stump) and the IVC. (b) The takeoff of the common stump 
of the GRS is more or less midway between the LRV–IVC junction and 
the left renal hilum. In addition, the GRS makes a shallower angle (more 
parallel to the LRV) with the LRV. This anatomical setting is between 
▶ Fig. 29.6a and Fig. 29.6c, and catheterization in this setting can be 
via a transfemoral or transjugular approach (depending on operator 
preference and availability of inventory). (c) The takeoff of the common 
stump of the GRS is a distance from the junction of the LRV with the 
IVC and makes a steep angle (more perpendicular to the LRV) with the 
LRV. Catheterization in this setting is more favorable via a transjugular 
approach. (Reproduced with permission from Saad WE, Kitanosono T, 
Koizumi J, Hirota S. The conventional balloon-occluded retrograde 
transvenous obliteration procedure: indications, contraindications and 
technical applications. Tech Vasc Intervent Radiol 2013;16:101–151.)

Fig. 29.7  Catheter selection steps of the 
gastrorenal shunt (GRS) from the inferior 
vena cava (IVC). The GRS commonly does not 
empty directly into the left renal vein (LRV) but 
actually empties in the LRV via a common stump 
(asterisk) with the left adrenal vein. Commonly, 
there is a weblike narrowing (solid black arrow) 
at the junction of the GRS (the GRS proper) 
with the common trunk (asterisk). From the 
IVC, the operator should select three catheter 
selections from the IVC to the LRV (arrow in 
step 1), from the LRV to the common trunk of 
the adrenal vein and the GRS (arrow in step 2), 
and from the common stump to the GRS proper 
(arrow in step 3). (Reproduced with permission 
from Saad WE, Kitanosono T, Koizumi J, Hirota 
S. The conventional balloon-occluded retrograde 
transvenous obliteration procedure: indications, 
contraindications and technical applications. Tech 
Vasc Intervent Radiol 2013;16:101–151.)

Catheter Selection of the 
Gastrorenal Shunt
The selection of the GRS is actually a three-step process, and any 
one of the steps can pose a significant technical challenge to the 

catheter selection process. The three-in-one selection includes (i) 
from the IVC to the left renal vein, (ii) from the left renal vein to 
the common stump of the left adrenal vein and the GRS, and (iii) 
from the common stump to the GRS proper (▶  Fig. 29.7). The 
complexity of the selection is because the GRS is commonly a 
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Fig. 29.8  Varying anatomy of the distal 
gastrorenal shunt (GRS) and its venous outflow 
in different patients. (a) The GRS commonly 
does not empty directly into the left renal vein 
(LRV) but actually empties in the LRV via a 
common stump (asterisk) with the left adrenal 
vein. Commonly, there is a weblike narrowing 
(solid black arrow) at the junction of the GRS 
(the GRS proper) with the common trunk 
(asterisk). IVC: inferior vena cava. (b) Venogram 
of the common stump refluxing contrast 
into the smaller adrenal veins (tributaries). 
Neither the GRS proper nor its effect (inflow 
or wash-in) is visualized in this venogram. (c) 
Venogram in a completely different patient 
from (b) of the common stump and distal GRS 
refluxing contrast into inferior phrenic vein 
(IPV). The common stump is seen inferiorly 
with the adrenal vein stump barely visualized 
(arrow). (d) See (a) for labeling. (e) Venogram 
in a completely different patient from (a-c) of 
the common stump and distal GRS refluxing 
contrast into the IPV. The common stump is 
seen inferior to the GRS proper with a web-
narrowing in between arrows (g,h). (f) Balloon-
occluded retrograde venogram (BORV) of the 
gastric variceal system in the same patient as 
in (e,g,h). The occlusive balloon (open arrow) of 
the balloon-occlusion catheter is filled with air. 
Contrast is seen filling the GRS and is also seen 
extravasating (Extrav) from the gastric varices 
into the fundus of the stomach. (continued)
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Fig. 29.8  (Continued) (g) Venogram in the same patient as (d-f) 
detailing the venographic anatomy of the common stump and 
distal GRS (h is a magnified inset). The catheter is in the distal GRS 
proper and has reached there by being advanced through a web 
narrowing (between solid arrows, h). Contrast is seen refluxing into 
the IPV and emptying into the common stump (asterisk) of the 
GRS and the adrenal vein(s). The common stump empties into 
the LRV and subsequently the IVC. Web narrowings are difficult to 
traverse with catheters and wires. However, when traversed, they 
make very effective “choke points” that do not necessarily require 
balloon sizes greater than 10 mm to occlude (f). (i) Venogram in 
a completely different patient from parts b and c of the common 
stump and distal GRS and the adrenal vein with a magnified inset 
(j) via a Simmons II catheter. Contrast is seen in the common 
outflow stump (asterisk) of the adrenal vein and the GRS proper. 
Occasionally, the GRS is not seen, but its effect (wash-in) is seen 
in the venogram of the common stump. Operators must be 
cognizant of this and identify it. Identifying the wash-in (i, solid 
black arrow) of the GRS is important because it tells the operator 
where to direct the selection catheter and wire to selectively 
catheterize the GRS proper. The GRS proper is not seen but is 
drawn out in (j). The GRS proper merges with the common 
stump at different angles and approaches (see k-n for detailed 
examples). (k-n) The GRS proper merges with the common 
stump at different angles and approaches. These are different 
common stump venograms with accompanying simplified 
schematic demonstrating the different angles and approaches for 
the merging of the GRS proper with the common venous outflow 
stump of the GRS proper and the left adrenal vein. (k) The most 
common relationship in which the GRS proper anastomoses at 
the 10 to 11 o’clock position with the common stump (asterisk). 
The solid black arrow denotes the inflow of the GRS proper (i,j). 
(l) Demonstrates another very common relationship where the 
GRS proper (GRS) anastomosis at the 11 to 12 o’clock position 
with the common stump (asterisk). The GRS is right on top of 
the common stump but because the adrenal vein comes from 
the lateral aspect of the stump the GRS is inclined medially. 
(continued)
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Fig. 29.8  (Continued) (m) A frequent 
relationship in which the GRS proper 
(GRS) anastomoses at the 12 o’clock 
position with the common stump 
(asterisk). Incidentally noted is contrast 
reflux into the IPV. (n) The least 
frequent relationship in which the GRS 
proper (GRS) anastomoses at the 12 to 
1 o’clock position with the common 
stump (asterisk). (Reproduced with 
permission from Saad WE, Kitanosono 
T, Koizumi J, Hirota S. The conventional 
balloon-occluded retrograde transvenous 
obliteration procedure: indications, 
contraindications and technical 
applications. Tech Vasc Intervent Radiol 
2013;16:101–151.)

Fig. 29.9  Catheter shape and 
selection of the gastrorenal shunt 
(GRS). (a) Illustration of a femoral 
approach balloon-occluded retrograde 
transvenous obliteration (BRTO) for 
obliteration of gastric varices (GVs). 
(b) Illustration of a jugular approach 
BRTO for obliteration of GVs.
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Fig. 29.9  (Continued) (c) Photograph of a Simmons II-shaped balloon 
occlusion catheter (Terumo, Tokyo, Japan), which is typically used in 
Japan for a femoral approach BRTO. (d) Photograph of a Cobra-shaped 
balloon occlusion catheter (Terumo, Tokyo, Japan), which is typically 
used in Japan for a jugular approach BRTO. (Reproduced with permission 
from Saad WE, Kitanosono T, Koizumi J, Hirota S. The conventional balloon-
occluded retrograde transvenous obliteration procedure: indications, 
contraindications and technical applications. Tech Vasc Intervent Radiol 
2013;16:101–151.)

Fig. 29.10  Cobra-shaped catheter for selection of the gastrorenal 
shunt (GRS) from the jugular approach. (a-d) Four images in sequence 
of a digital subtraction venogram through a reinforced sheath (Cook 
Corp, Bloomington, IN), which is advanced in the left renal hilum from 
a jugular approach. Noted in these images is an inflow wash-in effect 
(open white arrow) of the GRS as it empties in the left renal vein (RV) 
and subsequently into the inferior vena cava (IVC). (continued)

gastroadrenorenal shunt (▶ Fig. 29.8) where the gastric variceal 
drainage (the shunt) merges with the left adrenal vein to form a 
common stump (asterisks in ▶ Fig. 29.5 and ▶ Fig. 29.8).

For the purpose of the anatomical description below, the por-
tosystemic shunt draining the gastric varices into the “common 
gastroadrenal stump/common stump” is referred to as the GRS 
proper. Occasionally, there is little discernible difference between 
the common stump and the GRS proper. However, not infre-
quently, a web is found across the junction of the GRS proper 
with the adrenal vein stump (▶  Fig. 29.8), which is difficult to 
catheterize, especially when there is very little wire and cathe-
ter “purchase” into the common stump. For further details of this 
anatomy, please see Chapter 28.

When no discernible difference between the adrenal vein 
stump and the GRS proper (and no web narrowing) is found, 
it is easy to make this three-stage selection using a Cobra- or 

Simmons-shaped balloon-occlusion catheter from a transjug-
ular or transfemoral approach, respectively (▶  Fig. 29.9). How-
ever, because these balloon-occlusion catheters are not currently 
available in the United States, American interventionalists have 
to selectively catheterize the GRS proper with a selective cathe-
ter and then perform an over-wire exchange for one of the com-
mercially available straight balloon-occlusion catheters. This 
exchange requires adequate stiff wire “purchase” in an area of 
anatomy that may not allow a lot of wire purchase. Certain tech-
niques described later can be used to selectively catheterize the 
GRS proper and advance a reinforced sheath and balloon-occlu-
sion catheter in the setting of difficult anatomy.

As discussed, Cobra-shaped catheters are typically used to 
select the GRS from the transjugular approach (▶  Fig. 29.10). 
However, the Cobra catheter may also be helpful in selecting the 
GRS proper from the common stump in the presence of a web 
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Fig. 29.10  (Continued) (e,f) Selective venograms during 
catheterization of the GRS. The operator identifies the 
GRS site from the inflow (wash-in) that was seen initially 
(a-e, open white arrow). The stump of the common 
trunk of the GRS proper and the adrenal vein is noted 
(f, solid white arrow). (g,h) Selective venograms during 
catheterization of the GRS beyond a web-narrowing 
(g, solid black arrow). Contrast is seen opacifying the 
inferior phrenic vein (IPV). Contrast is seen emptying into 
the left renal vein (LRV) and subsequently the inferior 
vena cava (IVC). The web narrowing is a hindrance to 
catheterization; however, after it is transgressed, it is a 
perfect choke point for balloon occlusion as seen in (h). 
(h) The balloon is inflated with air and contrast is seen 
opacifying the GRS. In addition, there is extravasation 
(Extrav) of contrast from the GRS (from the gastric 
varices specifically) and into the gastric lumen. 
(Reproduced with permission from Saad WE, Kitanosono 
T, Koizumi J, Hirota S. The conventional balloon-occluded 
retrograde transvenous obliteration procedure: indications, 
contraindications and technical applications. Tech Vasc 
Intervent Radiol 2013;16:101–151.)

Fig. 29.11  Simmons II catheter selection of the gastrorenal shunt (GRS) from the inferior vena cava (IVC) via a femoral approach. (a-f) A series of 
fluoroscopic images obtained during GRS selection using a 5-Fr Simmons II–shaped catheter. Because of the shape of the Simmons II catheter, it selects 
the left renal vein (LRV) and the GRS. (continued)

narrowing at the GRS proper to common stump junction from 
a femoral approach. The Cobra shape helps catheterize the left 
renal vein. Next, the Cobra catheter is then flipped upward so that 
it “scrapes” the superior aspect of the left renal vein as it is pulled 
back until it selects the upward-pointing common stump. A JB-2 
catheter may also be used without the need to flip the catheter 
upward. If the left renal vein has been successfully selected and 
there is room to form a reverse-shaped catheter, it can be used to 
select the common stump. A reverse-shaped catheter is especially 
helpful in selection if the common stump or the GRS proper points 

medially in the 9 to 11 o’clock position (▶ Fig. 29.8d; ▶ Fig. 29.8e). 
Reverse-shaped catheters that can be formed in the left renal vein  
include a Simmons I or an SOS-shaped catheter. A reverse-shaped 
Simmons II catheter is ideal for selecting the GRS in a picturesque 
manner (▶ Fig. 29.11).

However, in the author’s opinion (WES), selection of the GRS 
with a Simmons II catheter provides little wire purchase for 
an exchange, especially in the setting of a web narrowing that  
is difficult to transgress. ▶  Fig. 29.11 demonstrates an infre-
quently achieved selection while highlighting how difficult it is to 
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Fig. 29.11  (Continued) The Simmons II catheter is formed easily within the suprarenal IVC (because the IVC is usually wide and patulous) and is then 
pulled down (a-e, open white directional arrow) with it pointing toward the left (toward the LRV). As the catheter engages the left renal vein (b,c), it is 
pulled down farther (d,e, open white directional arrow) so that it points upward (e, solid white arrow) and selects the common stump (f, open black arrow) 
of the GRS and the left adrenal vein. The digitally subtracted venogram (f) demonstrates the commons stump (open black arrow) with contrast emptying 
into the left renal vein (RV) and IVC. The GRS proper is not visualized. The advantage of utilizing a Simmons II reverse curve catheter from the IVC is that 
it is more stable and selects the LRV and GRS in one step (by forming it in the IVC and pulling down). (g-i) After the Simmons II catheter has selected 
the common stump of the GRS proper and left adrenal vein, a superstiff Amplatz wire (open black arrow) is advanced to achieve wire purchase so that 
the Simmons II catheter can be exchanged for the straight balloon-occlusion catheter. The advancement of a reinforced sheath (h,i, solid black arrow) 
also helps with the exchange of the Simmons II catheter for the balloon-occlusion catheter. This needs to be done in the United States because we do 
not have Simmons II–shaped balloon-occlusion catheters as the one photographed in (b). The digitally subtracted venogram (i) through the reinforced 
sheath (solid black arrow) shows how tenuous the wire purchase can be. Rarely does the operator catch a break when the Amplatz wire actually glides into 
the GRS proper or a phrenic vein and provides adequate wire purchase for an exchange as seen in ▶ Fig. 29.12. (i) Contrast is seen filling the common 
stump of the GRS proper and the left adrenal vein with the Amplatz wire within it (open black arrow), the left RV, and the IVC. Incidentally noted is a 
small part of the left gonadal vein (Gon.V). (Reproduced with permission from Saad WE, Kitanosono T, Koizumi J, Hirota S. The conventional balloon-occluded 
retrograde transvenous obliteration procedure: indications, contraindications and technical applications. Tech Vasc Intervent Radiol 2013;16:101–151.)
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Fig. 29.12  Simmons II catheter selection of the gastrorenal shunt (GRS) from the inferior vena cava (IVC) via a 
femoral approach with fortuitous wire purchase in one of the phrenic veins. (a-d) A series of images obtained 
during GRS selection using a 5-Fr Simmons II–shaped catheter. Because of the shape of the Simmons II catheter, 
it selects the left renal vein (LRV) and the GRS. The Simmons II catheter is formed easily within the suprarenal 
IVC (because the IVC is usually wide and patulous) and is then pulled down with it pointing toward the left 
(toward the LRV). As the catheter engages the left renal vein, it is pulled down farther so that it points upward 
(a, open white arrow) and selects the common stump. Fortuitously, the Amplatz wire (a, solid white arrow) has 
passed into a phrenic vein instead of coiling in the common stump as is the case in (b). This allows the catheter 
(a,b, open white arrow) and reinforced sheath (b, open black arrow) to be advanced over the Amplatz wire. The 
other advantage to getting immediate inferior phrenic vein (c, IPV) access besides wire purchase is that coil 
embolization (d, solid black arrow) can be performed as a final step before the exchange of the catheter for the 
balloon occlusion catheter. (d) Demonstrates a balloon-occlusion retrograde venogram (BORV) of the GRS. The 
balloon is inflated in the common stump of the GRS proper (GRS) and the left adrenal vein (Adr.V). Contrast 
is still seen filling another IPV in addition to the IPV that was embolized (solid black arrow). For continuation 
of this case, see ▶ Fig. 29.17. (Reproduced with permission from Saad WE, Kitanosono T, Koizumi J, Hirota S. The 
conventional balloon-occluded retrograde transvenous obliteration procedure: indications, contraindications and 
technical applications. Tech Vasc Intervent Radiol 2013;16:101–151.)

acquire wire purchase for a sheath or balloon-occlusion catheter 
exchange. The operator may catch a lucky break where an Amp-
latz wire can be advanced through the selection catheter (usually 
a Simmons II catheter via a femoral approach) and passes straight 
into a phrenic vein. Access to the phenic vein should provide 
adequate wire purchase for catheter exchange, sheath advance-
ment, and subsequent balloon-occlusion catheter advancement 
(▶ Fig. 29.12).

One of the current authors (WES) uses another technique for 
the selection of the GRS from a femoral approach, called the pull-
back reinforced straight-sheath (PRESS) technique (▶ Fig. 29.13). 

The first step of the technique involves selective catheterization 
of the left renal vein using, for example, a Cobra-shaped catheter. 
Next, a Rosen wire (Cook Corp., Bloomington, Indiana) is placed 
deep in the renal hilum. However, if possible, it would be best if 
the Rosen wire were placed in a left gonadal vein or a left-sided 
IVC. A 9- or 10-Fr, 38- to 45-cm reinforced sheath (9-Fr or 10-Fr 
TIPS Sheath, Cook Corp.) is advanced over the Rosen wire (▶ Fig. 
29.13a). Next, the sheath dilator is removed. The sheath is then 
pulled back as the operator injects contrast through the sheath. 
As the sheath is retracted, its tip scrapes the superior aspect of 
the left renal vein and selects the common stump of the GRS. The 
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Fig. 29.13  Pullback reinforced straight sheath (PRESS) technique using a Rosen wire deep in the renal hilum within the left renal vein (LRV). (a-f) A series 
of images obtained during gastrorenal shunt (GRS) selection using a 10-Fr reinforced (braided) sheath passed over a Rosen wire that is placed in the 
LRV. The operator advances the reinforced sheath (9- or 10-Fr braided 38- to 45-cm-long sheath, Cook Corp. Bloomington, Indiana) (open white arrow) 
over the 0.035-inch Rosen wire (dashed white arrow), which has been placed in the left renal vein by a 5-Fr Cobra catheter selection earlier. A gonadal 
or left-sided IVC is preferable, but a deep purchase of the LRV (lower renal poll) works as well. This is because the straight reinforced sheath needs to 
be bowed so that it “scrapes” the ceiling of the left renal vein as it is pulled back (b,c). As the sheath is pulled back, contrast is injected until the GRS is 
visualized. Occasionally, the sheath pops in the GRS and “autoselects” the GRS as seen in (c). However, even if the sheath does not select the GRS, the 
GRS is frequently visualized with contrast and allows planning for catheterization. After the GRS is catheterized and visualized, a selection catheter can be 
used to obtain wire and catheter access of the GRS. Usually, the catheter (usually a 5-Fr angled tip as in d-f, open black arrow, but can be a reverse-curve 
catheter such as an SOS omni selective catheter) is advanced through the reinforced sheath and adjacent to the safety or anchoring Rosen wire (dashed 
white arrow) as seen in (d-f). When catheterizing using the selection catheter, a 0.035-inch hydrophilic guidewire (d,e, solid black arrow) is usually used 
carefully as to not cause perforations in the GRS. The Rosen wire acts as a safety to maintain access to the LRV but also acts as an anchoring stabilizer 
throughout the catheterization and is removed just before the advancement of the sheath into the GRS. (continued)

position of the sheath with the GRS is confirmed with contrast 
injection (▶ Fig. 29.13b; ▶ Fig. 29.13c). Even if the sheath does not 
pop directly into the GRS, its tip is usually in near-enough prox-
imity to allow visualization of the GRS by angiography. At this 
point, the operator advances a 5-Fr angled tip vertebral catheter 
(▶ Fig. 29.13d; ▶ Fig. 29.13e) or an SOS-shaped catheter beyond 
the web narrowing into the GRS (▶ Fig. 29.13f; ▶ Fig. 29.13g).

Together, the Rosen wire and reinforced sheath provide a 
stable platform that supports the selective catheterization of 
the GRS and maintains transfemoral access into the left renal 
vein. Sheath access into the left femoral vein can be easily lost 
if the GRS is near the IVC. The presence of the safety Rosen wire 
allows for easy reestablishment of left renal vein catheteriza-
tion, if necessary. After the GRS proper has been selected and 

adequate catheter purchase has been achieved, a coiled-tip Amp-
latz or super-stiff Amplatz wire (Cook, Corp.) is advanced into 
the GRS proper (▶ Fig. 29.13g). A Rosen or any J-tipped wire is 
not preferred because anecdotally, they may cause extravasation 
and spasm; therefore, a straight-tip stiff wire is preferred. When 
wire access into the GRS is stabilized with a stiff guidewire, the 
safety Rosen wire can be removed to allow advancement of the 
reinforced sheath into the GRS with its dilator. Together, the stiff 
wire and reinforced sheath provide support for the advance-
ment of most balloon-occlusion catheters. Alternatively, if the 
sheath is sufficiently sized (usually at least 10 Fr), a low-profile 
balloon-occlusion catheter (maximum of 7-Fr, 8- to 10-mm bal-
loon) can be advanced without removal of the safety Rosen wire 
(▶ Fig. 29.13g).
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Rarely, the GRS merges (anastomoses) with the inferior aspect 
of the left renal vein via a common trunk with the left gonadal 
vein, rather than along the superior aspect of the renal vein via a 
common trunk with the left renal vein. This poses a particularly 
difficult catheterization, especially from the femoral approach. A 
transjugular approach is probably easier to catheterize these GRSs.

Gastric Variceal System 
Occlusion “Trapping”
“Trapping” refers to the cessation of flow within the gastric 
variceal system. This part of the BRTO procedure includes 

numerous technical categories of which only one or possibly all  
may need to be used to achieve adequate gastric variceal system 
obliteration, particularly based on the size and complexity of the 
gastric variceal system (▶ Fig. 29.14). These technical categories 
include (i) balloon positioning and manipulation, (ii) venous col-
lateral embolization or obliteration, (iii) adjunctive balloon infla-
tion (BRTO or BATO), and (iv) confirmation balloon-occluded 
retrograde venography (BORV). As previously mentioned, the 
patient may have a gastric Blakemore tube in place; if so, it should 
be deflated during the trapping stage of the BRTO procedure  
(▶  Fig. 29.4). An inflated gastric balloon compresses the gastric 
varices and distorts, or even compresses, the GRS, making the 
BRTO procedure difficult or impossible (see earlier).

Fig. 29.13  (Continued) (g,h) After the catheter 
is advanced into the GRS (g, open black arrow) 
and venography has confirmed that the catheter 
is truly in the GRS and not an adjacent venous 
system, an Amplatz wire is advanced in the 
GRS (solid white arrow). If the balloon occlusion 
catheter (h, open black arrow) is small enough 
(low profile), it can also be advanced adjacent 
to the anchoring Rosen wire (h, dashed white 
arrows). (Reproduced with permission from 
Saad WE, Kitanosono T, Koizumi J, Hirota S. 
The conventional balloon-occluded retrograde 
transvenous obliteration procedure: indications, 
contraindications and technical applications. Tech 
Vasc Intervent Radiol 2013;16:101–151.)

Fig. 29.14  Saad modification of the Kiyosue classification of the systemic venous drainage of gastric varices (GVs). 
(a) The anatomy of GVs and the draining systemic veins, which includes the draining gastrorenal shunt (GRS), if 
present. The image is to help identify structures in the classification in (c). The primary difference between (a) 
and (b) is the size and morphology of the inferior phrenic vein (IPV). The IPV has a vertical part and a horizontally 
oriented subdiaphragmatic transverse part (open black arrows). The vertical part is composed of an ascending 
portion (Asc. IPV) and a descending portion. When the descending portion anastomoses with the adrenal vein, 
it forms the GRS. Asc. IPV: ascending portion of the vertical part of the inferior phrenic vein; D: duodenum; E: 
esophagus; IVC: inferior vena cava; LRV: left renal vein; MV: mesenteric vein; PGV: posterior gastric vein; PV: main 
portal vein; SpV, splenic vein. (continued)
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Fig. 29.14  (Continued) (c) Schematic classification based on the anatomical classification of Kiyosue et al.4 Type 
A is the simplest gastric variceal system drained by the GRS and without other systemic venous draining veins 
(significant or insignificant). Type B is a simple gastric variceal system drained by the GRS and with insignificant 
(nondecompressive) systemic venous draining veins, which are typically inferior phrenic veins but can also be 
other retroperitoneal veins (innominate veins, hemiazygous tributaries, intercostal veins, and adrenal veins) (see a 
for detailed labeling). Type C is a more complex gastric variceal system drained by the GRS and with an additional 
significant (decompressive) systemic venous draining vein (inferior phrenic vein, usually >3 mm in diameter, 
Saad interpretation of diameter estimate) (see b for detailed labeling). Type D is a gastric variceal system that is 
not drained by the GRS. In other words, no GRS exists. However, there is significant systemic venous drainage 
by other retroperitoneal or phrenic vein(s). In type D1, the decompressive systemic venous draining veins have 
no particular predominance and include inferior phrenic veins but can also be other retroperitoneal veins such 
as innominate reroperitoneal veins, hemiazygous tributaries, intercostal veins, and adrenal veins. Type D GVs 
represent more than 40% of technical failures (Saad type III failure). Type D2 is the same as type D1, but there is a 
predominant systemic venous draining vein (usually >3 mm in diameter) that can be accessible, and it is amenable 
to balloon-occluded retrograde transvenous obliteration via unconventional systemic veins. These predominant 
draining routes include (i) the hemiazygous–azygous axis, (ii) inferior phrenic vein (usually the ascending portion 
leading to the transverse portion as drawn), and (iii) pericardial vein (or pericardiophrenic vein). (Reproduced 
with permission from Saad WE, Kitanosono T, Koizumi J, Hirota S. The conventional balloon-occluded retrograde 
transvenous obliteration procedure: indications, contraindications and technical applications. Tech Vasc Intervent Radiol 
2013;16:101–151.)

In some patients, trapping of complex gastrosystemic variceal 
systems may require elaborate accesses and technical approaches. 
For example, some patients may require the placement of addi-
tional balloon occlusions in a second GRS if the system has two, or 
in a large phrenic or retroperitoneal vein (usually ≥3 mm in size).

Balloon Positioning, Manipulation, 
and Occlusion
The primary component of the “trapping” step is the use of a bal-
loon-occlusion catheter to occlude the GRS outflow. Knowledge 
of the commercially available balloon-occlusion catheter inven-
tory is paramount for the planning of the BRTO procedure. The 
available inventory in the United States and Japan are available 
for reference.10 The point of balloon occlusion is cessation of blood 
flow through the gastric variceal system with minimal escape of 
sclerosant (as seen with contrast). Simple gastric variceal systems 

(particularly from a drainage standpoint) are simply occluded 
by an adequately sized balloon without the need for adjunctive 
collateral pathway venous embolization. After the balloon cath-
eter is inflated and occlusion is achieved, previously visualized 
collaterals may not serve as significant drainage pathways, either 
because of changed hemodynamics or occlusion of the collaterals 
by the balloon-occlusion catheter itself.

During “trapping,” the balloon-occlusion catheters should be 
positioned at or just above certain “choke points” in the GRS. 
These “choke points” are key areas of narrowing (particularly web 
narrowings) in the GRS. The most common site of weblike nar-
rowing is at the junction between the common trunk of the GRS 
and the left adrenal vein (▶ Fig. 29.8); however, other areas of nar-
rowing may be found closer to the gastric variceal complex. The 
balloons can and should be oversized to target the “choke points” 
because the balloons are compliant and will conform rather than 
rupture.
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Fig. 29.15  Manipulation of the balloon-
occlusion catheter by pulling it down to 
“cork” a gastric variceal system at a lower 
“choke point.” Fluoroscopic image (a) and 
digitally subtracted venogram (b) with an 
inflated high balloon occlusion catheter 
(open black arrow) that is “floating” in a 
spatial gastrorenal shunt (GRS). (c-e) A 
depiction of pulling down the balloon to 
“cork” the GRS to a lower “choke point” 
instead of having it float up higher in a 
particular GRS, where it is wider (c). (d) 
Demonstrates the high balloon (open black 
arrow), and the curved directional arrow 
depicts the action of pulling the balloon 
occlusion catheter so that it “corks” the GRS 
as seen in (d). After the balloon (open arrow) 
is brought down to occlude (cork) the GRS 
where it is narrowed, a complete balloon-
occluded retrograde venogram (BORV) is 
performed, and the entire GRS is visualized. 
(continued)

Commonly, operators early in their experience with BRTO may 
believe that occlusion of the variceal system should occur very 
near to the left renal vein. However, occlusion at the renal vein is 
not necessarily the best option as long as higher choke points are 
feasible and can be reached by catheter and wire manipulation. In 
addition, higher balloon occlusion would be feasible as long as the 
occlusion does not exclude the gastric varices proper (intragastric 
submucosal gastric varices). See ▶ Fig. 29.19 for additional details 
of a high-balloon occlusion, which serves as an example.

If the inflated balloon is too small to occlude high in the GRS, 
then the balloon should be pulled down to “cork” a lower “choke 
point” as depicted in the case presented in ▶ Fig. 29.15. Conversely, 
if the balloon inflated down low (near the left renal vein) is too 
small to occlude the GRS at that level, then the balloon should 
be advanced upward beyond a higher choke point and pulled 
down to “cork” the GRS shown in the case presented in ▶  Fig. 
29.16. High balloon occlusion may also be used in an attempt to 
occlude the outflow higher than the take-off of systemic venous 

collaterals, which may act as escape routes for contrast and scle-
rosant and thus prevent an adequate diagnostic BORV and a com-
pletely obliterating (adequate) BRTO, respectively (▶ Fig. 29.17). 
Occasionally, occluding the GRS outflow high, but not higher than 
the collateral, may be beneficial. For example, the most cephalad 
aspect of the balloon may occlude the orifice of the venous collat-
eral, or the altered hemodynamics may be significant enough to 
have preferential contrast and subsequent sclerosant flow to the 
GRS instead of the collateral (▶ Fig. 29.18). Balloon inflation at a 
higher “choke point” has been described to be necessary in 5% of 
BRTO procedures and has been successful in avoiding collateral 
embolization.13

Another advantage of a higher than usual balloon inflation is 
reduction of the sclerosant–reagent dose.16 This was described 
by Fukuda and coworkers and was referred to as the “down-
grade technique.”16 The move toward sclerosant dose reduction 
stemmed from the use of ethanolamine oleate, which potentially 
caused hemoglobinuria and renal failure, particularly at dosages 
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Fig. 29.15  (Continued) (f,g) Fluoroscopic images during 
BORV (continued contrast injection from d) demonstrating 
an occlusive balloon (open arrow) and resultant 
opacification of the entire gastric variceal system which 
is composed of the GRS and the gastric varices (GVs). 
In addition, the posterior gastric vein (PGV) is visualized 
descending down to the splenic vein, which is not 
opacified with contrast. (g) Fluoroscopic image after the 
sclerosant mixture (lipiodol, Sotradecol, air) has been 
instilled. The balloon is still inflated (open arrow). Notice 
that the posterior gastric vein (PGV) is not visualized. Only 
the gastric variceal system is filled with the sclerosant. 
(Reproduced with permission from Saad WE, Kitanosono 
T, Koizumi J, Hirota S. The conventional balloon-occluded 
retrograde transvenous obliteration procedure: indications, 
contraindications and technical applications. Tech Vasc 
Intervent Radiol 2013;16:101–151.)

exceeding 30 to 40 cm.3–6,16 This has become less of a problem 
with the advent of foam sclerosants, particularly with detergent 
agents such as 3% sodium tetradecyl sulfate. In fact, creating 
a sclerosant mixture in a foam or froth state is in itself another 
strategy to reduce the sclerosant dosage. ▶ Table 29.2 briefly sum-
marizes the strategies and methods to reduce sclerosant dosages. 
Details regarding foam sclerosants and their advantages can be 
found in Saad et al.10

Venous Collateral Embolization or 
Obliteration
Decompressive venous collaterals can vary in number, size, 
and location, and their presence is the most common cause of 

technical failure, representing more than 40% of BRTO failures 
(Saad type III failure).7 These veins can include adrenal veins 
(▶  Fig. 29.21), phrenic veins (inferior phrenic or pericardio-
phrenic) (▶ Fig. 29.17; ▶ Fig. 29.21), or innominate retroperitoneal 
veins (▶ Fig. 29.18; ▶ Fig. 29.20). These veins do not need to be 
occluded for ideal gastric variceal system trapping before balloon 
occlusion. However, in up to 39% of BRTO procedures, these veins 
are encountered and require embolization, balloon manipulation, 
or additional balloon occlusion.11 Balloon occlusion may change 
the hemodynamics and decompressive nature of the veins, where 
a previously decompressive vein now serves as an escape route 
for contrast and sclerosant after the balloon-occlusion catheter 
is inflated. If there continues to be significant venous collaterals 
that create preferential flow into them and not into the GRS, then 

Fig. 29.16  Manipulation of the balloon-occlusion catheter by advancing it higher to “cork” a gastric variceal system at a higher “choke point.” Digitally 
subtracted image (a) and a drawing (b) depicting the findings in (a). The inflated low-lying balloon occlusion catheter is not occlusive and is “floating” in 
a spatial gastrorenal shunt (GRS). In essence, this is a Hirota balloon-occluded retrograde venography (BORV) type V in which the BORV is not possible 
because the balloon of the available balloon-occlusion catheter is too small to occlude (“trap”) the GRS. This is considered a Saad type II technical failure 
if occlusion of the GRS is not achieved at a higher point. Proof of poor occlusion of the GRS is contrast emptying in the left renal vein (LRV). Notice that 
there is a narrowing higher up the GRS (between the solid black arrows). (c) Subtracted image venogram as the deflated balloon occlusion catheter as it is 
advanced higher up the GRS and through and above the narrowing described earlier (between the solid black arrows). The GRS is not yet occluded (balloon 
deflated) and thus contrast empties in the LRV and subsequently the inferior vena cava (IVC). (Reproduced with permission from Saad WE, Kitanosono T, 
Koizumi J, Hirota S. The conventional balloon-occluded retrograde transvenous obliteration procedure: indications, contraindications and technical applications. 
Tech Vasc Intervent Radiol 2013;16:101–151.)
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Fig. 29.17  Management of 
collaterals by bypassing the 
collaterals by inflating the balloon-
occlusion catheter above the 
takeoff of the decompressive 
collaterals. (a,b) An attempted 
balloon-occluded retrograde 
venogram. The gastric variceal 
system is not completely opacified 
because contrast is escaping via 
decompressive veins despite coil 
embolization (a, hollow black arrows) 
of one of the phrenic veins. The 
primary decompressive vein is a 
retroperitoneal gonadal vein that 
actually has a common confluence 
with the left adrenal vein and the 
gastrorenal shunt proper (GRS). 
Another less decompressive vein 
is the patent inferior phrenic 
vein (IPV). The inflated balloon is 
actually large enough to occlude 
the GRS. There is a narrowing seen 
above the balloon (a, between solid 
black arrows) which is also above 
the anastomosis of the gonadal 
vein (b, solid white arrow). (c,d) 
The inferior phrenic vein (a,b) has 
been embolized with coils (between 
hollow white arrows) in addition 
to the previously coil-embolized 
phrenic vein (hollow black arrows). 
The operator is maneuvering the 
balloon-occlusion catheter (d, curved 
arrow) over a guidewire to a location 
within the GRS that is above the 
higher narrowing (marked by ellipse 
and demarcated in a and b). The 
balloon is inflated clearly above 
the traversed narrowing (d, ‘‘choke 
point’’ demarcated by the ellipse). 
(e) Depiction of placing the balloon 
higher up in a particular GRS where it 
is narrower (higher up) so as to ‘‘cork’’ 
the GRS to a higher ‘‘choke point’’ 
above significant decompressive 
collaterals. (f,g) Balloon-occluded  
retrograde venograms (BORV)  
before (f) and after (g) balloon 
maneuvering and inferior phrenic vein 
(IPV) embolization, respectively.  
The hollow black arrows point to 
the site of the final resting point of 
the balloon (f, before pushing it up 
and g, after pushing the balloon 
up). The desired ‘‘choke point’’ is 
marked before and after balloon 
repositioning by the 2 opposing solid 
black arrows. Once the balloon was 
repositioned and inflated and the 
IPVs were embolized adequately, 
the gastrorenal shunt (GRS) was 
adequately trapped and opacified (f). 
(continued)
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Fig. 29.17  (Continued) (h) BORV obtained once the gastric 
variceal system was adequately ‘‘trapped’’ by repositioning 
the balloon and inflating it and coil embolizing the inferior 
phrenic veins (hollow black arrows). Once adequate 
‘‘trapping’’ has been achieved, sclerosant is administered 
to displace the residual contrast within the gastric variceal 
system. (i) The completion image with the foam sclerosant 
fully administered in the entire gastric variceal system 
including the gastric varices (GV) and the afferent posterior 
gastric vein (PGV). (Reproduced with permission from Saad 
WE, Kitanosono T, Koizumi J, Hirota S. The conventional 
balloon-occluded retrograde transvenous obliteration 
procedure: indications, contraindications and technical 
applications. Tech Vasc Intervent Radiol 2013;16:101–151.)

Table 29.2  Strategies and Methods for Reducing Sclerosant–Reagent in Balloon-Occluded Retrograde Transvenous Obliteration of Gastric Varices

Strategy Technical Details Comments

Multiple-session “lavage 
technique”

Performing the BRTO as need be with a 30- to 
40-cc limit per session

•	 Requires multiple sessions (increased morbidity)
•	 Effective in > 95% of cases within 2 to 3 sessions

Adjunct sclerosant Using two sclerosants: primary sclerosants and 
either D50% or ETOH

•	 May sustain the complications (disadvantages) of both sclerosants
•	 One-session treatment

“Downgrading technique” Occluding the GRS higher and closer to the GVs 
and thus “trapping” less of the gastric variceal 
system and focusing on the GVs themselves

•	 Not commonly feasible
•	 One-session treatment

Foam or froth sclerosant Adding a gas (CO2 or air) to the sclerosant 
to form a foam (33%–50% gas) or froth  
(< 33% gas)

•	 Reduces the sclerosant–reagent dose : volume ratio
•	 May have more even distribution than liquid-state sclerosant mixtures
•	 One-session treatment

BRTO: Balloon-occluded retrograde transvenous obliteration; D50%: 50% dextrose solution; ETOH: absolute (98%–99%) alcohol or ethanol; GRS: 
gastrorenal shunt; GVs: gastric varices.
Reproduced with permission from Saad WE, Kitanosono T, Koizumi J, Hirota S. The conventional balloon-occluded retrograde transvenous obliteration 
procedure: indications, contraindications and technical applications. Tech Vasc Intervent Radiol 2013;16:101–151.

Fig. 29.18  Management of collaterals by simply inflating the balloon-occlusion catheter higher, but not necessarily above, the takeoff of 
decompressive collaterals. (a) An initial venogram before catheter selection of the gastrorenal shunt (GRS). The entire GRS is not visualized and only 
is inflow effect (directional open arrow) in the form of wash-in. A “choke point” is identified (between solid white arrows) (please correlate with the 
same choke point between solid white arrows in b). Contrast is seen opacifying the left renal vein (LRV), gonadal vein, and inferior vena cava (IVC). 
(b) An attempted balloon-occluded retrograde venography (BORV) in which the balloon has been inflated at the junction of the GRS and the LRV. It 
is not placed at the higher choke point (between solid white arrows in a and b). Contrast is seen leaving (“escaping”) from the GRS into a prominent 
vertically oriented paraumbilical retroperitoneal vein, which is further decompressed by posterior intercostal veins (solid black arrows). (continued)
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Fig. 29.18  (Continued) (c-e) Depiction of placing the balloon up higher in a particular GRS, where it is narrower (up higher) so as to 
“cork” the GRS to a higher “choke point” above significant decompressive collaterals. However, the case shows (a,b,d,e) the balloon 
not to be above the decompressive vein but positioning and inflation of the balloon just below or at (juxta) to the takeoff of the 
decompressive collateral. In some instances, this is enough to change the hemodynamics and be enough to create preferential flow 
of contrast (and subsequently sclerosant) into the GRS and not the decompressive collaterals. (d demonstrates the low position of the 
balloon below a higher “choke point” (between the solid white arrows). The open white arrows points to the takeoff of the retroperitoneal 
vein described in (b). The open black arrow points to the proposed new balloon position above the higher “choke point” (between the 
solid white arrows). (e) Depicts the pushing up of the deflated balloon (curved open white arrow) so that the balloon can be inflated higher 
and occlude the takeoff of the retroperitoneal vein (d,e, straight open white arrow). The retroperitoneal vein is no longer visualized, 
and the GRS is now adequately “trapped.” (Reproduced with permission from Saad WE, Kitanosono T, Koizumi J, Hirota S. The conventional 
balloon-occluded retrograde transvenous obliteration procedure: indications, contraindications and technical applications. Tech Vasc Intervent 
Radiol 2013;16:101–151.)

embolization of these collaterals is warranted. Up to 32% of BRTO 
procedures require adjuvant coil embolization of venous collater-
als (7% retroperitoneal/adrenal and 25% inferior phrenic).11

When embolization of collateral veins is necessary, the primary 
embolic agent is metallic coils (usually 0.035- or 0.018-in micro-
coils).11 Coils range from 2 to 6 mm in coil diameter, although 
anecdotally, coils up to 7 to 8 mm have been used.11 Almost all 
coiling occurs of collaterals that are catheterized from the gastric 
variceal system (▶  Fig. 29.17; ▶  Fig. 29.20; ▶  Fig. 29.21). Other 
embolic agents can be used such as Gelfoam (Pfizer, New York, 
New York) and liquid embolic agents (N-butyl cyanoacrylate 
(Cordis Neurovascular, Warrenton, New Jersey) or ethylene vinyl 
alcohol copolymer (Onyx, ev3 Neurovascular, Irvine, California). 
Gelfoam or liquid embolic agents have been used in up to 2% to 3% 
of BRTO cases and are usually required when there are numerous 

small collaterals present.11 The necessity of liquid embolic agents 
is demonstrated in ▶ Fig. 29.21 in which an inferior phrenic vein 
was coil embolized; however, the contrast continued to escape 
via small, enumerable adrenal and retroperitoneal venules (▶ Fig. 
29.21c). The venules were embolized or obliterated with both 
Gelfoam and N-butyl cyanoacrylate.

If the use of Gelfoam or liquid embolic agents is contemplated, 
another alternative can be used. This is the sclerosant mixture 
itself that is used for the BRTO (whether this sclerosant mixture 
is ethanolamine oleate or 3% sodium teradecyl sulfate). This tech-
nique is referred to as “staged sclerosis” and is a way to manage 
Kiosue type B1, B2, B3, and potentially, type D gastric variceal 
systems.4,5 Staged sclerosis is performed by initially injecting 
the sclerosant into the decompressing veins preferentially while 
avoiding overspill into the larger systemic circulation (IVC, left 
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Fig. 29.19  Pulling down the balloon-
occlusion catheter to include the entirety 
of the gastric variceal system unless a 
desired higher occlusion is required. 
Fluoroscopic image (a) and digitally 
subtracted venogram (b) demonstrating 
a very high balloon occlusion where 
the balloon is adjacent to the gastric 
varices (GV). A balloon occlusion of this 
size is quite rare to be as high as it is 
achieved here. It is usually achieved in 
simple (nonconvoluted) gastric variceal 
systems or gastrorenal shunts (GRS). If 
balloon-occluded retrograde transvenous 
obliteration (BRTO) is to be technically 
successful, all the GVs should be above 
the balloon. If so, then BRTO can proceed 
with sclerosant administration. However, 
if not all the GVs are above the balloon, 
then the balloon must be pulled down 
to “cork” a lower “choke point” if any are 
available. The only reasons why part of 
the GVs are obliterated and not all with 
additional sparing of the GRS would be (i) 
to reduce the sclerosant dose (particularly 
ethanolamine oleate reaching a dose of 
30–40 cc), which is described and called 
“downgrade BRTO,” and (ii) to try to spare 
the GRS (the splenorenal hemodynamic 
component of the greater GV system) to 
preserve the outflow of the splanchnic 
circulation in case the portal vein is 
thrombosed. (c-e) Fluoroscopic image 
of the inflated balloon (now inflated 
with air; open white arrow) in the same 
position, if not higher, than in (b). There is 
extravasation of contrast into the gastric 
fundus (open black arrow). The horizontal 
interrupted bidirectional arrow is the 
level at which the cone-beam computed 
tomography (CBCT) image (d) and 
preprocedural CT image (e) are obtained. 
In both the CBCT and preprocedural 
CT images the location of the occlusive 
balloon (white open arrow) and the gastric 
fundus (black open arrow) are noted, 
respectively (this applies to all three 
images of c-e). L: liver; Sp: spleen. The key 
issue with evaluating the gastric varices 
and the greater gastric variceal system 
by intraprocedural CBCT is to compare 
the CBCT images with the preprocedural 
CT or magnetic resonance (MR) images. 
Identifying the extent and distribution 
of the sclerosant should be made by the 
CBCT by correlating the structures’ sizes, 
locations, and shapes between the CBCT 
images and the preprocedural CT or MR 
images. (continued)
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Fig. 29.19  (Continued) (f) and (g) 
Fluoroscopic image after sclerosant 
injection in the same patient as in 
(a-e) with numbered bidirectional 
arrows, which are the axial levels 
of the CBCT images to help the 
reader identify the level of the axial 
CBCT images. The open arrows 
correlate and point to the occlusion 
balloon of the BRTO. (h,i) Two axial 
CBCT images in the same patient 
as in a-e, demonstrating the very 
small quantities of lipiodol laden 
sclerosant in the intrahepatic 
portal venous branches (solid white 
arrows). (Reproduced with permission 
from Saad WE, Kitanosono T, Koizumi 
J, Hirota S. The conventional balloon-
occluded retrograde transvenous 
obliteration procedure: indications, 
contraindications and technical 
applications. Tech Vasc Intervent 
Radiol 2013;16:101–151.)

Fig. 29.20  Occlusion balloon 
being bypassed by a collateral vein. 
Fluoroscopic image (a) of a contrast 
inflated balloon in the gastrorenal 
shunt (GRS). Balloon-occluded 
retrograde venography (BORV) 
(b) demonstrates a retroperitoneal 
venous collateral that takes 
off (white open arrow) above 
the balloon and heads caudad, 
circumventing (in the direction of 
the curved dashed arrow) the balloon 
by anastomosing with the GRS 
inferior to the balloon (black open 
arrow). (continued)
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Fig. 29.20  (Continued) (c,d) 
Fluoroscopic images during wire 
and catheter catheterization of the 
collateral from above the balloon 
(solid white arrow). (e,f) Fluoroscopic 
images during BORV after coil 
embolization (open black arrow) 
of the decompressive collateral 
showing adequate “trapping” of the 
gastric variceal system. As a result, 
contrast is seen opacifying the 
GRS and the gastric varices (GVs). 
(Reproduced with permission from 
Saad WE, Kitanosono T, Koizumi J, 
Hirota S. The conventional balloon-
occluded retrograde transvenous 
obliteration procedure: indications, 
contraindications and technical 
applications. Tech Vasc Intervent 
Radiol 2013;16:101–151.)

renal vein or azygous–hemiazygous system). The operator waits 
for the sclerosant to take its maximal sclerotic and thrombotic 
effect and then resumes sclerosant injection, which now goes into 
the gastric variceal system.

Occasionally, the venous collateral is large (arbitrarily, equal to or 
larger than 3 mm in diameter; 2% to 3% of BRTO procedures), and 
its catheterization is technically not feasible. In these cases, a sec-
ond systemic venous access may be performed, and catheterization 
of this collateral can be performed retrograde from the IVC or left 
renal vein.11 If these collaterals connect to the IVC in a nontortu-
ous manner and are large enough (see next section), an additional 
BRTO balloon can be introduced and inflated (see later discussion).

Balloon-Occluded Retrograde Venography
BORV actually is not limited to use after “trapping” but actually 
goes hand in hand with “trapping” because it is the venogram that 
makes the finding of a well-trapped gastric variceal system (the 
ultimate technical endpoint) (▶  Figs. 29.15f; 29.17a; 29.17e-g; 
29.18b; 29.18c-e; 29.20; 29.21; 29.22). The purpose of BORV is 
to (i) confirm the technical endpoint of adequate “trapping of the 
gastric variceal system, (ii) look for systemic venous escape routes, 
(iii) identify portal venous afferent feeders (left gastric veins, 
posterior gastric veins, and short gastric veins), and 4) identify 
the “overspill” point where cessation of subsequent sclerosant 

instilment should occur (▶ Fig. 29.23). Points 3 and 4 are actu-
ally the same because sclerosant instilment should be stopped 
on identifying the portal venous feeder(s) of the gastric variceal 
system. Notice that the purpose of the BORV is not to assess sub-
sequent sclerosant volumes. This is because the consistency, spe-
cific gravity, and fluid dynamics of the contrast (a heavy liquid) 
are different than those of the 50% air foam sclerosant (or even 
the 25% to 30% froth sclerosant), which is commonly used in the 
United States. One can argue that because both contrast and foam 
act differently, the visualization of portal feeders may vary in 
the timing of the injection (contrast or sclerosant) and may even 
show different portal venous feeders. To clarify, dependent feed-
ers such as posterior gastric veins may be visualized more read-
ily with contrast compared with sclerosant, and less dependent 
feeders (more ventral and anterior) such as the left gastric vein 
may be visualized more readily with the foam sclerosant and less 
likely with the contrast (please see the later discussion of sclero-
sant injection and accompanying images).

Occasionally, the BORV correlates well with the final sclero-
sis fluoroscopic image. However, on occasion, the portal venous 
feeders are seen on BORV, but serendipitously are not seen on 
the final sclerosis fluoroscopic image. Rarely, the portal venous 
feeders are not seen on BORV (rare because the operator must 
push to see them) and are seen on the final sclerosis fluoroscopic 
image.
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Fig. 29.21  Coil embolization of a phrenic vein (inferior phrenic vein) and gelfoam embolization of numerous adrenal and 
retroperitoneal veins. Digital subtraction venogram (a) with the balloon (asterisk) inflated in the gastrorenal shunt (GRS). The GRS is 
not visualized because contrast is escaping via a phrenic vein (open arrow) and possibly numerous small adrenal and retroperitoneal 
veins (dashed arrows). (b) Fluoroscopy during venography after coil embolization of the phrenic vein (open white arrow). However, 
the GRS is still not seen because the cumulative effect of the small enumerable adrenal and retroperitoneal veins (dashed arrows) 
is still considerably decompressive to the contrast. The asterisk demonstrates a contrast-filled balloon. (c,d) Fluoroscopy during 
balloon-occluded retrograde venography (BORV) (asterisk, balloon) after coil embolization of the phrenic vein (open white arrow). 
However, the GRS is still not seen because the cumulative effect of the small enumerable adrenal and retroperitoneal veins (dashed 
arrows) is still considerably decompressive to the contrast. It is not feasible to embolize these veins because they are enumerable 
and too small. At this point, the operator used a Gelfoam slurry to embolize the small veins, relying on the preferential flow into 
these veins. Other liquid embolic agents may also be used such as dextrose 50% and absolute alcohol. N-butyl cyanoacrylate may 
also be used, although the risk of glue sticking to the balloon may be a problem. A third, and possibly the most reasonable, option is 
to use the sclerosant mixture (to be used for the BRTO) itself. The sclerosant is injected in small volumes, relying on the preferential 
flow to the veins. The operator then waits for the occlusive sclerosant to take effect. The operator then tests with contrast, and if 
the decompressive veins are occluded, the operator proceeds with the main dose of sclerosant administration with the intent to 
fill or sclerose the entire gastric variceal system (d). (d) The sclerosant (solid white arrows) in the gastric varices (asterisk, balloon). 
(Reproduced with permission from Saad WE, Kitanosono T, Koizumi J, Hirota S. The conventional balloon-occluded retrograde transvenous 
obliteration procedure: indications, contraindications and technical applications. Tech Vasc Intervent Radiol 2013;16:101–151.)
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Fig. 29.22  Balloon-occluded retrograde venography (BORV) and sclerosant filling of the gastric variceal system. (a) BORV showing the 
left gastric vein (LGV) (open white arrow) meandering down medial to the gastric variceal system. At the lower end of the LGV where it 
communicates with the portal vein, contrast is seen flowing out and away from the LGV and into the portal vein (open black arrow). The 
dashed box is the outline of the postsclerosant image in (b). (b) Final fluoroscopic image after sclerosant administration correlating well 
with the BORV image in (a). The sclerosant is seen filling the entire length of the left gastric vein (between solid white arrows). (Reproduced 
with permission from Saad WE, Kitanosono T, Koizumi J, Hirota S. The conventional balloon-occluded retrograde transvenous obliteration 
procedure: indications, contraindications and technical applications. Tech Vasc Intervent Radiol 2013;16:101–151.)

Cone-Beam Computed Tomography 
Imaging (if Used)
Cone-beam computed tomography (CBCT) helps operators gain 
confidence with the BRTO procedure by helping correlate the 
fluoroscopic findings with the preprocedural cross-sectional 
imaging (▶ Fig. 29.19c-e). CBCT is not necessary for the BRTO pro-
cedure, although for the reasons mentioned earlier, the authors 
recommend that CBCT be used in the early experience of oper-
ators and institutions. CBCT can be performed during the BORV 
stage or after sclerosant mixture instilment, particularly when 
there is a question of identifying portal venous collaterals. In 
the authors’ opinion, the best time (highest yield of findings) to 
perform CBCT is after the foam contrast instilment (▶ Fig. 29.19). 
Regardless of the timing or stage of the procedure when CBCT 
is performed, when using multiple balloons to trap the gastric 
varices, it is best to fill one with air and the other with one-third 
strength contrast, which aids in differentiating them on CBCT.

Cone-beam CT has high spatial resolution and lower contrast 
resolution than conventional diagnostic CT. As such, performing 
CBCT during the BORV stage of the BRTO procedure will cause 
beam-hardening artifact and reduced diagnostic yield. Con-
versely, rotational angiography may help identify portal venous 
feeders if they cannot be clearly identified by conventional venog-
raphy. Additionally, CBCT is very sensitive in detecting lipiodol in 
the portal circulation or lung bases if it is included in the sclero-
sant mixture (▶ Fig. 29.19h,i).

Indwelling Balloon Inflation 
(Sclerosant Dwell Time)
The classic description of balloon inflation and sclerosant dwell 
time is 12 to 24 hours (overnight inflation).3–7,12–16 This range of 
time was described in the Japanese literature using ethanola-
mine oleate in its liquid form or state. However, with 3% sodium 
tetradecyl sulfate in the foam state, the average balloon inflation 
time has been described to be approximately 6 hours.11 Experi-
enced operators may reduce the inflation dwell time (to less than 
6 hours) in small gastric variceal systems. In other words, the 
inflation time is proportional to the size of the gastric variceal 
system (sclerosant volumes) and the GRS (blood flow within the 
GRS).

BRTO or BATO balloons can be inflated with one-third contrast 
(and two-thirds saline), or they can be filled with air. Some bal-
loon-occlusion catheters and their stopcocks are water tight and 
not air tight. If air is used with these balloons, premature defla-
tion may occur and result in nontarget embolization. The advan-
tages of using air in a balloon is that air makes the balloon softer 
and more compliant and that air-filled balloons can be well dif-
ferentiated from surrounding contrast of sclerosant. Moreover, 
contrast-filled balloons may cause beam-hardening artifact on 
CBCT, as discussed previously.

Premature balloon rupture has been described in nearly 9% 
of BRTO procedures using ethanolamine oleate and up to 15% 
of BRTO procedures using 3% sodium tetradecyl sulfate.11,17 
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However, despite the relatively frequent occurrence of balloon 
rupture, it usually has little effect on the hemodynamic and clini-
cal success rate and is usually a mere technical nuisance.11,17 Early 
rupture (within 1 to 1.5 hours from initial inflation and sclero-
sant administration) may have a higher negative impact on the 
clinical success because the sclerosant has a higher likelihood 
to not have caused complete thrombosis of the gastric variceal 
system.

Balloon Deflation and Removal
The balloon-occlusion catheter can be deflated and removed at 
bedside, but the current authors recommend that it be removed 
under fluoroscopy, particularly when the balloon is left inflated 
for less than 6 hours. When deflating under fluoroscopy, the 

balloon can be quickly be reinflated if the sclerosant mixture 
appears loose or mobile. Moreover, it is important to document 
that the balloon is still intact and inflated (to document the true 
inflation dwell time of the balloon) and that the radiopaque con-
trast is in place and has not mobilized.

Conclusion
In conclusion, the conventional BRTO procedure for the man-
agement of gastric varices is a technically complex procedure 
with potentially many adjuvant techniques and complementary 
procedures. The BRTO procedure has several important steps 
(▶ Table 29.1), which actually starts with the preprocedural plan-
ning based on patient presentation and imaging and terminates 
with removal of the occlusion catheters.

Fig. 29.23  Steps in sclerosant administration using a coaxial microcatheter. (a) Simplified drawings of the anatomy of gastric varices (GVs) and the gastric 
variceal system (GV+GRS). The balloon (solid black arrow) is depicted in the distal gastrorenal shunt (GRS). Gastric variceal system is the collective term of 
the GVs and the GRS. Gon. V: left gonadal vein; IVC: inferior vena cava; LRV: left renal vein; RRV: right renal vein. (b) A microcatheter (dashed meandering 
black line) is depicted to be placed coaxially through the balloon occlusion catheter shaft (between straight dashed arrows) and through the balloon (solid 
black arrow) and into the gastric variceal system. The microcatheter is place as cephalad as possible (black outlined white arrow). If the microcatheter is too 
large for the inner diameter of the available balloon-occlusion catheter, the microcatheter can be placed adjacent to the balloon. IVC: inferior vena cava; 
RRV: right renal vein. (c,d) The role of the microcatheter is to improve the equal distribution of the sclerosant throughout the gastric variceal system and 
not rely on mere displacement of the sclerosant cephalad from the balloon (solid black arrow) of the balloon-occlusion occlusion catheter. The sclerosant 
is administered as the microcatheter is pulled back toward the balloon. Thus, sclerosant administration usually starts cephalad and ventral, which is 
closest to the GVs. The sclerosant administration at the end can be just from the balloon-occlusion catheter. The sclerosant administration is stopped 
when the portal venous feeders are visualized; as in this depiction it is the left gastric vein (between white arrows) as seen in ▶ Fig. 29.22. (Reproduced 
with permission from Saad WE, Kitanosono T, Koizumi J, Hirota S. The conventional balloon-occluded retrograde transvenous obliteration procedure: indications, 
contraindications and technical applications. Tech Vasc Intervent Radiol 2013;16:101–151.)
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Chapter 30:  Balloon-Occluded Antegrade Transvenous 
Obliteration and Variations of Balloon-Occluded Retrograde 
Transvenous Obliteration in the Treatment of Gastric Varices
Minhaj S. Khaja and Wael E.A. Saad

Introduction
Devastating hemorrhage from portosystemic varices remains a 
major cause of morbidity and mortality in patients with portal 
hypertension (PHT).1 Endovascular and surgical portosystemic 
shunting procedures are effective at reducing the portal pressure 
but may result in serious complications such as encephalopathy or 
hepatic insufficiency.2 Additionally, even with a lowered portosys-
temic gradient, high-risk varices, such as those found in the gastric 
antrum, may still be at risk of hemorrhage.3 Embolization of varices 
using macroscopic coils or glue is commonly recommended but 
also fails to eliminate this risk entirely.4 Chemical-based sclerosis 
of varices, although frequently resulting in worsened PHT, have 
proven to be very effective in eradicating the varices at risk.5

Because many variceal systems have multiple feeding and 
multiple draining pathways, combinations of antegrade and 
retrograde techniques are frequently useful. Balloon-occluded 
transvenous obliteration from the systemic veins is referred to 
as balloon-occluded retrograde transvenous obliteration (BRTO), 
and balloon-occluded transvenous obliteration from the portal 
veins is referred to as balloon-occluded antegrade transvenous 
obliteration (BATO) (▶ Fig. 30.1; ▶ Fig. 30.2).6

BATO is a collective term referring to three technical 
approaches: percutaneous transhepatic obliteration (PTO), 
obliteration via transjugular portosystemic shunt (TIPS) access 
(▶  Fig. 30.2a), and other unconventional accesses, including 
transiliocolic vein obliteration (TIO).6 This chapter reviews var-
iations of conventional BRTO, including BATO, combined BATO 
and BRTO, and use of vessels other than the conventional left 
renal vein.

Technique
The first choice of access for endovascular obliteration of gastric 
varices is via the traditional transrenal route (▶  Fig. 30.1).7–10 
Alternative routes are used for gastric varices when there is 
no gastrorenal shunt11–14 or as additional access to the transre-
nal BRTO route.15,16 Further alternative routes for transvenous 
obliteration are used in the management of nongastric varices 
(ectopic varices) such as duodenal, mesenteric, and stomal 
varices.17–28

Alternative or adjunctive routes can be classified into portal 
venous access routes and systemic venous access routes. The 

Fig. 30.1  The basic approach of the conventional balloon-occluded retrograde transvenous obliteration (BRTO) procedure. (a) BRTO through a 
transfemoral approach with the balloon in the gastrorenal shunt. BRTO is obliteration from the systemic vein side, and balloon-occluded antegrade 
transvenous obliteration is obliteration from the portal venous side. (b) BRTO through a transfemoral approach with the balloon in the gastrorenal shunt. 
GV: gastric varices. (With permission from Saad WE, Kitanosono T, Koizumi J, Hirota S. The conventional balloon-occluded retrograde transvenous obliteration 
procedure: indications, contraindications and technical applications. Tech Vasc Intervent Radiol 2013;16:101–151.)
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most common alternative route described is the percutaneous 
transhepatic route, which is commonly referred to in the Japa-
nese literature as PTO.15,16 Less commonly used alternative access 
methods include but are not confined to transcaval, transphrenic, 
transileocolic, trans-TIPS, transgonadal, transazygous, and trans-
renal capsular vein approaches.17–28

Balloon-Occluded Antegrade 
Transvenous Obliteration
Balloon-occluded antegrade transvenous obliteration is balloon- 
assisted sclerosant obliteration of varices from a portal venous 
approach and not from the traditional retrograde approach (BRTO) 

Fig. 30.2  Balloon-occluded antegrade transvenous obliteration (BATO). Demonstration of BATO (balloon occlusion from the portal venous side) and 
its subclassification into percutaneous transhepatic obliteration (PTO: a) and trans-TIPS (transjugular intrahepatic portosystemic shunt: b) obliteration. 
GV: gastric varices. (c,d) Illustration demonstrating trans-TIPS BATO (c) and a fluoroscopic image of a trans-TIPS BATO (d). The illustration depicts the 
BATO balloon in the posterior gastric vein, and the fluoroscopic image demonstrates an air-filled BATO balloon (hollow arrow) occluding the left gastric 
vein (coronary vein). (With permission from Saad WE, Kitanosono T, Koizumi J, Hirota S. The conventional balloon-occluded retrograde transvenous obliteration 
procedure: indications, contraindications and technical applications. Tech Vasc Intervent Radiol 2013;16:101–151.)
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Fig. 30.3  Percutaneous transhepatic access for the purpose of a percutaneous transhepatic obliteration procedure. Fluoroscopic image (a) and a 
digitally subtracted portogram (b) alternative during a limited portogram on access of the right-sided portal vein branches with a 21-gauge needle. The 
operator passes the 21-gauge needle into the right hepatic lobe. Contrast is injected through the needle (solid black arrow at needle tip) as it is retracted. 
The needle retraction is stopped when a small portal vein branch is visualized (dashed arrows). This technique is identical to that of percutaneous 
transhepatic cholangiography. (c) Fluoroscopic image with a 0.018-inch guidewire (dashed arrows) (Terumo, Corp, Tokyo, Japan) being advanced through 
the 21-gauge needle (solid arrow at needle tip). The 0.018-inch guidewire arcs into a lower portal vein branch, where the wire tip rests in this image. 
(d) Fluoroscopic image obtained as the 0.018-inch guidewire (dashed arrows) is being advanced farther through the 21-gauge needle (solid arrow at 
needle tip) and into the more central (and larger) right-sided portal vein branches. The 0.018-inch guidewire is now buckled (hollow arrow), which 
allows the wire to pass, in an atraumatic manner, more centrally into larger portal vein branches. (e) Fluoroscopic image obtained after the 0.018-inch 
guidewire has been exchanged for a 0.035-inch guidewire (dashed arrows) using a transitional sheath (usually 4 to 6 French). The operator watches the 
0.035-inch wire and whether it follows the expected morphology of the portal circulation. In this instance, the guidewire appears to pass down the 
main portal vein (MPV) and takes a left turn probably at the splenomesenteric confluence or junction (Sp-M-J) and into the splenic vein (SpV). This is a 
probability and cannot be a certainty without venography. Incidentally noted is a Rosen wire in the right hepatic vein (RHV). (With permission from Saad 
WE, Kitanosono T, Koizumi J. Balloon-occluded antegrade transvenous obliteration with or without balloon-occluded retrograde transvenous obliteration for the 
management of gastric varices: concept & technical applications. Tech Vasc Intervent Radiol 2012;15:203–225.)

from the systemic veins. It includes the percutaneous transhe-
patic approach, trans-TIPS approach, and (percutaneous or open 
surgical cutdown) approaches via ileocolic veins or mesenteric  
tributaries (TIO).

Portal Venous Routes
Percutaneous transhepatic obliteration is actually the first 
described route used solely for the obliteration (embolization) of 
gastric and esophageal varices. PTO, commonly used in the 1970s, 

predates the TIPS era.29–33 With the advent of BRTO in the early 
1990s, it has been used as a second choice approach or an adjunct 
to the traditional BRTO approach.15,16 PTO is the most commonly 
described alternative or adjunctive access.15,16 The portal access 
is obtained similarly to a right-sided percutaneous transhepatic 
cholangiography (PTC) and can be performed under moder-
ate sedation (▶  Fig. 30.3; ▶  Fig. 30.4). General anesthesia may 
be helpful in patients who cannot tolerate the procedure under 
moderate sedation or if the operator predicts a prolonged inter-
vention involving a PTO and BRTO.
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Fig. 30.4  Percutaneous transhepatic access and 
portography for the purpose of a percutaneous 
transhepatic obliteration procedure. Digitally 
subtracted portogram (a) and fluoroscopic image 
(b) during a limited portogram on access of the 
right-sided portal vein branches with a 21-gauge 
needle. The operator passes the 21-gauge needle 
into the right hepatic lobe. Contrast is injected 
through the needle (solid white arrow at needle tip) 
as it is retracted. The needle retraction is stopped 
when a small portal vein branch is visualized (dashed 
arrows). (c) Fluoroscopic image with a 0.018-inch 
guidewire (dashed arrows) (Terumo, Corp, Tokyo, 
Japan) being advanced through the 21-gauge 
needle (solid arrow at needle tip). The 0.018-inch 
guidewire (dashed arrows) buckles and conforms 
to the accessed portal vein branch (a,b). (d) 
Fluoroscopic image obtained after the 0.018-inch 
guidewire has been exchanged for a 0.035-inch 
guidewire (white dashed arrows) using a transitional 
sheath (usually 4 to 6 French). The operator watches 
the 0.035-inch wire (black dashed arrows) as it is 
pushed (hollow arrow depicting directional central 
push) centrally. The 0.035-inch wire is a soft floppy-
tipped Benston wire (Cook Corp, Bloomington, IN), 
which has a propensity to buckle in an atraumatic 
manner into the more central larger portal vein 
branches. (e) Fluoroscopic image obtained after 
the 0.035-inch guidewire (dashed arrows) was 
passed more centrally. The 0.035-inch wire follows 
the expected morphology of the portal circulation 
in the main portal vein. (f) Fluoroscopic image 
obtained after a short (11-cm) 7-Fr sheath (solid 
white arrow) over the 0.035-inch guidewire (dashed 
black arrows). (g,h) Two digitally subtracted images 
of a diagnostic portal angiogram/portogram in 
sequence. The images demonstrate the pathologic 
anatomy (morphology) of the gastric varices (GV) 
and its draining gastrorenal shunt (GRS). Despite 
the relatively large GRS, contrast is observed in 
the intrahepatic portal vein branches (solid black 
arrows). The dominant portal venous feeder is the 
posterior gastric vein (not marked or labeled), and 
the left gastric vein (LGV) is relatively rudimentary. 
IVC: inferior vena cava; PV: main portal vein; RV: 
left renal vein; Sp-M-J: splenomesenteric junction 
(confluence of the splenic and mesenteric veins); 
SpV: splenic vein. (With permission from Saad WE, 
Kitanosono T, Koizumi J. Balloon-occluded antegrade 
transvenous obliteration with or without balloon-
occluded retrograde transvenous obliteration for 
the management of gastric varices: concept and 
technical applications. Tech Vasc Interventional Rad 
2012;15:203–225.)
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The patient is placed supine with his or her arm at mid-ab-
duction. The right upper quadrant is prepared and draped in 
the standard surgical manner. Some operators use real-time 
ultrasound to access a right-sided portal vein radical. However, 
the current authors use real-time fluoroscopy in an attempt to 
access smaller, more peripheral portal vein branches that may not 
be visualized clearly by ultrasound. A 21- or 22-gauge needle is 
passed into the right hepatic lobe (▶ Fig. 30.3; ▶ Fig. 30.4). Con-
trast is injected as the needle is retracted until a portal vein rad-
ical is visualized. After confirming location within a portal vein 
radical, a 0.018-inch guidewire is advanced into the more central 
portal vein branches. A transitional graduated dilator (Accustick, 
Boston Scientific, Natick, Massachusetts; or Neph-set, Cook, Inc., 
Bloomington, Indiana) with a metal stiffener is advanced over the 
wire (▶ Fig. 30.3; ▶ Fig. 30.4). This set is used to upsize the wire to 
a 0.035-inch wire. The transitional dilator is then exchanged for a 
vascular sheath that is appropriately sized for the occlusion cath-
eter to be used. Planning for what type and size of occlusion cath-
eter is based on prior imaging, which is usually computed tomog-
raphy (CT) venography or magnetic resonance (MR) venography. 
Ideally, coronal projections or reformats would be available for 
planning the intervention. A 7-Fr sheath is required to accommo-
date most 10- to 11-mm occlusion catheters, which are usually 
the maximum required to occlude afferent (portal-venous side) 
feeders to gastric varices and ectopic varices (duodenal and mes-
enteric varices; see later discussion). After the adequately-sized 

vascular sheath is placed, a splenic, mesenteric, or portal veno-
gram is performed that is pertinent to the varix that needs oblit-
eration (▶ Fig. 30.4).

The TIPS approach is the least described alternative or adjunc-
tive access to the portal venous system (▶  Fig. 30.2c,d).26,34–36 It 
is usually a preexisting TIPS, and the access is rarely created for 
the sole purpose of the varices obliteration procedure.34,36 In a 
study by Park et al,37 6.7% of BRTO cases (n = 5 of 75) were per-
formed with a combined preexisting trans-TIPS approach and a 
traditional transrenal BRTO approach.30 After the 9- or 10-Fr TIPS 
sheath is placed via standard approach, a splenic, mesenteric, or 
portal venogram is performed that is pertinent to the varix that 
needs obliteration (▶ Fig. 30.5).

The advantages of this approach is that it is commonly per-
formed through a preexisting TIPS, and no additional access risk 
is taken.34–36 However, the largest disadvantage of this access is 
that it is an invasive route and takes time and resources to estab-
lish. In addition, it is a long and indirect access route (especially 
compared with the percutaneous transhepatic route), particu-
larly when the target vessel is a distance from the liver such as 
gastric varices and distal colonic.

After the portal venous branches leading to the varices in ques-
tion are identified, the operator must plan occlusion of these 
branches. The smaller veins are embolized with coils or vascular 
plugs. After the “debranching” of the gastric varix is performed, 
the major (largest) portal venous branch is occluded using the 

Fig. 30.5  Portal venogram through a transjugular intrahepatic shunt (TIPS) showing gastric varices (GV) and the gastrorenal 
shunt (GRS) and its parts. (a,b) Two digitally subtracted angiogram (portograms) in sequence performed through a TIPS. 
The TIPS is patent. There is a small diminutive splenic vein (a, SpV) that most likely represents a recannulated previously 
thrombosed splenic vein. There is also reversal of flow in the splenic vein (a, SpV). The gastric varices (a,b, GV) are supplied by 
the short gastric vein (SGV), the posterior gastric vein (PGV), and most dominantly the left gastric vein (LGV). The GVs empty 
into the gastrorenal shunt (GRS) that then empties into the left renal vein (LRV), which anatomically empties into the inferior 
vena cava (IVC) and right atrium (RA). MPV: main portal vein; MV: mesenteric vein. (With permission from Saad WE. Vascular 
anatomy and the morphologic and hemodynamic classifications of gastric varices and spontaneous portosystemic shunts relevant to 
the BRTO-procedure. Tech Vasc Intervent Radiol 2013;16:60–100.)
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Fig. 30.6  Variations of balloon-occluded antegrade 
transvenous obliteration (BATO), including 
combining with conventional balloon-occluded 
retrograde transvenous obliteration (BRTO). 
(a-d) Four illustrations demonstrating the various 
BATO approaches ending with a balloon inflated in 
the portal venous feeders of the gastric varices (GV), 
from right to left in the body and in the illustration, 
in the left gastric vein (a), the posterior gastric vein 
(b), and the short gastric vein (c). (d) Illustrates a 
combined BATO (in the posterior gastric vein [PGV]) 
and BRTO. An illustration (e) and a fluoroscopic 
spot image (f) demonstrating the BATO approaches 
ending with a balloon inflated in the left gastric vein 
(LGV) leading to the GV and the short gastric vein 
(c). In the illustration, there is no BRTO balloon, but 
the fluoroscopic image demonstrates a combined 
BATO (in the LGV) and BRTO. An illustration (g) and 
a fluoroscopic spot image (h) demonstrating a 
combined BATO and BRTO. The BATO balloon is 
inflated in the PGV, leading to the GV, and the 
BRTO balloon is in the GRS. (With permission from 
Saad WE, Kitanosono T, Koizumi J. Balloon-occluded 
antegrade transvenous obliteration with or without 
balloon-occluded retrograde transvenous obliteration 
for the management of gastric varices: concept and 
technical applications. Tech Vasc Interventional Radiol 
2012;15:203–225.)
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Fig. 30.7  Simple percutaneous 
transhepatic obliteration (PTO) 
and gastric variceal debranching 
combined with conventional balloon-
occluded retrograde transvenous 
obliteration (BRTO). PTO is a form 
of balloon-occluded antegrade 
transvenous approach (BATO). (a,b) 
Two digitally subtracted portograms 
in sequence performed with a 
pigtail catheter in the mid-to-distal 
splenic vein (SpV). There are gastric 
varices associated with a gastrorenal 
shunt (GRS). The dominant portal 
venous feeder to the varices and 
GRS is the LGV. RPV: right portal 
vein; PV: main portal vein; Sp-M 
J: splenomesenteric junction/
confluence. Two digitally subtracted 
portograms in sequence (c,d) 
performed with a pigtail catheter in 
the proximal (close to splenic hilum) 
splenic vein (SpV) with a magnified 
inset (e). Again seen are the gastric 
varices (GV), which are associated 
with a GRS. The dominant portal 
venous feeder to the varices and GRS 
is the left gastric vein (a,b); however, 
relatively small SGV do contribute 
to the GV and GRS. A small venous 
nipple (hollow arrow) is where the 
absent posterior gastric vein usually 
arises. IVC: inferior vena cava; PV: 
main portal vein; RV: left renal vein; 
Sp-M J: splenomesenteric junction/
confluence. Digitally subtracted 
short gastric venogram (f) and 
fluoroscopic spot image (g) before 
(f) and during (g) the embolization 
of the SGV. The approach is via a PTO 
approach. SpV: splenic vein. (With 
permission from Saad WE, Kitanosono 
T, Koizumi J. Balloon-occluded 
antegrade transvenous obliteration 
with or without balloon-occluded 
retrograde transvenous obliteration 
for the management of gastric varices: 
concept and technical applications. 
Tech Vasc Interventional Radiol 
2012;15:203–225.)
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balloon-occlusion catheter (▶ Fig. 30.6; ▶ Fig. 30.7). If the access 
to the portal circulation is via an established TIPS, two balloon- 
occlusion catheters can be passed through the TIPS and occlude 
the two major portal venous branches (if any).

After the varix has been “trapped” by embolizing smaller por-
tal venous branches (debranching) and balloon occlusion of the 
main portal venous branch with or without balloon occlusion of 
the shunt from the renal vein (traditional BRTO), the sclerosant 
is instilled (▶ Fig. 30.7). If the varix is adequately “trapped” from 
the portal venous side (BATO) and from the systemic venous side 
(BRTO) with occlusion balloons, sclerosant distribution without the 
need for additional microcatheter extensions is usually sufficient.

Systemic Venous Routes
Routes for Gastric Varices
The use of systemic access veins in an obliterative intervention 
is a backup choice to the gastrorenal shunt. The identifiable sys-
temic veins are (i) the left inferior phrenic vein, which empties 
into the inferior vena cava (IVC); (ii) the pericardial vein, which 
anastomoses with the inferior phrenic vein and empties into the 
left subclavian/left brachiocephalic vein; and (iii) paraesophageal 
veins, which empty into the azygous and hemiazygos system and 
then empty to the superior vena cava (SVC) via the azygous arch 
(▶  Fig.  30.8). These veins are commonly used for access when 
1) there is no other alternative (no gastrorenal shunt) or 2) in 
addition to the gastrorenal shunt if they provide “escape routes” 
for the sclerosant to travel into the systemic circulation from the 
gastric varices.9–19 In a study by Araki et al,15 14.5% (n = 11 of 76) 

of patients presenting with gastric varices did not have the typical 
gastrorenal shunt, and alternative systemic venous access routes 
were used in an attempt to perform a BRTO via them14; 82% (n = 
9 of 11) had identifiable systemic venous access routes; and the 
remaining patients (18%, n = 2 of 11) had numerous innominate 
collaterals (more similar to a retroperitoneal plexus of veins).14

These alternative veins are difficult to access from the major 
systemic venous access veins (the IVC, left brachiocephalic vein, 
and SVC, respectively) (▶  Fig. 30.8). They also require smaller 
balloons to occlude them. Intuitively, if these veins are small and 
difficult to cannulate, the risk of extravasation is higher. The BRTO 
procedure performed solely from these veins (no additional BRTO 
from the gastrorenal shunt) require smaller volumes of sclero-
sants compared with traditional BRTO via a gastrorenal shunt: 12 
mL (usually <20 mL) versus an average of 20 to 30 mL (usually 
<40 mL), respectively.14,16,37–40 Additional technical details regard-
ing these pathways can be found in the literature.41

Routes for Duodenal Varices
These systemic veins are commonly quite difficult to access. The 
gastrorenal shunt is not an option in duodenal varices. These sys-
temic veins include the renal capsular veins (right, left, or both), 
gonadal veins (right, left, or both), and right renal vein.23,24,28 More 
than 50% of duodenal variceal transvenous obliteration cases 
in the literature are performed using the BRTO technique from 
the systemic venous side of the portosystemic varices.21–28 The 
remaining cases have been approached from the antegrade portal 
venous side (BATO technique) via a TIPS approach or more com-
monly by a percutaneous transhepatic approach (PTO).

Fig. 30.8  An illustration of the venous anatomy 
around gastric varices without a gastrorenal shunt. 
The descending part of the vertical portion of 
the inferior phrenic vein is believed to form the 
gastrorenal shunt by anastomosing with the adrenal 
vein. ApIPV: ascending part of the vertical portion 
of the inferior phrenic vein; AV: azygous vein; AzA: 
azygous arch; E: esophagus; GV: gastric varices/
varix; IVC: inferior vena cava; LGV: left gastric vein 
(coronary vein); Lt BCV: left brachiocephalic vein; 
Lt SV: left subclavian vein; MV: mesenteric vein(s); 
Peric V: pericardial vein; PV: portal vein; Rt BCV: 
right brachiocephalic vein; SV: splenic vein; SVC: 
superior vena cava; TpIPV: transverse portion of the 
inferior phrenic vein. (With permission from Araki T, 
Saad WE. Balloon-occluded retrograde transvenous 
obliteration of gastric varices from unconventional 
systemic veins in the absence of gastrorenal shunts. 
Tech Vasc Intervent Radiol 2012;15:241–253.)
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Conclusion
When necessary, modifications and alternatives to the traditional 
BRTO are valuable techniques that can potentially improve the 
technical and clinical results of transvenous obliteration of gas-
tric, duodenal, and other ectopic varices. These methods include 
BATO from the portovenous side (trans-TIPS or PTO) and a 
BRTO from unconventional systemic veins such as the left infe-
rior phrenic, pericardiac, and azygous-hemiazygos veins. Use of 
these techniques requires in-depth knowledge of the variceal 
venous anatomy; careful preprocedural planning; and high-level 
technical skills with microcatheters, occlusion balloons, and 
embolization.

Clinical Pearls
•	 Balloon-occluded retrograde transvenous obliteration (BRTO) 

and balloon-occluded antegrade transvenous obliteration 
(BATO) are two technical approaches that can be performed 
solely or in combination on different types of ectopic varices 
(duodenal or mesenteric varices, for example) and are not 
specific to gastric varices.

•	 BRTO is retrograde variceal obliteration from the systemic 
veins, and there are variations of this approach depending on 
the feasible anatomy.

•	 BATO is antegrade variceal obliteration from the portal venous 
circulation, and there are variations of this approach depend-
ing on the feasible anatomy.

•	 BATO approaches include:
•	 Percutaneous transhepatic obliteration (PTO)
•	 Trans-TIPS obliteration
•	 Transiliocolic obliteration (TIO)

•	 BRTO is the more conventional approach because the access is 
usually readily available (systemic veins) and is less invasive 
than BATO approaches (see immediate points above).

•	 BRTO approaches are basically through the portosystemic 
shunts that are commonly associated with ectopic varices.
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Chapter 31: Clinical Outcomes of Balloon-Occluded 
Retrograde Transvenous Obliteration and Balloon-Occluded 
Antegrade Transvenous Obliteration
Paula M. Novelli and Wael E.A. Saad

Introduction
Gastric variceal bleeding is a major complication of portal hyper-
tension (PHT). Although less common than bleeding associated 
with esophageal varices, gastric variceal bleeding is associated 
with a higher mortality rate1,2 and less effective endoscopic treat-
ment options. Despite decades of varying endoscopic, percutane-
ous, and surgical treatment strategies, the literature is relatively 
less established, and treatment consequently is more empiric.3 
From an interventional radiology perspective, transjugular intra-
hepatic portosystemic shunts (TIPS) to decompress the portal 
circulation and balloon-occluded retrograde transvenous oblite-
ration (BRTO) are both used to address bleeding gastric varices.4–6 
The primary indications for BRTO are gastric variceal bleeding 
and hepatic encephalopathy refractory to medical management 
in the presence of gastrorenal shunt.4,7–37 The bleeding control 
rate of gastric varices after BRTO is reported as high as 91% to 
100%,7,8 and gastric varices occluded by BRTO have recurrence 
rates of 0 to 10%.38–44 Because BRTO diverts blood into the portal 
circulation and potentially into the liver, there is a favorable sig-
nificant reduction in encephalopathy in most, if not all, patients 
treated with BRTO. Although transient and long-term preserva-
tion of hepatic function45 can occur after BRTO, the obliteration 
of a low-pressure portal diversion pathway can lead to changes 
in portal hemodynamics that aggravate PHT and result in bleed-
ing from esophageal varices. The 1-, 2-, and 3-year esophageal 
variceal bleeding rates after BRTO are 27% to 35%, 45% to 66%, and 
45% to 91%, respectively.45

The classic BRTO procedure is performed from a femoral or 
jugular venous access site with cannulation of the gastrorenal 
shunt through the left renal vein. Occlusion of the shunt using 
balloon-occlusion catheters is followed by placement of a coax-
ial microcatheter for retrograde injection of a sclerosing agent. 
The balloon is deflated and removed after confirmation of shunt 
thrombosis after a dwell period. A detailed description of the 
BRTO procedure is described in Chapter 29 of this book.

Candidates for the BRTO Procedure
Spontaneous gastrorenal shunts develop in up to 85% of patients 
with gastric varices.4,46,47 These patients with shunts that can be 
occluded by available balloon occlusion catheters are candidates 
for the classic BRTO procedure.48 Despite having treatable shunts, 
patients with a large (>5 cm) hepatocellular carcinoma (HCC) or 
large-volume intractable ascites are not candidates for BRTO.13 HCC 
itself significantly reduces survival in patients undergoing BRTO.

Technical Success
Using patient selection criteria discussed and when performed 
as described earlier, technical success for BRTO ranges from 79% 

to 100%.4,7,9–13,19–23,29,30,31,34,35,46,48 This success does not rely on addi-
tional adjunctive obliterative procedures such as balloon-oc-
cluded antegrade transvenous obliteration (BATO) and endo-
scopic sclerotherapy.

Technical success (defined as sclerosant completely filling the 
gastric varices and gastrorenal shunt) can also be achieved in 
patients with incomplete variceal obliteration using staged pro-
cedures with treatment goals completed over additional sessions. 
This alternate approach can be used to limit the volume of scle-
rosant per session. Dose-related hemolysis and hemoglobinuria-
induced renal dysfunction can occur with ethanolamine oleate 
(EO) and sodium tetradecyl sulfate (STS) sclerosant agents.49

Five centers studying 210 patients undergoing staged or 
sequential BRTO have reported progressive and complete oblit-
eration of the gastric varices.5,13,31,33,48 Cumulatively, these studies 
show technical success in 71% after one treatment, 88% after the 
second, and 91% after three treatment sessions.

BATO as an adjunct or rescue technique along with the clas-
sic BRTO is a useful modification for control of gastric varices 
to increase technical success. BATO alone is successful in 44% to 
100% of cases.32,50 Approaching the varices from the portal venous 
side is most easily achieved through an existing TIPS. Transhe-
patic and transiliocolic routes are also used. BATO in conjunction 
with BRTO can reduce sclerosant overspill from the gastric varices 
into the portal vein (PV). Despite a relatively straightforward pro-
cedure, technical failure may occur for a variety of reasons. We 
have previously classified these technical factors into categories I 
to IV shown in ▶ Table 31.1.45

The actual incidence of each of these type I to IV technical fail-
ures is difficult to determine from analyzing the existing literature 
as scant details of technical failures are reported in most of the 
large-scale reviews and studies.12 Three studies evaluated 14 
technical failures in 160 BRTO procedures. The studies reported 
type I failures in 2 of the 14; type II failures accounted for 5 of the 
14 failures. Type III failures were to blame for 6 of the 14 techni-
cal failures. Type IV failure occurred in 1 of 14.10,11,19 Type I and II 
technical failures are often related to operator inexperience and 
lack of appropriate catheters and occlusion balloons. A retrospec-
tive study on 41 BRTO procedures using a variety of occlusion 
balloon catheters available in the United States showed that a 
balloon occlusion catheter greater than 20 mm is rarely required. 
In that study, 75% of the gastrorenal shunts could be occluded 
using 13-mm balloons, but 30% could be occluded using 10-mm 
size balloons. Balloon catheters between 14 and 20  mm were 
necessary in 25%. In Asia, vascular sheaths, diagnostic catheters, 
and occlusion balloons are designed for BRTO. These specifically 
designed catheters can facilitate cannulation and occlusion of the 
shunts.7,38,46

Type IV technical complications involve rupture of the bal-
loon occlusion catheter early in the procedure. This early rupture 
requires instillation of added sclerosant through another occlu-
sion balloon catheter. The reported incidence of type IV failure in 
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the literature from Japan ranges from 2.8% to 8.7% of BRTO pro-
cedures.30,51 BRTO in Japan uses EO as the sclerosant. EO is not 
available in the United States; therefore, 3% STS is used as the 
sclerosant. Typically, in the United States, a mixture of Lipiodol 
(Guerbet LLC, Bloomington, Indiana)–STS–air/CO2 is used to cre-
ated a fluoroscopically visible foam. A study by Saad et al52 specif-
ically looked at the incidence of balloon rupture using STS as the 
sclerosing agent through balloon occlusion catheters available in 
the United States. In this retrospective study of 41 consecutive 
BRTO procedures on 40 patients, a balloon rupture rate of 15% 
was reported (double the 2.3%–8.7% incidence reported rates in 
the Japanese and Korean literature).51 The study concluded that 
dwell time (described as either greater than 6 hours or less than 
6  hours) did not influence balloon rupture. Furthermore, the 

study revealed a trend for latex balloon occlusion catheters to  
be more prone to rupture during BRTO despite being inflated 
to industry specifications.

Rarely does balloon catheter rupture pose a serious harm to 
patient or impact procedure clinical success. The more likely sce-
nario is operator frustration with the need to exchange the cath-
eter system.

In the immediate post-BRTO period, transient fever, hematuria, 
and abdominal pain have been observed in a large percentage 
of patients.49 More serious procedure-related complications are 
rarely reported and include asymptomatic and symptomatic pul-
monary embolus, anaphylactic reactions to EO, and pulmonary 
edema.

Portal vein thrombosis and renal vein thrombosis are also 
potential complications of BRTO. Interestingly, when postproce-
dural imaging (cone-beam computed tomography [CT] or fluor-
oscopy) demonstrates small overspill of sclerosant into the intra-
hepatic PVs this is usually without clinical consequence.12 See 
▶ Table 31.2 for procedure-related complications.

Follow-up endoscopic examinations reveal localized mucosal 
changes in the region of treated gastric varices in a majority of 
patients. A typical gastric ulceration pattern with or without asso-
ciated bleeding has also been reported.30 These endoscopically vis-
ible changes usually respond to short-term conservative therapy.

Postprocedure Imaging Evaluation
Imaging success is usually fluoroscopically apparent at the 
completion of the procedure; therefore, strict time frames for 
cross-sectional imaging or ultrasound follow-up are not strictly 

Table 31.1  Causes of Balloon-Occluded Retrograde Transvenous 
Obliteration Technical Failures

Type Description

I Failure to cannulate the gastrorenal shunt with or without 
contrast or sclerosant extravasation

II Failure to occlude a large shunt with available occlusion 
balloons

IIIa Failure to opacify the shunt in the setting of a complex 
multi-collateral gastrorenal or gastric variceal system

IIIb Failure to opacify the shunt and extravasation of contrast or 
sclerosant into the retroperitoneum

IV Occlusion balloon rupture occurring before effective 
variceal obliteration

Table 31.2  Procedure-Related Complications of Balloon-Occluded Retrograde Transvenous Obliteration

Study Patients (n) Complication Rate

Cho et al12 49 Death 2/4 (4.3%)

Pulmonary embolus 2/49 (4.3%)

Left renal vein thrombus 1/49 (2.2%)

Hemoglobinuria 26/49 (53.1%)

Saad et al55 39 Spontaneous bacterial peritonitis 4/49 (8.2%)

Partial portal vein thrombosis 1/39 (2.5%)

Partial left renal vein thrombosis 1/39 (2.5%)

Cardiac arrhythmia 1/39 (2.5 %)

Pulmonary embolus 1/39 (2.5%)

Jang et al53 183 Pulmonary embolus 5/183 (2.7%)

Left renal infarct 1/183 (0.5%)

Gastrorenal shunt rupture 1/183 (0.5%)

Watanabe et al58 77 Portal vein thrombosis 3/77 (3.9%)

Renal vein thrombosis 2/77 (2.6%)

Splenic vein thrombosis 2/77 (2.6%)

Based on data from Cho SK, Shin SW, Lee IH, et al. Balloon-occluded retrograde transvenous obliteration of gastric varices: outcomes and complications in 
49 patients. AJR Am J Roentgenol 2007;189(6):W365–W372.12; Jang SY, Kim GH, Park SY, et al. Clinical outcomes of balloon-occluded retrograde transvenous 
obliteration for the treatment of gastric variceal hemorrhage in Korean patients with liver cirrhosis: a retrospective multicenter study. Clin Mol Hepatol 
2012;18:368–374.53; Kato T, Uematsu T, Nishigaki Y, et al. Therapeutic effects of BRTO on portal-systemic encephalopathy in patients with liver cirrhosis. 
Intern Med 2001;40:688–691.54; and Saad WE, Wagner C, Al-Osaimi A, et al. The effect of balloon-occluded transvenous obliteration of gastric varices and 
gastrorenal shunts on the hepatic synthetic function: a comparison between Child-Pugh and model for end-stage liver disease scores. Vasc Endovascular Surg 
2013;47(4):281–287.55
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defined. Doppler ultrasonography can reliably evaluate PV and 
renal vein patency after the procedure.

Lack of gastric variceal opacification and decreased size of the 
gastric varices is the expected anatomic outcome of BRTO. A non-
contrast and contrast-enhanced portal venous phase CT clearly 
depicts this and will show the patency and anatomy of the PV 
and tributaries. At the authors’ institution, CT imaging follow-up 
is done 3 to 4 months after the BRTO procedure. In the setting 
of unexpected fever, drop in hemoglobin, and so on, a more 
urgent CT is obtained. Whereas varices obliterated using sclero-
sant mixed with contrast will appear isodense on precontrast CT, 
lipiodol-filled varices are hyperdense. Contrast-enhanced mag-
netic resonance imaging is similarly useful in this cross-sectional 
follow-up.

Clinical Outcomes
The effectiveness of BRTO in controlling gastric variceal bleed-
ing is well documented. Rebleeding rates are generally reported 
at lower than 5%.46 When considering as an intent-to-treat 
basis including technical failures, the gastric variceal rebleed 
rate ranges from 0% to 31.6%.4,7,9–13,19–23,31,34,36,46,48 These studies 
do not clearly note whether rebleeding occurs from gastric 
varices versus from esophageal and duodenal varices or from 
portal hypertensive gastropathy. Three studies evaluating a 
combined 141 patients looked specifically at rates of gastric 
variceal recurrent bleed (3.2%–8.7%) versus global variceal 
recurrent bleed (19%–31%) after BRTO. These studies showed 
an intent-to-treat gastric variceal recurrent bleed rate of 10% 
to 20%.7,10,11

The higher global variceal recurrent bleed rates reflect the 
increase in PHT after BRTO. Four large studies surveying 160 
patients with repeated endoscopy over a 3-year period after BRTO 
reported 1-, 2-, and 3-year aggravation of esophageal varices rates 
of 27% to 35%, 45% to 66%, and 45% to 91%, respectively.9,13,23,32 This 
worsening of esophageal varices is more likely to occur in patients 
with preexisting varices at the time of BRTO. A large retrospec-
tive study involving 177 patients undergoing BRTO found that 
new esophageal varices appeared in more than 50% of patients 
who had no esophageal varices before BRTO. In addition, aggrava-
tion of esophageal varices was noted in approximately one third 
of patients with preexisting esophageal varices.53 Routine upper 
endoscopy is encouraged in regular intervals after BRTO at which 
time band ligation may be required. Two studies evaluating 117 
patients found that bleeding from esophageal varices occurred in 
36% to 57% of patients who developed aggravation of esophageal 
varices after BRTO.10,46

In recent years, BRTO has become a reliable method for treat-
ing encephalopathy refractory to medical management. Complete 
obliteration of spontaneous gastrorenal shunt in these patients 
with portosystemic encephalopathy results in enhanced ammo-
nia detoxification from the liver. Several studies have shown 
immediate reduction or complete resolution of encephalopathy 
in patients with portosystemic shunt encephalopathy.4,13,24,34,50,54 
Even with partial BRTO obliteration, the plasma ammonia levels 
significantly decrease after 24 to 48 hours. Six of seven patients 
with West Haven Criteria hepatic encephalopathy grades II and III 
were shown in one study to be completely resolved of symptoms 
at 1 and 4 months after BRTO.54

Kaplan-Meier survival rates after BRTO range from 83% to 98% 
at 1 year, 76% to 79% at 2 years, 66% to 85% at 3 years, and 36% to 
69% at 5 years, respectively.4,19,23,27,32–34 Hepatic synthetic reserve 
is thought to be the most important prognostic factor for survival 
after BRTO. The presence of HCC is considered to be the second 
most important prognostic factor.

Ascites and hepatic hydrothorax have been reported after 
BRTO despite transient improvement or preservation of hepatic 
function. Several studies report these transudative complica-
tions occurring within 30 to 60 days after BRTO in up to 8% of 
patients.30,35,43 Massive or medically refractory ascites develops in 
up to 2.6% of patients, and up to 5.8 % of patients develop refrac-
tory hydrothorax. These complications may be related to wors-
ening of PHT after obliteration of the low-pressure gastrorenal 
shunt or might be caused by worsening hepatic synthetic func-
tion. Saad et al have described evaluating the effect of BRTO on 
the model for end-stage liver disease (MELD) rather than relying 
on the Child-Pugh (C-P) score, which considers ascites as a means 
of differentiating complications that are oncotic driven from 
those related to hepatic synthetic dysfunction.55 The MELD score 
may be a more sensitive indicator of hepatic reserve after BRTO.55

The MELD score was originally developed as a predictor of mor-
tality in cirrhotic patients about to undergo TIPS procedures.56 
The MELD score increases after TIPS because of diversion of blood 
from the hepatocytes. Most publications suggest that based on 
C-P scores, hepatic function initially improves for 6 to 9 months 
after BRTO and then returns to baseline.13,41 This is likely caused 
by BRTO-induced increased flow to liver parenchyma. Miyamoto 
et al have described an average about 50% more flow toward the 
liver after BRTO.27

The clear disadvantage of this increased portal flow in a 
patient with PHT has already been described with the worsen-
ing of nongastric varices, portal hypertensive gastropathy, ascites, 
and hepatic hydrothorax. Of course, not all patients experience 
these events despite increases in hepatic portal blood flow. Some 
patients continue to develop other collateral pathways to decom-
press the increase in portal blood flow; others may simply not 
respond to augmented flow.

In the Saad et al retrospective study, 26 patients with techni-
cally successful BRTO procedures were evaluated for changes in 
MELD, C-P, and MELD/C-P component contribution. The study 
found a positive effect on hepatic reserve from 1.5 to 4 months 
after BRTO. Specifically, serum bilirubin and international nor-
malized ratio were found to drop significantly below baseline 
levels. No significant changes in serum creatinine were observed 
in the 4-month study period. These improved markers of hepatic 
synthetic function decreased MELD scores. C-P scores did not 
improve despite significant increases in serum albumin levels 
during the 1- to 4-month study period because of the onset of 
ascites in 8 of 26 patients. Overall, in the majority of patients, the 
improvement in hepatic function may be transient with return to 
baseline pre-BRTO hepatic function within 9 months.13,27,43

It is fair to say that not all gastrorenal shunts have the same 
volume of flow; therefore, the effect of portal venous diversion 
toward the liver or resulting decompression through new por-
tosystemic collaterals is not the same in all patients. A study by 
Kumamoto et al showed that BRTO protects hepatic function in 
patients with gastrorenal shunts. This group found that patients 
with gastrorenal shunts treated with BRTO had stable hepatic 
function in up to 3-year follow-up similar to control group C-P 

IRBK003-CH31_p292-296.indd   294 5/24/17   4:06 PM



Chapter 31: Clinical Outcomes of Balloon-Occluded Retrograde Transvenous Obliteration

295

class A or B cirrhotic patients without gastrorenal shunts. The 
BRTO group also experienced a transient improvement in hepatic 
synthetic function by C-P score for 6 to 12 months after BRTO. 
In their study, hepatic function progressively deteriorated by C-P 
score in patients with untreated gastrorenal shunts.13

Patients with both TIPS and BRTO pose a unique hemodynamic 
scenario. In theory, the increased portal pressure burden to the 
liver and the remaining portal venous circuit could be buffered 
by the TIPS. In theory, this might be an ideal situation. The typical 
Western approach of managing PHT using decompression via TIPS 
creation can worsen hepatic function, be complicated by enceph-
alopathy, and result in significant mortality in patients with MELD 
scores above 17. A recent study by Saad et al aimed to evaluate 
the protective value of this TIPS buffer against the development of 
ascites and/or bleeding after BRTO.57 In this retrospective study, 
patients were placed into two groups, BRTO alone and BRTO plus 
TIPS. Thirty-six patients had successful BRTO procedures. Of these 
36 procedures, 9 patients were included in the BRTO plus TIPS 
group. Two patients in this group had combined procedures; the 
other four had BRTO in the setting of preexisting TIPS (average, 
4.9 months; range, 0–14 months). One-year survival rates in both 
groups were similar. No patients in the BRTO plus TIPS group 
experienced recurrent variceal bleeding. Recurrent bleeding for 
the BRTO-only group at 3, 6, 12, and 24 months was 5%.

Similarly, whereas ascites and hydrothorax did not occur in 
the BRTO plus TIPS group of patients, the ascites- and hydro-
thorax-free rate for BRTO alone at 3, 6, 12, and 24 months were 
87%, 58%, 43%, and 29%, respectively. Three patients developed 
symptomatic ascites requiring paracentesis (n = 2) or TIPS (n = 1). 
For the BRTO-only group, this is a symptomatic ascites rate of 
11% (N = 3/27). This seems to establish a protective role for TIPS 
against the development of ascites and hydrothorax after BRTO 
and suggests that if refractory ascites or hydrothorax develops 
after BRTO, a TIPS may prove to be beneficial.

Conclusion
The conventional BRTO procedure can successfully achieve first- 
or second-line definitive therapy for gastric variceal bleeding. The 
procedure is technically feasible in 79% to 100% of patients with 
few significant procedure-related complications. Obliteration of 
the gastrorenal shunt that functions to decompress the portal 
venous circuit may lead to an aggravation of esophageal varices. It 
appears, however, that the risk of recurrent variceal hemorrhage is 
not significantly affected. Routine endoscopic surveillance is war-
ranted in these patients. The transient early increase in clinically 
symptomatic transudative fluid is likely oncotically driven and, 
if refractory to standard therapies, it can be successfully treated 
with TIPS. Early experience combining TIPS and BRTO procedures 
for the management of variceal bleeding has shown encouraging 
results (decreased bleeding from all sources and fewer instances 
of ascites). These improved outcomes are superior to results from 
each procedure alone.

Clinical Pearls
•	 Gastric variceal bleeding is less common than esophageal 

variceal bleeding yet is associated with both higher mortality 
rate and less effective endoscopic treatment options.

•	 BRTO and or BRTO–BATO have emerged as a clinically advan-
tageous option to treat variceal bleeds associated with gastro-
renal shunts.

•	 BRTO is a reliable method for treating splenorenal shunt–
related encephalopathy refractory to medical management.

•	 Rebleeding rates after successful BRTO are generally reported 
at lower than 5%.

•	 Patients with a large (>5 cm) hepatocellular carcinoma or 
large-volume intractable ascites are not candidates for BRTO.

•	 Despite a relatively straightforward procedure, BRTO technical 
failure may occur for a variety of reasons described.

•	 Transient ascites and hepatic hydrothorax have been reported 
after BRTO despite some preservation of hepatic function.

•	 The MELD score may be a more sensitive indicator of hepatic 
reserve after BRTO.

•	 Emerging data on TIPS and BRTO combined procedures is 
encouraging with decreased bleeding from all sources and 
fewer instances of ascites compared with results from the 
individual procedures alone.
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Introduction
Duodenal varices (DVs) are an uncommon manifestation of por-
tal hypertension or mesenteric/portal vein thrombosis, repre-
senting approximately 17% of ectopic varices.1,2 Pathologically 
they represent dilated mesoportal varicosities and portosystemic 
collaterals in the duodenal wall.3 Despite their infrequency, they 
may be potentially life threatening as they carry a fourfold risk of 
bleeding compared with esophageal varices and a mortality rate 
approaching 40% secondary to unrelenting hemorrhage.3–6

The most commonly encountered varices are esophageal and 
gastric, which are amenable to medical and endoscopic inter-
ventions.4–12 Due to the anatomic location and hemodynamics, 
however, the medical and endoscopic management of DVs is 
limited.1,3,4,6,13 In addition to surgical resection, endovascular 
management with decompressive transjugular intrahepatic por-
tosystemic shunt (TIPS)14,22,23 or transvenous obliteration remains 
a potential treatment option. In the limited data in the litera-
ture, the rebleed rate after TIPS is approximately 21% to 37% and 
approximately 13% following transvenous obliteration.2,29

The chapter discusses specifically duodenal varices (DVs). How-
ever, with the exception of anatomical location specific to DVs, 

the general classification and management approach applies to 
all ectopic mesenteric varices, whether in the small bowel or large 
bowel.

Anatomy and Pathophysiology and 
Hemodynamic Classification
DVs are considered “true veins” when compared with esophageal 
varices. DVs, however, have thinner walls and larger diameters, 
resulting in greater wall tension and increased rates of bleeding.3 
DVs are portoportal or portosystemic retroperitoneal collateral 
vessels (▶  Fig. 32.1).3 The portal venous supply of DVs includes 
pancreaticoduodenal veins, cystic branches from the superior 
mesenteric veins, gastroduodenal veins, and pyloric veins.3,7 The 
systemic venous drainage of DVs is commonly via the gonadal 
veins, particularly the right gonadal vein, and the capsular renal 
veins, all of which drain into the inferior vena cava.3,7 The left 
gonadal vein may be involved in DVs and is typically associated 
with DVs in the third and fourth portions of the duodenum. In 
rare instances, DVs may drain directly into the inferior vena cava 
or right renal vein.3

Fig. 32.1  Classification of ectopic varices. (a,b) Baseline anatomy images to help interpret the images of the classification system. The image 
demonstrates a representative portal or mesenteric vein branch (Port Circ) on the right and a representative systemic vein branch (Syst Circ) on the left 
of a cross-section through a bowel loop, which is representative of the gastrointestinal tract (GIT). Typical portal venous (splanchnic veins) branches 
would include the portal vein proper, the mesenteric vein, and the splenic vein. Typical systemic veins include the inferior vena cava, the gonadal 
veins, renal veins, and retroperitoneal and paravertebral veins. Varices are seen in the wall of the bowel. (a) Ectopic varices are supplied and drained by 
portal collaterals (hollow black arrows) and drained (efferent collateral) by a portosystemic collateral (solid black arrow). (b) Ectopic varices are supplied 
and drained by portal collaterals (hollow black arrows) and not drained by a portosystemic collateral. The efferent collateral drainage is portal and not 
systemic. In both (a) and (b), there is no portal venous occlusion. (Reprinted with permission from Saad WE, Lippert A, Saad NE. Ectopic varices: Anatomical 
classification, hemodynamic classification, and hemodynamic-based management. Tech Vasc Interv Radiol 2013;16(2):158–175.)
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Location of DVs is due to locoregional pathology including 
splanchnic vein (splenic, splenoportal, mesenteric, mesopor-
tal, or portal) stenosis, thrombosis, or occlusion, adhesions 
and scarring from prior surgeries, or inflammatory processes 
(▶ Table 32.1). The most common site for DVs is in the duode-
nal sweep in the first portion (D1: Duodenal bulb), the second  
portion (D2), and the proximal portion of the third portion of 
the duodenum (D3). DVs in the distal duodenum (D3 and D4) are 
usually associated with splenic vein thrombosis with or without 
portal vein thrombosis.

There are two classifications for DVs (as in all ectopic varices): 
the nonocclusive, or oncotic type (secondary to portal hyperten-
sion), and the occlusive type (due to mesenteric or portal vein 
thrombosis) (▶ Table 32.2; ▶ Fig. 32.2).3

Endoscopy and Imaging
Standard imaging evaluation for DVs has not been estab-
lished. Endoscopy, however, is the initial modality of choice 
to diagnose and localize the ectopic DVs.5 Contrast-enhanced 

Table 32.1  Typical Locations for Duodenal Varices with Various 
Locoregional Pathologies

Etiologies Location

Generalized or global portal hypertension of all 
etiologies

D1a and D2b

Status after gastrectomy D2

Status after balloon-occluded retrograde transvenous 
obliteration of gastric varices

D1 and D2

Mesenteric carcinoid D3c−D4d>D2

Chronic pancreatitis D1 + D2>D3

Splenoportal thrombosis D1 + D2>D3

Mesoportal thrombosis D2 + D3

Focal mesenteric occlusion D3 or D4
aD1: first part of the duodenum (duodenal bulb)
bD2: second part of duodenum (duodenal sweep or descending part)
cD3: third part of the duodenum (transverse retroperitoneal part)
dD4: ascending part to the ligament of Treitz.
Reprinted with permission from Saad WE, Lippert A, Saad NE. Ectopic 
varices: Anatomical classification, hemodynamic classification, and 
hemodynamic-based management. Tech Vasc Interv Radiol 2013; 
16(2):158–175.

computed tomography (CT) and magnetic resonance imaging 
(MRI) are important for the evaluation and management of 
DVs as these modalities determine if portal hypertension is 
present and identify portal vein and mesenteric thrombosis. 
Secondary signs of portal hypertension include splenomegaly, 
ascites, hepatic hydrothorax, and development of portosys-
temic collaterals.3 CT and MRI may also identify DVs that were 
not appreciated on endoscopy. The use of ultrasound is limited 
to evaluating the patency of the intrahepatic and extrahepatic 
portal vein, and the distal splenic and mesenteric veins at their 
confluence. Ultrasound may also determine the direction of 
mesoportal blood flow, specifically whether flow is hepatof-
ugal (away from the liver), hepatopetal (toward the liver), or 
fluctuating.3 

In the setting of splanchnic vein thrombosis (thrombosis of the 
portal vein, mesenteric vein, and/or splenic vein), it is important 
to identify if the DVs occur along the “spleno-portal axis” versus 
“meso-portal varices” or both axes. This is important to help the 
management approach of duodenal varices. 

Management of  
Duodenal Varices
Medical management of ectopic DVs includes supportive care 
with fluid resuscitation and, if necessary, administration of octre-
otide and systemic vasopressin.1 Endoscopic-guided management 
includes banding, sclerotherapy, or injection of thrombin, N-butyl 
cyanoacrylate, or histoacryl.15 Sclerosants typically include eth-
anolamine oleate, sodium tetradecyl sulfate, and polidocanol.9,21 
These endoscopic options are suitable for short-term hemostasis, 
but long-term hemostasis is difficult to achieve by endoscopic 
means alone. Bleeding after endoscopic management of DVs is 
common. 

Surgical management of DVs includes resection of varices, duo-
denectomy, and suture ligation. Surgical portosystemic shunts 
may also be created, but carry an increased morbidity when 
compared with the percutaneous approaches including TIPS 
creation.4,6,17

Endovascular management included TIPS decompression with 
or without sclerosis16 for nonocclusive (Type-a) DVs and reca-
nalization with or without sclerosis for occlusive (Type-b) DVs 
(▶  Fig. 32.3). In the setting of splanchnic thrombosis along the 
spleno-portal axis, partial splenic artery embolization is another 
option. On the other hand, recanalization is needed if the throm-
bosis is along the meso-portal axis.

Table 32.2  Classification System for Ectopic Varices

Type
Portoportal  
Collaterals Only

Both Portoportal and Portosystemic Collaterals 

Predominantly Portoportal Collaterals with 
Minimal, if any, Portosystemic Shunting

Predominantly Portosystemic Collaterals 
with Significant Portosystemic Shunting 

Nonocclusive (a) Type-1a Type-2a Type-3a 

Occlusive Type (b) Type-1b Type-2b Type-3b 

Note: The nonocclusive type is in the setting of a patent portal system and the occlusive type is in the setting of splanchnic thrombosis. The various 
collaterals may be portoportal or a combination of portosystemic and portoportal.
Reprinted with permission from Saad WE, Lippert A, Saad NE. Ectopic varices: Anatomical classification, hemodynamic classification, and hemodynamic-based 
management. Tech Vasc Interv Radiol 2013;16(2):158–175.
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Fig. 32.2  (a) Overview of the classification system. 
Type-a is nonocclusive and is pressure driven. 
Type-a usually has some element of portosystemic 
collaterals (type-a2 and type-a3) to decompress 
the higher portal pressure. Type-b is the occlusive 
type and may have no portosystemic collaterals; 
the varices may simply be part of a portal-to-portal 
bypass of a focal occlusion (type-b1); however, 
portosystemic collaterals may exist (type-b2 
and type-b3). (b) Type-1 ectopic varices without 
portal venous branch occlusion (type-1a) and 
with portal venous branch occlusion (type-1b). 
The portal venous branch may be any vein in the 
portal circulation. This includes mesenteric vein 
and tributaries and portal vein tributaries as well 
as the main portal, mesenteric, and splenic veins. 
(c) Type-2 ectopic varices without portal venous 
branch occlusion (type-2a) and with portal venous 
branch occlusion (type-2b). The portal venous 
branch may be any vein (location or size) in the 
portal circulation. The main efferent outflow of 
the ectopic varices in type-2 is portal and not 
portosystemic. Flow in the existing portosystemic 
collaterals may be minimal and may even fluctuate. 
(continued)
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Fig. 32.2  (Continued) (d) Type-3 ectopic varices without 
portal venous branch occlusion (type-3a) and with portal 
venous branch occlusion (type-3b). The portal venous 
branch may be any vein (location or size) in the portal 
circulation. The main efferent outflow of the ectopic 
varices in type-3 is portosystemic and not portoportal. 
GV: gastric varices; HTN: hypertension. (Reprinted with 
permission from Saad WE, Lippert A, Saad NE. Ectopic varices: 
Anatomical classification, hemodynamic classification, and 
hemodynamic-based management. Tech Vasc Interv Radiol 
2013;16(2):158–175.)

Fig. 32.3  Management approach to duodenal varices. The management approach is simple: if there is no occlusion, decompress with portosystemic 
shunt with or without sclerosis; if there is an occlusion, recannulate or bypass with or without sclerosis. BATO: balloon-occluded antegrade transvenous 
obliteration, BRTO: balloon-occluded retrograde transvenous obliteration, HTN: hypertension, TIPS: transjugular intrahepatic portosystemic shunt. 
(Reprinted with permission from Saad WE, Lippert A, Saad NE. Ectopic varices: Anatomical classification, hemodynamic classification, and hemodynamic-based 
management. Tech Vasc Interv Radiol 2013;16(2):158–175.)
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TIPS Decompression with or without 
Recanalization
Endovascular management of nonocclusive DVs involves the cre-
ation of TIPS to decompress the portal circulation (▶  Fig. 32.4). 
This is then followed by transvenous sclerotherapy using various 
agents including ethanolamine oleate, 50% glucose and absolute 
alcohol, or 3% sodium tetradecyl sulfate (STS) foam.4 STS is mixed 
in standard fashion with a 1:2:3 ratio of 1 part lipiodol, 2 parts 3% 
STS, and 3 parts air.

TIPS is ineffective for decompressing DVs caused by throm-
bosis or occlusion of the splanchnic veins.3 In these situations, 
recanalization of the occluded splanchnic veins is an appropri-
ate solution to decompress the varices (▶ Fig. 32.5; ▶ Fig. 32.6). 
If splanchnic venous occlusion involves the confluence of the 
splenic and mesenteric veins, recanalization and stent place-
ment should be performed from the mesenteric vein to the 
portal vein in conjunction with partial splenic artery embo-
lization. If the intrahepatic portal vein is thrombosed, the 
recanalized portal vein should be extended by a TIPS in order 
to preserve outflow and maintain patency of the system. If the 
primary contributor to DVs is the splenic outflow occlusion, 
then splenic artery embolization may be considered. Splenic 
artery embolization with or without portal vein recanalization 
is highly effective.3 

Transvenous Obliteration 
Transvenous obliteration should be performed with a balloon- 
occluded antegrade transvenous obliteration (BATO)32,33 approach 

or a balloon-occluded retrograde transvenous obliteration 
approach (BRTO).18–20,24–28,30,31 A BATO approach is used in order 
to avoid reflux of sclerosant into the portomesenteric circulation 
and to maximize dwell of the sclerosant within the DVs.3 Balloon 
occlusion may be performed using standard occlusion balloons. 
Alternately, sclerosis may be performed without balloon occlu-
sion and with the placement of 0.035-inch coils, or Amplatzer 
vascular plugs instead.

Transvenous obliteration may be performed concomitantly at 
the time of TIPS placement to obliterate the DVs and to occlude 
the portosystemic shunting. It is important when combining 
TIPS-decompression and transvenous sclerosis (obliteration) 
without balloon-occlusion to perform the sclerosis first, and 
then the TIPS subsequently, so that the portal pressure-head and 
resultant preferential flow into the varices is capitalized on. If the 
decompressive TIPS is performed first and is effective, the flow 
is reversed in the afferent limb and the sclerosant would not 
impregnate and dwell in the varices, rendering the sclerosis less 
effective. This principal applies to all varices, ectopic or otherwise.

Transvenous obliteration may also be performed without TIPS 
placement if the patient is not a TIPS candidate due to profound 
hepatic encephalopathy, hepatic failure, or right heart failure. 
This is performed via a transhepatic portal approach with trans-
venous sclerosis of the DVs with balloon occlusion.

Conclusion
A standard endovascular management protocol for DVs has yet to 
be established.4,5 As they are relatively uncommon, the literature 
consists mostly of case reports and small case series. Due to the 

Fig. 32.4  Type-2a ectopic varices with patent portal vein, predominant portoportal collaterals, and diminutive 
portosystemic collaterals. (a) Venogram through a patent transjugular intrahepatic portosystemic shunt (TIPS) 
and patent portal vein. The selective venogram demonstrates portoportal collaterals, which run parallel to the 
patent portal vein and through the second portion of the duodenum. Duodenal varices (DVs) in the submucosa 
of the duodenum are actually the portoportal collaterals themselves. In essence, despite the patency of the 
portal vein, these collaterals represent a “partial cavernosis” effect of the portal vein. The predominant blood 
flow hemodynamics are porto-to-portal in a hepatopetal direction. There is lesser portosystemic flow (b) via a 
portosystemic collateral. (b) Venogram through a patent transjugular intrahepatic portosystemic shunt (TIPS) 
and patent portal vein. The selective venogram is of the lesser portosystemic collateral (solid black arrows), which 
connects to systemic retroperitoneal veins. This makes this a type-2a ectopic varices. (Reprinted with permission 
from Saad WE, Lippert A, Saad NE. Ectopic varices: Anatomical classification, hemodynamic classification, and 
hemodynamic-based management. Tech Vasc Interv Radiol 2013;16(2):158–175.)
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Fig. 32.5  Type-1b ectopic varices due to portal vein thrombosis involving the confluence of the splenic and mesenteric veins. (a-c) Contrast-
enhanced axial CT images demonstrating varices in the gastric outlet (b,c; dashed white arrows) and first and second portion of the duodenum (solid 
white arrows and asterisk). It is caused by portal vein thrombosis. The varices exhibit partial thrombosis (a; dashed white arrows) and phleboliths 
(hollow white arrow). Contrast-enhanced CT coronal (d) and sagittal (e) reformats again demonstrating varices in the gastric outlet (dashed white 
arrow) and first and second portion of the duodenum (solid white arrows). Again noted are the partly thrombosed varices (hollow arrows). The portal 
vein is partly thrombosed (asterisk) within the liver. It is completely thrombosed outside the liver. Ao: abdominal aorta; St: stomach; IVC: inferior vena 
cava; K: kidneys; SMV: superior mesenteric vein. (Reprinted with permission from Saad WE, Lippert A, Saad NE. Ectopic varices: Anatomical classification, 
hemodynamic classification, and hemodynamic-based management. Tech Vasc Interv Radiol 2013;16(2):158–175.)

Fig. 32.6  (a) Delayed phase (portal venous phase) of a celiac angiogram demonstrating a patent splenic vein along the majority of its course 
(between black arrows). The splenic vein occludes abruptly (hollow black arrow) at its confluence with the mesenteric vein(s) (not visualized). The 
extrahepatic portal vein is completely occluded and is replaced by significant varices and portoportal collaterals (asterisks), which run outside the 
gastrointestinal tract as well as within the wall of the gastric outlet, and first and second parts of the duodenum. The portal vein reconstitutes at 
the hepatic hilum and continues into the liver (hollow white arrows). (b) Delayed phase (portal venous phase) of a superior mesenteric angiogram 
demonstrating a patent mesenteric vein along the majority of its course (between black arrows). The mesenteric vein occludes abruptly (hollow 
black arrow) at its confluence with the splenic vein (a). The extrahepatic portal vein is completely occluded and is replaced by significant varices and 
portoportal collaterals (asterisk), which reconstitute the portal vein intrahepatically (hollow white arrow). (c) Photograph of the same patient with 
a mini laparotomy over the duodenum demonstrating the periportal and duodenal varices (hollow arrows), which look like grapes. (Reprinted with 
permission from Saad WE, Lippert A, Saad NE. Ectopic varices: Anatomical classification, hemodynamic classification, and hemodynamic-based management. 
Tech Vasc Interv Radiol 2013;16(2):158–175.)
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varying degrees and etiologic possibilities with DVs, a classifica-
tion system proposed by Saad et al helps characterize, categorize, 
and triage the management of DVs (▶ Table 32.1; ▶ Table 32.2). 
Based on this classification system, a management protocol has 
been proposed that is directed toward addressing the primary 
cause of DVs. The nonocclusive type may be treated with portal 
decompression (with or without obliteration) using a TIPS. The 
occlusive type requires recanalization of the portal thrombosis or 
portosystemic decompression proximal to the occlusion. 
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Chapter 33: Management of Stomal Varices
Ravi N. Srinivasa, Jeffrey Forris Beecham Chick, and Wael E.A. Saad

Introduction
Portal hypertension is associated with the formation of varices 
in various locations, the most common being the esophagus and 
stomach. Varices, however, may also occur more distally within 
the gastrointestinal tract, including within the small bowel, colon, 
rectum, and in association with intestinal stomas; these are 
referred to as ectopic varices.

Stomal varices (also called parastomal varices) are extraperi-
toneal ectopic mesenteric vessels thought to arise secondary to 
portal hypertension and venous obstruction from surgical scar-
ring related to stomal creation.1 Stomal varices may also be seen, 
although less commonly, in association with mesenteric venous 
thrombosis.1 The presence of stomal varices may be associated 
with considerable bleeding, which, although rare, may be life threat-
ening. They are usually not life threatening because manual/  
digital compression is enough to stop the bleeding until medical 
attention is sought.1 This chapter will discuss the anatomy, clin-
ical presentation, classification, imaging findings, management, 
and outcomes of stomal varices.

Anatomy
Stomal varices may not be related to portal hypertension. The 
surgical creation of the intestinal stoma itself may result in focal 
adhesions or segmental scarring, causing constrictive effects on 

the adjacent venous vasculature and resulting in dilated varices.1 
The afferent feeding vessels of stomal varices are typically tribu-
taries (misnomer is branches) of the superior mesenteric vein that 
drain the bowel segment supplying the stoma.1 These branches 
exit the peritoneal cavity, take a sharp turn, and surface in the 
abdominal wall adjacent to the stoma.1 Nearly all stomal varices 
are associated with systemic venous drainage in the anterior 
abdominal wall; however, the degree of involvement is variable. 
In the majority of cases there is indirect systemic venous drain-
age via numerous small venous anastomoses in the subcutaneous 
tissues of the anterior abdominal wall. These efferent veins aggre-
gate and empty into the ipsilateral iliofemoral vein.1

Classification
Saad et al formulated a classification system for stomal varices 
(▶  Fig. 33.1).2 Most stomal varices may be classified as type-1a 
and type-2a. Chronic stomal varices may progress to type-3a with 
a portosystemic hemodynamic component. Type-1 stomal varices 
have no physical portosystemic collateral connection, type-2 
have a portosystemic connection with minimal flow, and type-3 
have a portosystemic connection with hemodynamic shunting 
(▶ Table 33.1).13 The “a” and “b” denote the presence of mesopor-
tal occlusion, the nonocclusive or occlusive type, respectively.13

A second classification system for stomal varices is based on the 
type of ostomy. The two most common types are bowel diverting 

Fig. 33.1  Classification of stomal varices. (a) 
Is a baseline-labeled anatomy image to help 
interpret the images of the classification system 
(b-d). (a) Demonstrates a representative portal 
or mesenteric vein branch (Port Circ) on the 
right and a representative systemic vein branch 
(Syst Circ) on the left of a cross section through 
a bowel loop which is a representative of the 
gastrointestinal tract or stomal bowel loop. Typical 
systemic veins are anterior abdominal wall veins 
(usually in subcutaneous tissue) that usually lead 
to the ipsilateral iliofemoral vein junction. In (a), 
the ‘‘ectopic varices’’ in this depicted instance are 
supplied and drained by portal collaterals (white 
arrows with black outline) as well as being drained by 
a portosystemic collateral. The efferent collateral 
drainage is portal and not systemic. Varices (ectopic 
varices) are seen in the wall of the bowel. (b-d) This 
is an overview of the classification system given 
in ▶ Table 33.1. In short, type-a is nonocclusive 
and is pressure driven. Type-a is usually with some 
element of portosystemic collaterals (type-a2 and 
type-a3) to decompress the higher portal pressure. 
Type-b varices are not shown because most stomal 
varices are not of the occlusive type. Most stomal 
varices fall in the type-1a and type-2a category. 
Chronic stomal varices may develop portosystemic 
collaterals to such an extent that they become 
categorized a type-3a. (continued)
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Table 33.1.  Hemodynamic Classification of Ectopic Varices 

Portoportal
Collaterals Only

Predominantly Portoportal Collaterals with
Minimal, if any, Portosystemic Shunting

Predominantly Portosystemic Collaterals  
with Significant Portosystemic Shunting

Nonocclusive type Type-1a Type-2a Type-3a

Occlusive type Type-1b Type-2b Type-3b

Reprinted with permission from Saad WE, Lippert A, Saad NE. Ectopic varices: anatomical classification, hemodynamic classification, and hemodynamic-based 
management. Tech Vasc Interv Radiol 2013;16(2):158–175.

Fig. 33.1  (Continued) (e,f) Sagittal-labeled anatomy images 
showing a patient with parastomal varices. Stomal varices 
are supplied by a mesenteric branch (afferent portal venous 
feeder), which typically has a sharp turn in its extrahepatic 
course. (e) Demonstrates type-2a or -3a stomal varices (having 
a degree of portosystemic collateral or shunt component). 
The efferent draining vein is depicted as connected to the 
iliofemoral venous junction. (f) Demonstrates type-1a 
parastomal varices (having negligible portosystemic collateral 
component). IFV: iliofemoral venous; PV: portal vein. 
(Reprinted with permission from Saad WE, Saad NE, Koizumi J.  
Stomal varices: management with decompression TIPS and 
transvenous obliteration or sclerosis. Tech Vasc Interv Radiol  
2013;16(2):176–184.)

ileostomy or colostomy. Urine diverting ileostomies may also be 
associated with stomal varices but much less commonly. In the-
ory, colostomies are less vascular and, therefore, sclerotherapy 
should be performed with more caution due to the increased sus-
ceptibility to ischemic complications.1

Stomal varices may also be classified based on their bleeding 
patterns, focal or diffuse.5 The focal-type is linked to the so called 
“venous spurt,” related to a localized tuft of ectopic varices. In 
the focal type, the stoma has relatively normal mucosa and the 
bleeding sites tend to respond to focal single digit compressive 
therapy prior to definitive treatment.1 The physical examination 
in patients with focal type bleeding stomal varices is critical. 
Localizing the portal or mesenteric venous feeder associated with 
bleeding is important as it directs percutaneous sclerotherapy. 
The diffuse type, on the other hand, is associated with conges-
tion and diffuse venous oozing. The diffuse-type is typically man-
aged with transjugular intrahepatic portosystemic shunt (TIPS) 
decompression.1 

Endoscopy and Imaging
Endoscopy is not typically utilized as a first-line diagnostic tool 
in the management of stomal varices because stomal varices are 
visible to the naked eye on physical examination. If varices are 

deeper within the stoma, however, endoscopic localization may 
be necessary. 

Preprocedural computed tomographic or magnetic resonance 
imaging is crucial for treatment planning to exclude portal venous 
or mesenteric venous thrombosis as the cause for the bleeding 
varices. In cases of mesoportal occlusion, attempts at recanali-
zation of the occluded vessels should be attempted first as TIPS 
with decompression is fruitless without a patent portomesenteric 
circulation. Thrombectomy may be performed via mechanical, or 
combination mechanical and pharmacologic, means. The phar-
macologic approach may be performed with trans-superior mes-
enteric arterial infusion of tissue plasminogen activator, which 
is preferred over direct stick percutaneous transhepatic portal 
access secondary to increased risks of bleeding.

Cross-sectional imaging is important for pretreatment plan-
ning in order to identify the systemic venous drainage pattern in 
the anterior abdominal wall and iliofemoral venous system.

Doppler and grayscale ultrasound are important in the treat-
ment algorithm. This is important as flow dynamics and direc-
tionality may be assessed.1 Ultrasound may be performed with 
the patient directing the operator to the site of bleeding and the 
operator may then identify the portal and systemic venous sides 
of the varices. In stomal varices associated with portal hyper-
tension, the mesenteric venous feeder leading into the stoma 

IRBK003-CH33_p304-314.indd   305 31/05/17   10:11 PM



306

Section IV: Percutaneous and Endovascular Management: Transvenous Obliteration

demonstrates hepatofugal flow (toward the stoma). The systemic 
venous end should be evaluated with grayscale ultrasound to 
assess its compressibility. This will help ascertain the site and 
degree of compression necessary during sclerotherapy to avoid 
non-target delivery of sclerosant to the systemic circulation.

Management
Various approaches have been described for the treatment of sto-
mal varices, including creation of surgical shunts or liver trans-
plantation.4–9 The most definitive treatment of stomal varices is 
reversal of the ostomy if it is medically and surgically feasible.1

There is currently no gold standard on the endovascular man-
agement of stomal varices. Endovascular management strategies 
include creation of TIPS, balloon-occluded retrograde trans-
venous obliteration (BRTO), and balloon-occluded antegrade 
transvenous obliteration (BATO).4,6,7 Patient-specific factors may 
dictate management. Patients with profound hepatic encepha-
lopathy, metastatic disease to the liver, portal venous thrombo-
sis, heart failure, or high model for end-stage liver disease scores 
may not be ideal candidates for TIPS creation,11 and in those cases 
direct portal puncture, or direct access to the mesenteric circula-
tion with BRTO, BATO,3 or direct stick percutaneous sclerotherapy 
approaches may be the best options.

TIPS Decompression
TIPS is the most commonly described method for decompress-
ing the portal circulation and reducing variceal bleeding.4,6,7,12 
TIPS, however, is not beneficial in the setting of portomesenteric 
venous thrombosis. The diffuse bleeding type of stomal varices is 
best managed with TIPS creation with or without venous oblite-
ration (▶ Fig. 33.2).

Stomal variceal bleeding may resolve quickly after the creation 
of a TIPS. TIPS without venous obliteration has a high rebleed 
rate, up to 21% to 37% in some case series.4,5,10,11 Due to the fra-
gility of stomal varices, coil embolization is not advised due to 
the potential erosion of the coils through the walls of the varices. 
Venous obliteration with sclerosants, such as sotradecol, is pre-
ferred. Coils, however, may be used to eliminate collateral vessels 
in order to create stasis within stomal varices and allow sclero-
therapy agents longer dwells. This is particularly helpful when 
a small occlusion balloon cannot be advanced to the site where 
venous obliteration is being performed.1 An alternative to coil-
ing collaterals may include the use of small quantities of N-butyl 
cyanoacrylate or Onyx to occlude collaterals and generate static 
flow.9 Due to their higher viscosity and controlled delivery, they 
may occlude flow in adjacent draining collaterals and generate 
static flow within stomal varices prior to delivery of sclerosant. 

Transvenous Obliteration
Transvenous obliteration may be performed as a stand-alone pro-
cedure or in combination with creation of a TIPS. As described, 
there are different approaches to transvenous obliteration of sto-
mal varices including: BRTO from a systemic venous approach, 
BATO from a portal venous approach, and direct stick percutane-
ous sclerotherapy with systemic venous compression.1 

A BRTO approach requires, at a minimum, type-2a varices but 
preferably type-3 ectopic stomal varices (▶ Fig. 33.3). Low-profile 
balloon occlusion catheters are not readily available in the United 
States and this approach generally requires use of coils sand-
wiched with sclerosant, which may be cumbersome.

The BATO approach to venous obliteration is another option 
that may be performed in conjunction with a TIPS, through an 
existing TIPS that has failed to relieve variceal bleeding, or via a 

Fig. 33.2  Management of stomal varices with transjugular intrahepatic portosystemic shunt (TIPS) decompression. This is a patient with a diffusely 
congested ileal stoma and diffuse venous bleeding. (a-c) Contrast-enhanced coronal magnetic resonance images demonstrating a right lower quadrant 
stoma (hollow arrow). A mesenteric venous tributary (solid arrows) is seen leading to the stoma and its enlarged mesenteric varices (hollow arrows). 
(continued)
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transhepatic portal approach (▶ Fig. 33.4; ▶ Fig. 33.5; ▶ Fig. 33.6). 
Small occlusion balloons may be used in this setting to keep the 
sclerosant from refluxing into the portomesenteric circulation. 
Alternately, portal pressure may keep the sclerosant in the stomal 
varices provided there is no significant systemic venous outflow.1

It is important when combining TIPS-decompression and 
transvenous sclerosis (obliteration) without balloon-occlusion to 
perform the sclerosis first and then the TIPS subsequently so that 
the portal pressure-head and resultant preferential flow into the 
varices is capitalized on. If the decompressive TIPS is performed 
first and is effective, the flow is reversed in the afferent limb and 
the sclerosant would not impregnate and dwell in the varices, 
rendering the sclerosis less effective. This principal applies to all 
varices, ectopic or otherwise.

In experienced hands, the direct-stick percutaneous sclerother-
apy approach is the least invasive and most reliable method for 
achieving venous obliteration of stomal varices (▶ Fig. 33.7; ▶ Fig. 
33.8; ▶ Fig. 33.9; ▶ Fig. 33.10; ▶ Fig. 33.11; ▶ Fig. 33.12; ▶ Fig. 
33.13).1,13 The direct-stick method is a form of antegrade trans-
venous obliteration. As mentioned previously, the focal bleeding 

type of varices is an optimal candidate for this procedure. In addi-
tion, the afferent feeder(s) ideally should be large and singular 
and not small and/or numerous. The likelihood of a technically 
successful direct-stick sclerosis in the setting of small and/or 
numerous afferent feeders is low. The mesenteric venous feeder 
is identified with the assistance of the patient and ultrasound. If 
flow is fluctuant or hepatopedal then other approaches to treat-
ment should be considered as regulated delivery of the sclero-
sant cannot be guaranteed. The systemic venous feeder should be 
identified and is typically inferior or inferomedial relative to the 
stoma.13 Identification of the systemic venous feeder may be facil-
itated by tracing it back from the iliofemoral venous system in the 
ipsilateral groin. An appropriate point where complete compres-
sion of the systemic venous feeder may be achieved should be 
found using grayscale ultrasound imaging and should be marked. 
The mesenteric venous feeder is accessed using a 21-gauge micro-
puncture needle directed toward the stoma. Over-the-wire the 
needle is exchanged for a micropuncture sheath (3 or 5 French) 
and venography is performed with and without systemic venous 
compression. Once flow dynamics confirm that the mesenteric 

Fig. 33.2  (Continued) (d) Composite image of a digitally subtracted portogram after TIPS 
access in the same patient as (a-c). There is hepatofugal flow, away from the liver and toward 
the engorged stoma (hollow arrow), via the mesenteric vein branch (solid arrow). (e-g) 
Sequential images of a digitally subtracted portogram (mesenteric venogram) demonstrating 
hepatofugal flow, away from the liver and toward the engorged stoma (hollow black arrow), 
via the mesenteric vein branch (solid arrow). There is systemic venous drainage (hollow 
white arrow) via portosystemic anastomoses in the stoma. (h) Digitally subtracted TIPS 
portogram demonstrating a patent transjugular intrahepatic portosystemic shunt (TIPS) with 
decompression of the mesenteric veins and stoma . The superior mesenteric vein that had 
hepatofugal flow away from the liver now has antegrade flow toward the liver via the main 
portal vein. PV: portal vein; RA: right atrium; SMV: superior mesenteric vein; SpV: splenic 
vein; TIPS: transjugular intrahepatic portosystemic shunt. (Reprinted with permission from Saad 
WE, Saad NE, Koizumi J. Stomal varices: management with decompression TIPS and transvenous 
obliteration or sclerosis. Tech Vasc Interv Radiol 2013;16(2):176–184.)
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Fig. 33.3  Management of stomal varices with transvenous obliteration via a “balloon-occluded retrograde transvenous obliteration (BRTO)” approach. 
This is a patient with focal variceal bleeding from an ileal stoma. (a-c) Contrast-enhanced axial tomography (CT) images demonstrating a right lower 
quadrant ileal stoma. A mesenteric venous tributary (hollow arrow) is seen leading to the stoma and its enlarged mesenteric varices. A prominent 
systemic venous draining vein (solid arrows) is seen in the subcutaneous tissue of the anterior abdominal wall. (d,e) Contrast-enhanced coronal CT 
reformats again demonstrating the right lower quadrant ileal stoma. The mesenteric venous tributary (hollow arrows) is again seen leading to the stoma 
and its enlarged mesenteric varices. The prominent systemic venous draining vein (solid arrows) is seen in the subcutaneous tissue of the anterior 
abdominal wall heading toward the ipsilateral (right-sided) groin to the right iliofemoral venous junction. (f) Retrograde transvenous venogram from 
the systemic venous side of the system (‘‘BRT approach’’) is seen demonstrating the systemic venous draining vein (solid white arrows) that ends 
(rather starts from a blood flow standpoint) at the iliostomy (hollow black arrow). Numerous systemic venous collaterals are also seen throughout 
the anterior abdominal wall. In general, these collaterals need to be coil embolized to achieve enough ‘‘trapping’’ to reflux obliterate up the systemic 
vein and into the stomal varices. (g,h) Two venograms taken near the end of the ‘‘BRTO approach’’ transvenous obliteration of the stomal varices. 
Microcoil embolization was used to occlude two systemic venous collaterals (solid black arrows). Foam sclerosant is instilled and refluxed back from the 
microcatheter (between solid white arrows) and into the parastomal varices (hollow black arrows). The foam sclerosant is formed from 1 part lipiodol, 
2 parts 1% sodium tetradecylsulfate, and 3 parts air. (h) Demonstrates a contrast column in the afferent portal (mesenteric) venous feeder with the 
microcatheter in the efferent systemic draining vein. (Reprinted with permission from Saad WE, Saad NE, Koizumi J. Stomal varices: management with 
decompression TIPS and transvenous obliteration or sclerosis. Tech Vasc Interv Radiol 2013;16(2):176–184.)

venous feeder has hepatofugal flow toward the stoma and that 
systemic venous compression may be adequately achieved, 1% 
STS sclerosant is injected through the micropuncture sheath. The 
sclerosant is mixed in a 1-2-3 ratio of 1 part lipiodol (Lipiodol 
UltraFluide, Guerbet, Cedex, France), 2 parts 1% sodium tetradecyl 
sulfate, and 3 parts air.1,13 After delivery of this mixture through 
the mesenteric venous feeder, systemic venous outflow compres-
sion is maintained for approximately 10 to 15 minutes to ensure 
adequate dwell of the sclerosant within the varices. It is preferable 

to use 1% STS over the more concentrated 3% STS, specifically in the 
setting of direct puncture of stomal varices, in order to minimize 
infarction to the adjacent healthy stomal mucosa.

Direct-stick percutaneous sclerotherapy may be performed in 
less than 30 minutes with minimal fluoroscopy time. The risks 
are low as it does not require transhepatic or TIPS access and it 
is a suitable option for patients who are not candidates for TIPS. 
Furthermore, it does not require delivery of a balloon to occlude 
the systemic vein, as this may be achieved with ultrasound 

(Text continued on page 314)
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Fig. 33.4  Management of stomal varices with transvenous obliteration via 
a “balloon-occluded antegrade transvenous obliteration” approach. This is 
a patient with focal bleeding from an ileal stoma. (a,b) Fused images of a 
portal or mesenteric venogram: a digitally subtracted portogram (a) and a 
conventional (unsubtracted) mesenteric venogram (b). The access has been 
achieved from a transhepatic approach (a; hollow black arrow) and the stoma 
shadow is seen between hollow white arrows in (b). (c-f) Sequential images 
from a digitally subtracted mesenteric venogram showing an engorged stoma 
with varices in the right lower abdominal quadrant (hollow black arrows). A 
systemic draining vein is seen (solid black arrows). PV: portal vein; SMV: superior 
mesenteric vein; SpV: splenic vein. (Reprinted with permission from Saad WE, 
Saad NE, Koizumi J. Stomal varices: management with decompression TIPS and 
transvenous obliteration or sclerosis. Tech Vasc Interv Radiol 2013;16(2):176–184.)

Fig. 33.5  (a,b) Selective venogram of the mesenteric vein (hollow white arrow) leading to the stomal varices. Foam sclerosant is instilled from the 
catheter from the pressurized portal venous side (from the afferent mesenteric feeding vein) and into the stomal varices (solid white arrow). The foam 
sclerosant is formed from 1 part lipiodol, 2 parts 1% sodium tetradecyl sulfate, and 3 parts air. The sclerosant foam is kept within the stomal varices 
by the portal pressure and by the abnormal hepatofugal flow in the mesenteric vein. This is why there is no need for balloon occlusion and that the 
presclerosant venogram (hollow white arrow) is essential to confirm the abnormal hepatofugal flow in the feeding mesenteric vein. (c) Selective venogram 
of the mesenteric vein (hollow black arrow) leading to the stomal varices after the foam sclerosant is instilled and has dwelled for 10 to 15 minutes. The 
venogram is from a 5-French catheter in the mesenteric branch leading to the ileostomy. There is sclerosis of the dilated varices (non-visualized) with 
residual normal-looking mesenteric venous tributaries (solid black arrows). (Reprinted with permission from Saad WE, Saad NE, Koizumi J. Stomal varices: 
management with decompression TIPS and transvenous obliteration or sclerosis. Tech Vasc Interv Radiol 2013;16(2):176–184.)
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Fig. 33.6  Global mesenteric venogram after the foam sclerosant is instilled 
and has dwelled for 10 to 15 minutes. The venogram is from a 5-French 
pigtail catheter in the main portal vein. There is sclerosis of the dilated 
varices (non-visualized) (hollow black arrow) with residual normal-looking 
mesenteric venous tributaries (hollow white arrow). Notice that the entire 
mesenteric venous system is visualized, which reflects a pressurized 
portal system (portal pressure exceeds 25 mm Hg in this patient) with 
continued hepatofugal flow. The transvenous obliteration has not resolved 
the underlying problem (high portal pressure), but has temporized and 
focused on the particular problem of bleeding stomal varices. A transjugular 
intrahepatic portosystemic shunt was not performed because the hepatic 
reserve was poor. The patient underwent a liver transplant within 8 weeks 
from the transvenous obliteration, which was considered a temporizing 
measure bridging to liver transplantation. (Reprinted with permission from 
Saad WE, Saad NE, Koizumi J. Stomal varices: management with decompression 
TIPS and transvenous obliteration or sclerosis. Tech Vasc Interv Radiol 2013; 
16(2):176–184.)

Fig. 33.7  Management of stomal varices with 
transvenous obliteration via a direct mesenteric 
venous puncture access with external pressure 
occlusion of the draining systemic vein. This is a 
patient with focal bleeding from an ileal stoma. The 
patient refused any procedure multiple times but 
continued to bleed. He finally accepted the most 
minimal of invasive procedures. (a) Sagittal anatomy 
illustration showing a patient with stomal varices. 
The varices are supplied by a mesenteric branch 
(afferent portal venous feeder), which typically has a 
sharp turn in its extrahepatic course. The illustration 
demonstrates type-2a or -3a stomal varices. The 
afferent portal venous feeder has a typical sharp 
turn in its extraperitoneal course (hollow arrow). 
The efferent draining vein is depicted as connected 
to the iliofemoral venous junction. (b) Sagittal 
anatomy illustration showing the direct mesenteric 
puncture technique with external systemic venous 
pressure (exerted by ultrasound transducer; hollow 
black arrow). As can be seen in the illustration, the 
sclerosant is confined in the afferent mesenteric or 
portal venous feeder and the stomal varices. The 
foam sclerosant is ‘‘trapped’’ between the ultrasound 
transducer compression (on the systemic venous 
side) and the portal pressure with the hepatofugal 
flow in the afferent mesenteric or portal venous 
feeder. IFV: iliofemoral venous; PV: portal vein; SMV: 
superior mesenteric vein; SpV: splenic vein. (Reprinted 
with permission from Saad WE, Saad NE, Koizumi J. 
Stomal varices: management with decompression TIPS 
and transvenous obliteration or sclerosis. Tech Vasc 
Interv Radiol 2013;16(2):176–178.)
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Fig. 33.8  (a,b) Two photographs demonstrating the layout, sterile preparation, draping, and ultrasound planning 
of the technique. An instrumental part of this layout and planning is based on Doppler and grayscale ultrasound 
examination. Doppler ultrasound evaluation was performed on the mesenteric venous branch contributing to the 
stomal varices. The exact location of the contributing mesenteric venous branch is predicted by preprocedural 
cross-sectional imaging as well as examining and asking the patient. The site of digital compression that stops 
the bleeding by the patient is almost always where the mesenteric branch approaches the stoma. The Doppler 
evaluation must identify that the mesenteric branch leading to the stoma is patent and shows hepatofugal flow 
(blood flow away from the liver and toward the stoma) in the presence of a patent main mesenteric and portal vein. 
If flow is not hepatofugal, then additional compression may be required over the mesenteric vein proximal to the 
percutaneous mesenteric venous access site. Doppler and grayscale ultrasound examination of the systemic venous 
outflow should also be performed with testing for sites of compressibility. If there are numerous systemic venous 
collaterals, the operators should start at the iliofemoral venous junction where most of these veins aggregate and 
become a single main compressible vein. As can be seen in the photographs, the mesenteric venous access site is 
marked (solid black arrow) and the systemic venous outflow compression site is marked (hollow black arrows) above 
and below the stoma (draped and depicted by the dashed arcs in a,b). The ideal mesenteric venous access site is its 
most superficial extraperitoneal segment before it branches into the stoma. (Reprinted with permission from Saad WE, 
Saad NE, Koizumi J. Stomal varices: management with decompression TIPS and transvenous obliteration or sclerosis. Tech 
Vasc Interv Radiol 2013;16(2):176–184.)

Fig. 33.9  (a,b) Two photographs 
demonstrating the mesenteric 
venous access, first with a 21-gauge 
micropuncture needle (solid black arrow). 
By the Seldinger technique, the 21-gauge 
needle is exchanged over the wire for a 
3-French inner sheath (b). The 3-French 
inner micropuncture sheath is usually 
enough for venography and subsequent 
sclerosant administration. Again noted 
is the planned ultrasound transducer 
compression site (hollow black arrows). 
(Reprinted with permission from Saad 
WE, Saad NE, Koizumi J. Stomal varices: 
management with decompression TIPS and 
transvenous obliteration or sclerosis. Tech 
Vasc Interv Radiol 2013;16(2):176–184.)
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Fig. 33.10  (a,b) Sequential images from a digitally subtracted mesenteric venogram after direct percutaneous access through a 3-French micropuncture 
sheath (hollow black arrows). Significant stomal varices (solid black arrow) with shunting and collateralization is seen with systemic venous branches that 
culminate and aggregate into a single draining systemic vein (dashed black arrow), which heads inferiorly to the vicinity of the iliofemoral venous junction 
(not shown). Contrast is then seen as emptying from the ipsilateral (right-sided) iliofemoral vein and into the inferior vena cava. This is stomal varices 
with significant portosystemic shunting (type-3a). The venogram is performed without exerting external compression by the ultrasound transducer. 
(Reprinted with permission from Saad WE, Saad NE, Koizumi J. Stomal varices: management with decompression TIPS and transvenous obliteration or sclerosis. 
Tech Vasc Interv Radiol 2013;16(2):176–184.)

Fig. 33.11  Digitally subtracted mesenteric venogram 
from the direct percutaneous access through a 
3-French micropuncture sheath with exerting 
external compression by the ultrasound transducer 
(compare with venogram in ▶ Fig. 33.10). The 
significant shunting and collateralization with the 
systemic venous branches is stopped (hollow black 
arrow). Shunting is no longer taking place (IVC not 
visualized) and the contrast is static in the stomal 
varices and is kept “trapped” and static in the  
stomal varices (between solid black arrows) by the 
forward portal pressure (Portal Pr) exerted by the 
hepatofugal flow in the contributing mesenteric 
venous branch. This is the ideal presclerosant 
diagnostic endpoint. At this point, the sclerosant 
foam should be instilled under the same conditions 
(exerting the same pressure on the same spot by the 
ultrasound transducer). (Reprinted with permission 
from Saad WE, Saad NE, Koizumi J. Stomal varices: 
management with decompression TIPS and transvenous 
obliteration or sclerosis. Tech Vasc Interv Radiol 2013; 
16(2):176–184.)
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Fig. 33.12  A photograph demonstrating sclerosant foam 
administration through the 3-French micropuncture sheath 
at the mesenteric venous access site (solid white arrow) 
while ultrasound transducer compression is held (asterisk). 
The foam sclerosant is formed from 1 part lipiodol, 2 parts 
1% sodium tetradecyl sulfate (can be diluted 3% sodium 
tetradecyl sulfate), and 3 parts air. The sclerosant foam is 
kept within the stomal varices by the portal pressure and 
by the abnormal hepatofugal flow in the mesenteric vein. 
This is why there is no need for balloon occlusion and that 
the presclerosant venogram is essential to confirm the 
abnormal hepatofugal flow in the feeding mesenteric vein. 
(Reprinted with permission from Saad WE, Saad NE, Koizumi 
J. Stomal varices: management with decompression TIPS and 
transvenous obliteration or sclerosis. Tech Vasc Interv Radiol 
2013;16(2):176–184.)

Fig. 33.13  Completion fluoroscopic spot image after the 
sclerosant administration showing the foam sclerosant 
(double contrast appearance) filling the afferent 
mesenteric venous branch (solid white arrow) and the 
stomal varices (between hollow white arrows) and sparing 
the systemic venous outflow (efferent systemic vein) 
that is not opacified (not shown). The sclerosant is kept 
“trapped” in place in the mesenteric afferent branch and 
the stoma by the portal pressure (Portal Pr) exerted by the 
hepatofugal flow in the portal circulation. At this point, 
the 3-French percutaneous sheath (solid black arrow) is 
removed and hemostasis is usually achieved easily because 
the sclerosant is in the access vein proximal and distal to 
the percutaneous access point (this position of sclerosant 
proximal and distal to the mesenteric venous access should 
be intentionally achieved; in other words, this should 
be a desired procedural endpoint). Dermabond (typical 
histoacryl) also helps obtain procedural hemostasis. 
(Reprinted with permission from Saad WE, Saad NE, Koizumi 
J. Stomal varices: management with decompression TIPS and 
transvenous obliteration or sclerosis. Tech Vasc Interv Radiol 
2013;16(2):176–184.)
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compression.1,13 This applies only to type-2 and type-3 stomal 
varices as type-1a do not have a systemic venous outflow.1 The 
key exclusion criteria for this approach are patients who have 
hepatopedal flow in the mesenteric venous feeder or those with 
diffuse bleeding-type varices; these patients may benefit from 
the other endovascular approaches described above.

Pabon-Ramos et al reported a case series of 8 patients under-
going sclerosis and embolization with an 88% technical success 
rate and a 42.8% rebleed rate in a series of 7 patients, 3 of which 
had rebleeding with the median time to rebleeding being 45 days. 
The remaining 4 patients did not have rebleeding during the fol-
low-up period, with a median bleeding-free interval of 131 days.11 
Saad et al published a case series in 2014 of four patients with ile-
ostomy-associated stomal varices who underwent venous oblite-
ration with 1% sodium tetradecyl sulfate (1% STS), one of whom 
had the diffuse type and required a BRTO approach, and three 
of whom had focal type and underwent antegrade approaches 
(one percutaneous transhepatic and two direct stick), all with 
complete remission of bleeding post-treatment ranging from  
8 to 33.9 months (mean 17 months). No complications in the 
form of necrosis or ulceration of the stomal mucosa occurred. 
Notably the transhepatic approach patient had intercostal pain 
post procedure lasting three weeks.13 

Conclusion
Stomal varices are uncommon but may be particularly bother-
some. Repeated bleeding episodes may not only be frustrating 
but also life threatening. Fortunately, there are a number of endo-
vascular treatments. While a gold standard therapeutic approach 
has not been identified, classifying the type of stomal varices 
is important in guiding its management algorithm. Generally 
speaking, those with focal bleeding type benefit from venous 
obliteration with or without TIPS, BRTO, and BATO, while those 
with diffuse bleeding type may benefit from TIPS decompression 
with or without sclerosis. In appropriately selected patients, how-
ever, contingent on the portomesenteric venous flow and sys-
temic venous flow dynamics, a direct stick venous approach with 
systemic venous outflow occlusion is perhaps the least invasive 
and most effective initial approach to treatment, reserving more 
invasive procedures as a second-line treatment.

Clinical Pearls
•	 Stomal or parastomal varices are types of ectopic varices.
•	 Stomal variceal bleeding can be diffuse (engorged oozing) or 

focal (localized as numbers on a clock).
•	 Stomal varices are more common in ilostomies than 

colostomies.
•	 Colostomies are more susceptible to ischemia and ischemic 

injury after sclerosis compared to ileostomies.
•	 There are types of stomal (parastomal) varices depending on 

the degree, of any, of portosystemic shunting and presence 

and absence of portal vein/mestentiric vein thrombosis. This 
hemodynamic classification system (Saad et al) applies for all 
ectopic and nonectopic varices.

•	 Due to the scaricity of stomal varices and the variations in 
types, techniques and reporting, there is no clear data as to the 
best approach to managing them.

•	 TIPS is the traditional management approach and is probably 
the best approach for diffuse bleeding if the patient is a TIPS 
candidate and is acceptant to its higher morbidity.

•	 Transvenous obliteration is the least invasive approach with 
the least morbidity and is showing promising initial longevity 
results with a rebleed rate of less than 10% at 6 to 12 months 
compared to TIPS, which has a rebleed rate at 6 to 12 months 
of 20% to 35%.

•	 The direct-stick technique seems to be the lest invasive, least 
expensive, and least time-consuming transvenous approach 
but is for selected cases with singular large afferent limbs and 
focal bleeding.
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patients with biliary cirrhosis, 

96t
prognostic value of, 97
TIPS outcomes and, 95–96

Child-Turcotte-Pugh (CTP) scores, 
17

cholangiocytes, bile ductiles, 3
cholesterol homeostasis, 3
ciprofloxacin

dosage, 60
in SPB prophylaxis, 60

cirrhosis
ascites and, 13f, 58–59

diagnosis of, 192
brain benzodiazepine receptors 

in, 81
causes of, 16t
classification of

macronodular pattern of, 4
micronodular pattern of, 4
mixed pattern of, 4

clinical stages of, 46t
common etiologies of, 4t, 10f
complications from, 10–15, 81

ascites, 10–13
varices, 10

decompensated
HVPG in, 46

definition of, 3–4
diagnostic lab tests for, 16t
epidemiology of, 4–6
hemodynamics of, 142

TIPS and, 144
hyponatremia in

management of, 58
imaging features of, 101f
laboratory examination in, 16, 

16t
morphological changes in, 100
physical examination in, 15–17
portal vein enlargement, 106f
radiographic evaluation, 16–17
recanalized umbilical vein in, 

22f, 28f
symptoms of, 15–17

coagulopathies
consumptive, 80
contraindication for BRTO, 255
prognosis in variceal bleeding,  

81
severe, 69
TIPS contraindication, 69

coaxial 21-gauge needles, 154
coaxial stents, technique, 160f
cobra-shaped catheters, 263–264, 

263f
coil embolization

collateral vessels, 306
phrenic vein, 278f
of phrenic vein, 278f
for shunt occlusion, 156
for variceal sclerotherapy, 156

Colapinto needle, 127
colonic varices

description of, 71
incidence of, 71

computed tomography (CT)
in cirrhosis, 16–17
cone-beam, 279
contrast-enhanced, 29–33, 29f
disadvantages of

incidental findings, 65
radiation exposure, 65

duodenal varices, 298
multidetector (MDCT), 29
in portal hypertension, 19f, 29
pre-TIPS anatomy

advantages of, 109t
disadvantages of, 109t

varices evaluated by, 64–65
cone-beam computed  

tomography, 279
congenital intrahepatic  

portosystemic shunts 
(IPSVS), 230–231, 230f

congestive heart failure
contraindications to TIPS  

procedure, 69
portal hypertension and, 52

conivaptan for hyponatremia, 58
conscious sedation

for TIPS, 113
for transjugular catheterization, 

44
constrictive pericarditis, PTH, 52
consumptive coagulopathy, 80
contrast-enhanced ultrasonography 

(CEUS), 27–28
coronary vein, see also left gastric 

vein
gastric variceal system and, 234

occlusion, devascularzation 
procedures, 82

portal vein and, 104
US imaging of, 27

cough, nonproductive, in HH, 60
creatinine levels, diuretic therapy 

and, 74
CXI Support Catheter, 135
cyanoacrylate injection, see also 

N-butyl cyanoacrylate 
(NBCA)

for ectopic varices, 66
for gastric varices, 69–70

cystic vein, right portal vein and, 
105

D
Denver Shunts

complication rates, 76
contraindications, 76
evaluation of, 79
large volume paracentesis and, 

74–80
placement procedure, 77–78, 79
valve, 78f

Dermabond, 69–70
devascularization procedures, 

82–83
Dextera TLAB Patel Set liver biopsy 

system, 211
diastolic function after TIPS, 144
digital subtraction CO2 portogram, 

42f
dilutional hyponatremia, ascites 

and, 13
“dimple sign,” 70f
DIPS, see direct intrahepatic  

portacaval shunts (DIPS)
direct intrahepatic portacaval 

shunts (DIPS)
coaxial sheath techniques, 141
extrahepatic puncture

control of, 136–139, 140, 140f
IVUS-guided, 130–141

equipment for femoral access, 
130

equipment for jugular access, 
130

equipment modifications, 
130–131

patency of, 139, 141
procedure for, 132–139

femoral venous access, 
132–133

guidewire upsizing, 134–136
IVUS placement, 132–133
manometry, 136
modified RUPS placement, 133
portography, 136
tract measurement, 136
transcaval puncture, 133–134
VIATORR stent graft  

placement, 136–139
disaccharides, synthetic, in HE, 57
disseminated intravascular  

coagulation (DIC)
clinical pearls, 80
PICD contraindication, 75

distal splenorenal (Warren) 
shunts

parts of, 86, 86f
diuretic therapy

in ascites management, 58, 74, 
192
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complications of, 192
contraindications, 74
hyponatremia in, 58
in refractory ascites, 96–97

dopamine in HRS therapy, 60
Doppler ultrasonography

hepatic artery flow, 143
probe placement, 143
in PVT and MVT diagnosis, 207
shunt evaluation, 79, 90
in the stent-graft era, 177–185
TIPS surveillance, 177–185

droperidol, sedation augmented 
with, 113

drug metabolism, liver in, 3
duodenal varices (DVs)

anatomy of, 297–298
classification of, 245f–246f, 299f
description of, 71, 297
endoscopy, 298
hemodynamic classification, 

297–298
imaging, 298
locations of, 298, 298t
locoregional pathologies, 298, 

298t
management of, 297–303

banding, 298
endovascular, 298
sclerotherapy, 298
supportive care, 298
surgical, 298

portal venous supply, 297
systemic venous routes, 289

DVs, see duodenal varices (DVs)
dyspneam in HH, 60

E
EchoTip Trochar needles, 131, 131f
ectopic varices

classification of, 206f–207f, 
245f–246f, 297f, 298t

overview, 299f–300f
description of, 71
locations of, 189
management of, 71

algorithm for, 300f
transvenous obliteration, 302
treatment of, 189–190

EkoSonic Endovascular System, 209
electrolyte disorders, 81
embolization, see also post- 

embolization syndrome; 
sclerosants

in children, 227
coil

collateral vessels, 306
phrenic vein, 278f
for shunt occlusion, 156
for variceal sclerotherapy, 156

partial splenic artery 
embolization

benefits, 220
combination therapy, 221
complications, 222
outcomes, 220–222

clinical, 220–221
hemodynamic results, 220

pediatric patients, 227–230
postprocedural angiography, 

223f
preprocedural angiography, 

223f
procedural aspects, 222

in transplant populations, 
221–222

splenic artery, 220–224, 227
“staged sclerosis,” 274
techniques in HE, 91
using Gelfoam, 220, 278f
using polyvinyl alcohol (PVA), 

220
variceal, 121, 121f, 190

for acute bleeding, 95
venous, for ectopic varices, 66
venous collaterals

GVS, 271–277, 272f–273f, 
273f–274f

empyema in hepatic hydrothorax, 
60

encephalopathy, see hepatic 
encephalopathy (HE)

end-hole catheters, HVPG  
measurement, 38–39

end-to-end anastomosis stapling, 
82f

endografts, see also VIATORR stent 
grafts

deployment of, 119–121, 121f
follow-up, 121f
hand-sewn, 170f
migration of, 122
patency outcomes of

in BCS, 172, 174
selection of, 122
VIATORR, 177

endoscopic sclerotherapy (EST)
actively bleeding EVs, 68
complications of, 68
contraindications, 66
for esophageal varices, 66
technique, 68

endoscopic variceal band ligation 
(EVL)

clinical studies, 94–95
complications, 94
for ectopic varices, 66, 71
for esophageal varices, 65–68

repeat sessions, 68
PSE and, 221
technical expertise required 

for, 94
technique, 67, 67f

endothelin-1 (ET-1)
paracrine effects of, 142
portal system, 145

endothelin receptor inhibitors,  
61

enteric varices in children, 227
epigastric varices, 240
epinephrine, after TIPS, 144
eplerenone for ascites management, 

58
epoprostol for PoPH, 61
erythrocytes, breakdown of, 2
Escherichia coli

ascites fluid infected by, 13
in SBP, 60

esophagastric devascularization, 
81

esophageal capsule endoscopy 
(ECE)

complications of, 65
varices evaluation by, 64

esophageal stents
in EV hemorrhage, 68

esophageal transection
end-to-end anastomosis  

stapling in, 82f

esophageal varices (EV), 64–69
actively bleeding, 68
BRTO with PSE, 221
cirrhosis and, 10
classification of, 12f, 55f, 66f
description of, 19
endoscopic ligation, 68
endoscopic sclerotherapy in, 68
hemorrhage, 81

management of, 68–69
mortality rate, 68

incidence, 64
PHT and, 52–55
primary prophylaxis, 65–66
risk stratification, 65–66
screening, 64–65
surgical decompression, 69
tortuous, 30f
uncontrolled bleeding

contraindication for BRTO, 255
variceal hemorrhage, TIPS for, 

68–69
esophagogastric varices, incidence 

of, 81
esophagogastroduodenoscopy 

(EGD), 64–65
esophagus, transgastric staple 

transection, 82
EST, see endoscopic sclerotherapy 

(EST)
ethanolamine oleate, 68, 270–271, 

274, 279–280, 298
ethylene vinyl alcohol coprimers, 

274
EV, see esophageal varices (EV)
EVL, see endoscopic variceal band 

ligation (EVL)
Express stentsm balloon- 

expanded, 161
extracellular matrix (ECM)  

maintenance, 2

F
factor V Liden mutation, thrombic 

diathesis in, 148t
fast spin-echo (FSE) images

liver parenchyma, 33
volumetrics, 33

fats, metabolism of, 3
fentanyl, dosage for sedation, 44
fibronolytic agent deposition, 209
FibroScan, 5
fibrosis, wound-healing and, 3
FibroTest, 5, 16
finger clubbing in cirrhosis, 16
Flexcore needles, 48
fluid status

cirrhosis and, 81
control of, 58–59

fluoroquinolones for SBP, 13
4 F CXI Support Catheters, 131
free hepatic venous pressure 

(FHVP)
hepatic venogram and, 40f
measurement of, 45
pressure tracing, 40f

fructose conversion to glucose, 3
Fukuda-Hirota hemodynamic 

classification
for gastric varices, 247, 249, 

251f–253f, 253
furosemide

for ascites management, 58, 
74, 192

dosage
in ascitic fluid management, 

96–97

G
galactose clearance, 142
gallbladder, location of, 101
gastric variceal system (GVS)

afferent portal venous feeders, 236f
afferent PV feeders, 234–240
anatomy of, 234–244, 236f
balloon-occlusion catheter, 

275f–276f
BORT balloon placement, 274f
central variceal part, 240
components of, 234f
efferent systemic venous  

drainage, 240
gastrorenal shunt, 240–241
occlusion “trapping,” 268–280

balloon manipulation, 
269–271, 271f

balloon positioning, 269–271
venous collateral  

embolization, 271–277
venous collateral obliteration, 

271–277, 272f–273f
pericardiophrenic vein, 241, 244
relationship of components, 239f
retroperitoneal veins, 244

gastric varices (GVs)
anatomy, 235f

CT scans, 237f–239f
relevant to BATO, 234–254

bleeding, 11f
clinical results, 189

BRTO obliteration
sclerosant-reagent reduction 

in, 273f–274f
BRTO variations

in management of, 282–291
BRTO with PSE, outcomes, 221
cirrhosis and, 10
classification of, 56f, 69, 69f, 

245f–246f, 300f
relevant to BATO, 234–254

description of, 19
endovacular obliteration  

techniques, 282–283
false, 236f
Fukuda-Hirota hemodynamic 

classification for, 247, 
249, 251f, 253f

gastric variceal system and, 234f
Hirota classifications, 247, 

247f–249f
illustration of, 57f, 70f
incidence, 64, 69
management of, 69–71
Matsumoto hemodynamic 

classification of, 249
PHT and, 52
portal circulation and, 11f
portal venography through TIPS, 

236f
prevalence in PHT, 56
Saad classification system, 250f, 

251f–253f
Saad management classification, 

240
sites of, 56f
systemic venous routes, 289
treatment of, 56
venous anatomy, 289f
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gastroduodenal varices
Saad variceal classification

management based on, 244
gastroepiploic veins,  

devascularzation, 82
gastroesophageal variceal plexus 

ligation, 82
gastroesophageal varices (GOV), 

69
bleeding from, 10
CT scan, 23f
embolization of, 165
imaging, 21f
transhunt catheterization, 91

gastrointestinal tract
bleeding, LVP and, 74
blood flow, 52
microflora alterations, 58

gastrointestinal varices
causes of, 64
PHN and, 64–73
PHT and, 52
treatment options, 64

gastrorenal shunt
anatomy of, 240–241
distal portion

anatomic variations, 
241f–243f, 244, 
260f–262f

anatomy of, 240f, 258f
venous outflow, 258f

venograms, 258f
gastrorenal shunts (GRSs)

anatomy, 235f
CT scans, 237f–239f

catheter selection, 259–268, 
259f, 262f–263f

catheterization of, 264f
in children, 227
gastric variceal system and, 234f
Simmons II shaped catheters, 

264f–265f
venogram, 264f

Gelfoam, 274–275
embolization using, 220, 278f

Glasgow Coma Scale (GCS), 15
Glidecath catheters, 211
Glidewire, 211
Glisson’s capsule

description of, 2
stretching of, 15

glomerular filtration rates, 12–13
glossitis in cirrhosis, 16
Glubran, 69–70
gluconeogenesis, 3
glues, see cyanoacrylate
glutamine accumulation, 15
glycogen storage, liver, 3
gonadal veins, DV drainage, 297
gradient echo images (GRE), 33–34
guidewires, 211
Guiding Launcher catheter, 45
gynecomastia, painful

spironolactone and, 74

H
H portacaval grafts

small-caliber prosthetic, 86, 87f
H-shunts, visualization of, 90
HA, see hepatic artery (HA)
HABR, see hepatic arterial buffer 

response (HABR)
Haemophilus influenzae vaccines, 

88, 220

HAPSV, see hepatic artery peak 
systolic velocity (HAPSV)

Haskal set, portal vein access, 113
HCC, see hepatocellular carcinoma 

(HCC)
heart failure, see congestive heart 

failure
Helix Clot Buster thrombectomy 

device, 212
heme, recycling of, 2
hemochromatosis, 4
hemoglobin, gastric mucosal, 

220–221
hemorrhage, complications from, 

81
hemorrhoidal varices, 81
Hepascores, components of, 16
hepatectomy, TIPS and, 199
hepatic arterial buffer response 

(HABR)
description of, 205, 207
hepatic perfusion and, 142

hepatic artery (HA)
blood flow, measurement of, 

143
course of, 2
obstruction of, 2
occlusion, 225
turbulent flow, 27f
velocity, US examination, 

181–182
hepatic artery peak systolic velocity 

(HAPSV), 143
hepatic artery resistive index after 

TIPS, 142–143
hepatic cysts, as contraindication, 

69
hepatic ducts, formation of, 3
hepatic encephalopathy (HE), 15t

after liver transplantation, 202
after VIATORR TIPS creation, 

171f
BRTO indications in, 255, 294
causes of, 57
congenital portosystemic shunts 

and, 231
decompressing PCSs and, 87
description of, 15
diuretic therapy and, 74
embolization techniques, 91
incidence of, 98
liver transplantation for, 58
management algorithm for, 58f
medical management of, 56–59
pediatric patients, 231
portocaval shunts and, 83
portosystemic shunt surgery 

and, 67–68
post-TIPS, 58

TIPS reduction for, 156–166
precipitants of, 15t
quality of life and, 76
stages of, 15t
TIPS and, 98

effects of covered stents on, 
177

risk of, 69, 122
trial outcomes, 195

West Haven criteria for grading 
of, 156t

hepatic fibrosis
definition of, 3
hepatic vein size and, 104
identification of, 16
T1 MRI imaging, 34–35

hepatic hydrothorax (HH)
cirrhotic ascites and, 195
definition of, 14
description of, 59–60, 195
hepatic vein stenosis and

recanalization, 150f
LVP for, 177
nonproductive cough in, 60
pediatric, 225
portal hypertension and, 298
refractory, TIPS in, 112
thoracocentesis for, 195–196
TIPS for, 195–196, 196f

clinical studies, 192–198
hepatic stellate cells, 142
hepatic vein waveforms (HVW), 

26–27
triphasic, 27f

hepatic veins
anatomy of, 102–104, 102f

normal, 103f
catheterization, 45, 45f

technique, 113–114
course of, 102
evaluation of, 26–27
flow, US examination, 182
flow reversal in, 142
IVC recanalization and

combined, 152, 152f
portal vein (PV) and, 115f

spatial relationships, 109
recanalization of, 148

complications of, 152–153
results of, 152–153
stenosis, 150f, 151f
strategies for, 148–149
techniques, 149–152
transhepatic approach, 149, 152
transhepatic-transvenous 

approach, 152
transvenous approach, 149

shunt stenosis and, 167
“spider web” appearance, 104f
thrombosis of

BCS and, 148
TIP problems, 124
variant anatomy, 104

hepatic venogram, 40f
for hepatic vein patency, 45

hepatic venous pressure gradients 
(HVPG)

beta-blockers and, 55
catheters for

end hole vs. balloon, 38–39
PHT significance and, 94

hepatitis, acute
PTH and, 52

hepatitis B virus (HBV)
epidemiology of, 5
liver cirrhosis and, 4

hepatitis C virus (HCV)
cirrhosis and, 23f, 26f
Doppler ultrasound, 26f, 27f
epidemiology of, 5
liver cirrhosis and, 4

hepatocellular carcinoma (HCC)
HVPG in, 46
imaging, 88
portal vein occlusion in, 2

hepatocellular dysfunction
anesthetic clearance and, 81

hepatocytes, lobule center, 3
hepatofugal flow, 24f, 178
hepatoma, as contraindications to 

TIPS, 69

hepatopedal flow, definition of, 
178

hepatopulmonary shunts, 231
hepatopulmonary syndrome 

(HPS)
causes of, 14–15
pediatric patients, 231
portopulmonary hypertension 

and, 14–15
hepatorenal syndrome (HRS)

ascites and, 177
description of, 14, 144
development of, 74
diagnosis of, 60, 61, 61t
HVPG and, 46
quality of life and, 76
renal replacement therapy, 60
systemic hemodynamic changes 

and, 144–146
triple therapy of, 60
types of, 14, 60

hepatotrophic theory, 83
Hi-wire, 211
Hirota balloon-occluded  

retrograde venography  
classifications, 247, 
247f–249f

Histoacryl, 69–70
hockey-stock catheters, 90
hydrochlorothiazide, 58
hypersplenism

in pediatric patients, 87, 227
PSE for, 220
splenic embolization for, 227
thalassemia and, 220
thrombocytopenia and, 81

hypoglycemia, liver failure and, 3
hyponatremia

in cirrhosis, 58
diuretic therapy and, 74

hypoxia in hepatic hydrothorax, 
60

I
iCAST PTFE-covered reducing 

stents, 158, 227
iCAST stent grafts, 157, 158f
ileostomies, urine diverting, 305
iloprost for PoPH, 61
IMV, see inferior mesenteric vein 

(IMV)
Indermil, 69–70

injection technique, 70
infants, see also pediatric patients

dehydration and
splenic thrombosis in, 225

endoscopic therapy for PHT, 
87–88

PHT in, 87–88
splenic thrombosis in

dehydration and, 225
infections

ascitic fluid, 13
hepatocellular function and, 57
large volume paracentesis and, 

74
systemic, 69

contraindications to TIPS 
procedure, 69

urinary tract, 57
inferior mesenteric vein (IMV)

catheterization of, 229f
flow reversal, 110f
portal vein and, 104
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inferior vena cava
occlusion of, 105f

inferior vena cava (IVC)
anatomy of, 115f
gauge needle into, 216f
guidewire snared into, 217f
hepatic vein recanalization and

combined, 152, 152f
IVUS-guided puncture, 134f
pressure between PV and, 6
pressures, 6
recanalization technique, 149
shunt catheterization through, 

90–91
suprahepatic

evaluation of, 26–27
suprarenal, size of, 265f
VIATORR stent graft  

deployment, 218f
informed consent, 75
international normalized ratios, 

294
intrahepatic portacaval shunts

IVUS-guided direct, 130–141
intrahepatic shunts, imaging, 29
intraperitoneal convolutions, 234f
intraperitoneal venous sacs, 234f
IPSVS, see congenital intrahepatic 

portosystemic shunts 
(IPSVS)

J
jaundice in cirrhosis, 16
jejuneal varices, pediatric, 229f
Jostent covered stent, 158f
jugular vein access, 113

micropuncture, 113
ultrasonic guidance, 113

K
kidney

anatomy of, 100
blood flow, 144–145
effects of TIPS on, 97, 98

Kiyosue classification
for afferent inflow, 247, 250f
of systemic venous drainage, 

268f–269f
Klebsiella spp.

ascites fluid infected by, 13
K. pneumoniae

in SBP, 60
Kupffer cell function, 2, 3

L
lactitol, in hepatic encephalopathy, 

57
lactulose, 57
laparotomy, emergent, 82
large volume paracentesis (LVP)

abdominal wall bleeding and,  
74

for ascites management, 74, 88, 
192–193

clinical pearls, 79–80
complications, 74, 75t
contraindications, 75t
for hepatorenal syndrome, 177
history of, 74
for hydrothorax, 177
indications, 75t

pre-procedure
lab tests, 75t
patient management, 75t

procedure, 75–76
puncture sites, 76, 76f
in refractory ascites, 96–97
TIPS versus, RCTs of, 194–195, 

194t
lasso technique, 163f

stent reduction, 162
results, 162–164

Launcher catheter, 45f
left adrenal vein, anatomy of, 244f
left gastric vein

diltaed, 110f
left gastric vein (LGV), see also 

coronary vein
anatomy of, 234, 239
collaterals, 21f
CT scan, 21f
gastric variceal system and, 234, 

234f
left hepatic vein, anatomy, 

103–104, 103f
left portal vein

anatomy of, 105
segments of, 105

left subclavian vein, 241
left ventricular hypertrophy, 144
leukemia, post-treatment,  

pediatric, 225
LeVeen shunts

for ascites fluid, 76–77
large volume paracentesis and, 

74–80
lipiodol, 276f, 293
lipoproteins, production of, 3
liquifactive infarction, pediatric, 

227–228
liver, see also cirrhosis

anatomic position of, 100f
anatomy of, 2–3, 2f, 115f

TIPS and, 100–102
blood supply, 52
caudate lobe

drainage, 104
fascial covering, 101
hypertrophy, 100

chronic disease of
deaths due to, 2

cirrhotic
portal vein enlargement, 106f

computed tomography, 113f
Coulnaud segments, 102f
function of, 2–3

decompensated, 53
effects of TIPS on, 97, 98
synthetic, 221

hemodynamic evaluation of, 
44–49

complications of, 46
free hepatic venous pressure, 

45
hepatic vein catheterization, 

44–46
hepatic venogram, 45
material required for, 44
patient monitoring, 44
preprocedure preparation, 44
pressure tracings, 45
technique, 44–46
transducer calibration, 45
venous access, 44–45
wedged hepatic venous  

pressure (WHVP), 45–46

histology of, 102f
imaging, 178
left lobe atrophy, 100
morphology of

TIPS and, 100–102
noncirrhotic

portovenogram, 106f
parenchyma, 101–102

microvascular bed of, 102f
TIP problems, 124

perfusion data, 29
PTH classification, 2–3
right lobe atrophy, 100
segments of, 2, 2f
shrunken, 104
stiffness, 35f
vascular anatomy, 32, 32f
volume-rendered display, 100f
volumetrics, 32–33, 33f
zones

histology of, 102f
liver biopsies

aspirate, 47
costs of, 16

liver cirrhosis, see cirrhosis
liver disease

decompensated, 74
diagnostic ultrasonography, 

22–29
pediatric patients, 225
post chemotherapy, 225
severity scoring systems, 17

liver failure
acute-on-chronic (ACLF), 14
decompressing PCSs and, 87
fulminant, 154f
hypoglycemia and, 3
risk of portocaval shunts, 83
TIPS and risk of, 69
TIPS complications and, 122

liver fibrosis, 4
liver transplantation

candidates for, 199
in end-stage liver disease, 60
graft anastomoses

portal vein thrombosis and, 
199

for hepatic encephalopathy, 58
left lateral segment, 228f
left lobe grafts, 201
for liver cirrhosis, 4
orthotopic, candidates for, 199
pediatric, 227, 228f
PSE in populations with, 221–222
right lobe

adult split, 202
living donors, 199

split grafts, 201
TIPS as prelude to

benefits of, 199–200
TIPS in recipients of, 200–202

ascites as indication for, 200
patient indications, 200–202
piggyback anastomosis in, 

200–201
technical aspects of, 200

LVP, see large volume paracentesis 
(LVP)

M
magnetic resonance elastography, 

35–36, 35f
magnetic resonance imaging (MRI)

in cirrhosis, 16–17

duodenal varices, 298
phase-contrast, 34
portal hypertension and, 33
portal vein, 106f
pre-TIPS anatomy

advantages of, 109t
disadvantages of, 109t

T1 mapping, 34–35
magnetic resonance venography 

(MRV), 33–34
manometry, DIPS procedure, 136f
matrix metalloproteinases,  

fibrinogenesis and, 3
Matsumoto hemodynamic  

classification, 249
mean arterial pressure (MAP) 

after TIPS, 144
MELD, see model for end-stage 

liver disease (MELD) 
scores

MELD-Na scores
patient selection and, 96–97
prognostic value of, 96–97, 98

Memotherm reducing stents, 164
meningococcal vaccines, 220
mesenteric varices

classification of, 245f–246f, 
299f

Saad variceal classification, 244
mesenteric vein

access, 311f
sclerotherapy, 309f, 310f
venogram of, 309f, 312f

mesenteric vein thrombosis 
(MVT)

acute, presentation of, 205–208
chronic, presentation of, 207
classification of, 205
clinical consequences of, 

207–208
clot dissolution, 211–212
development of, 205
diagnosis of, 207
direct thrombectomy, 209, 

210–211
clinical studies, 212

epidemiology of, 205
indirect thrombolysis via SMA, 

209
clinical studies, 212–213
complications, 213

interventional radiologic 
approaches, 208

management in nontransplanted 
patients, 205–215

medical therapies, 208
surgical therapies, 208
thrombolysis, 210–211

clinical studies, 212
mesenteric vessels

vasoconstrictor effect on, 110
mesocaval interposition grafts,  

87
mesocaval shunts

for ascites management, 88
description of, 85
exclusively transvenous 

approach, 218–219
outcomes, 219

clinical, 219
hemodynamic results, 219

percutaneous, 216–219
METAVIR scoring system, 46
metolazone for ascites  

management, 58
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metronidazole, 57–58
microcatheters, 280f
Micropuncture Introducer Set, 211
micropuncture sheath

sclerosant administration,  
313f

midazolam for conscious sedation, 
44

middle hepatic vein anatomy, 103, 
103f

midodrine
hemodynamic function and,  

145
in HRS therapy, 60

Minnesota tubes, 68
model for end-stage liver disease 

(MELD) scores
components of, 98
Denver shunts in, 76
development of, 294
patient selection and, 96
prognostic value of, 97
TIPS complications and, 122
TIPS outcomes and, 145

muscle wasting, ascites and, 13
MVT, see mesenteric vein  

thrombosis (MVT)
myeloproliferative disorders

cavogram, 149f
combined IVC/HV  

recanalization in
T stenting, 153f

thrombic diathesis in, 148t
myocardial ischemia, coronary 

vasoconstriction and, 82
myocardial thickening after TIPS, 

144
myofibroblasts

extracellular matrix and, 3
stents and, 167–168

N
N-butyl cyanoacrylate (NBCA), 

220, 221, 274
nails, discoloration of, 16
needle biopsy, liver transjugular, 

47
Neisseria meningitidis vaccines,  

88
neomycin, arterial ammonia and, 

57–58
“nipple signs,” 65, 70f
nitinol stents, fabric-covered,  

169
nitrates, arterial pressure and, 53
nitric oxide

hepatic production of, 146
inhaled, for PoPH, 61
release on PHT, 14

nitroglycerin, mortality rates 
and, 56

nitrous oxide, effects of, 142
nodular regenerative hyperplasia

portal hypertension and, 52
non-alcoholic liver disease (NALD)

epidemiology of, 6
identification of, 16
VIATORR TIPS creation, 169f

norepinephrine in HRS therapy,  
60

norfloxacin
dosage, 60
in SPB prophylaxis, 60
in variceal bleeding, 56

O
occlusion balloon catheters, 

39–40, 39f
collateral vein bypassing, 276f–277f
wedging of, 41f

octreotide
hemodynamic function and, 

145
in HRS therapy, 60
portal pressures and, 82
for SBP prophylaxis, 68
splanchnic vasoconstriction 

and, 56
variceal bleeding mortality rates 

and, 56
ofloxacin

dosage, 60
for SBP, 60
in SPB prophylaxis, 60

olive oil, polymerization slowed 
by, 70

oral contraceptives, thrombic 
diathesis and, 148t

Organ System Failure (OSF) in liver 
disease, 17

orthotopic liver transplantation 
(OLT)

for chronic Budd-Chiari  
syndrome, 87

for end-stage liver disease, 5
for hepatopulmonary syndrome, 

15

P
palmar erythema in cirrhosis, 16
Palmaz Genesis balloon-expanded 

stent, 161
Palmaz stents, 112
pancreatitis after PSE, 222
pancytopenia

in children, 227
splenic embolization for, 227

paracentesis
large-volume, 59, 74–80
lower right quadrant, 78f

paracentesis-induced circulatory 
dysfunction (PICD)

characteristics of, 74–75
clinical pearls, 80
prevention of, 75

paraesophageal varices
CT scan, 21f
description of, 19

parallel stents
to reduce a TIPS, 161

results, 161–162
parastromal varices, 304
paraumbilical varices

description of, 19
MRI of, 33f
recanalization, 33f

paraumbilical vein
catheter advanced to, 126f
portal system access via, 126
recanalized, 101f

paromomycin, 57–58
paroxysmal nocturnal  

hemoglobinuria, 148t
partial portosystemic shunts, 

86–87
partial splenic artery embolization 

(PSE)
benefits, 220

combination therapy, 221
complications, 222
outcomes, 220–222

clinical, 220–221
hemodynamic results, 220

pediatric patients, 227–230
postprocedural angiography, 

223f
preprocedural angiography, 

223f
procedural aspects, 222
in transplant populations, 

221–222
pediatric patients, see also infants

dehydration in, 225
hypersplenism from thalassemia, 

220
PHT in, endoscopic therapy for, 

87–88
portal interventions, 225–231
procedural risks in, 225
splenic thrombosis in, 225
TIPS and endografts, 172, 174

peraumbilical vein recanalization, 
27

percutaneous mesocaval shunts, 
216–219

contraindications, 216
indications, 216
technique, 216
transabdominal and transvenous 

approach, 216–218
percutaneous transhepatic  

obliteration (PTO)
gastric variceal debranching 

and, 288f
procedure, 284–289, 284f, 285f

pericardiophrenic vein, 241, 244, 
244f, see also phrenic vein

perisplenic varices, 22
peritoneal drain, saline introduction, 

79f
peritoneovenous shunts (PVS)

for ascites, 74, 192–193
clinical pearls, 80
contraindications, 76, 77t
description of, 76–78
evaluation of, 79
indications, 77t
placement procedure, 77–78
preprocedure patient  

management, 77t
preprocedure testing, 77t
repair of, 79

phase-contrast imaging, 33–34,  
35f

phosphodiesterase-5 inhibitors for 
PoPH, 61

phrenic vein, 241, see also  
pericardiophrenic vein

coil embolization of, 278f
PHS, see hepatopulmonary  

syndrome (HPS)
PHT, see portal hypertension (PHT)
PICD, see paracentesis-induced 

circulatory dysfunction 
(PICD)

Pinnacle sheath, 211
plasma expanders, prevention of 

PICD, 75
platelet counts, PSE outcomes 

and, 221
pleural effusion, ascites and, 13
pleuritis, bacterial

in hepatic hydrothorax, 60

pleurodesis, 177
video-assisted thoracoscopic 

surgery
pleural space obliteration 

using, 196
reexpansion pulmonary 

edema and, 197f
pneumococcal vaccines, 88, 220
pneumococci in SBP, 60
pneumonia

after PSE, 222
hepatocellular function and, 57

polidocanol, 298
polycystic liver disease, 124
polyvinyl alcohol (PVA), 220
PoPH, see portopulmonary  

hypertension (PoPH)
porta pressures, calculation of, 7
portacaval shunts (PCSs)

end-to-side, 84f, 85
side-to-side, 84f, 85

portal cholangiopathy,  
consequences of, 208

portal circulation
anatomy of, 3f, 11f, 53f, 65f
noncirrhotic, causes of, 53t
resistance to, 142

portal decompressive shunt  
surgery, 83–87

portal hypertension (PHT)
ascites and, 13f
causes of, 52
classification of, 2–3, 7, 19
clinical pathology, 52
clinical presentation of, 10–18
clinical stages of, 46t
complications from, 10–15, 81

medical management of,  
52–63

definition of, 6–7, 81
Doppler ultrasound images, 26f
with esophageal varices

patients without bleeding, 94
extrahepatic postsinusoidal, 

6t, 19
hemodynamics of, 142
intrahepatic causes of, 7
left-sided, 225
morphologic changes in, 110
noncirrhotic, 6t

causes of, 64t
noninvasive imaging, 19–37
pediatric patients

spontaneous splenorenal 
shunts in, 227

portosystemic collateral  
circulation and, 20f, 110

postembolization angiography, 
223f

posthepatic causes of, 7
postsinusoidal, causes of, 52
preembolization angiography, 

223f
prehepatic causes of, 7
presinusoidal, 6t, 19

causes of, 52
sinusoidal, 6t, 19
surgical management of, 81–89
ultrasonography

clinical applications, 28t
hemodynamic parameters, 

28t
venous pathways, 19–22
without esophageal varices

patient management, 94
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portal pressures
BRTO and, 71
indirect measurement of, 38–43

prognostic implications of, 40
use of, 40

portal system evaluation, 119
portal thrombosis, CT imaging, 31f
portal vein (PV)

access
complications, 122f
fluoroscopy, 114f
under IV ultrasound control, 

115f
procedure, 116f–118f

anastomotic narrowing, 225
anatomic variants, 107, 107f
anatomy of, 102f, 104–105
aneurysms, 32
bifurcation of, 104, 113f
blood flow velocity in, 24–25
cavernous transformation, 108, 

108f
in cirrhosis, 25f
coronal plane, 124f
course of, 2
CT imaging, normal variations, 

30f
dilated, 30f
Doppler ultrasound image, 24f
echogenic material in, 25f
enlargement in cirrhosis, 106f
extrahepatic thrombosis, 87–88, 

88f
flow direction, 181
flow velocity, 181
guidewire in, 122f
helical flow, 184f
hepatic veins and, 115f

pathophysiologic variants, 
109

spatial relationships, 109
imaging, 21f
magnetic resonance imaging, 

106f
obstruction of, 2
occlusive thrombosis

portomesogram, 109f
patency, 33f, 125
pathophysiologic variants, 

107–108
peak velocity, 182–184
pressures between IVC and, 6
puncture, 135f
recanalization of, 209

for chronic occlusion, 211, 
213

clinical studies, 213
pediatric patients, 227
therapeutic approaches, 213

reversed flow in, 107
spatial anatomy of, 106f
stenosis, pediatric, 228f
thrombosis, 31f, 32f, 107, 127, 

128f
contraindications to TIPS 

procedure, 69
nonocclusive, 108f

thrombosis, liver transplantation 
and, 199

TIP problems, 125–127
varices and, 32
varix, 32f
volume-rendered display, 100f

portal vein (VT)
velocity, 208

portal vein access sets, 113
portal vein thrombosis (PVT)

acute, presentation, 205–208
after PSE, 222
BRTO and, 293
characteristics of, 205
classification of, 205
clinical consequences of, 

207–208
clot dissolution, outcomes, 

211–212
clot removal

contraindications, 209–210
indications, 209
preprocedural patient care, 

210
procedure technique, 210

contraindication for BRTO, 255
diagnosis of, 207
direct thrombectomy, 209, 

210–211
clinical studies, 212

ectopic varices and, 302f
epidemiology of, 205
hemodynamic classification, 

205t
indirect thrombolysis via SMA, 

209
clinical studies, 212–213
complications, 213

interventional radiologic 
approaches, 208

management in  
nontransplanted patients, 
205–215

medical therapies, 208
pediatric, incidence of, 227
surgical therapies, 208
thrombolysis, 210–211

clinical studies, 212
portal venography

pressure measurements, 119
through TIPS

gastric varices, 236f
via catheter, 126f

portal venous anatomy, 29f
portal venous pressures, 81
portasystemic shunts (PCSs), total, 

83–85
porto-portal varices, classification, 

299f
portocaval shunts (PCSs)

end-to-end, 83
end-to-side, 85f
partial, 83
side-to-side, 82, 83

portography
completion, 139f
with contrast, 119f
DIPS procedure, 136f
follow-up to endothesis  

deployment, 121f
indirect, 90
patent portal vein, 228f
post-stenting, 228f
VIATORR stent graft, 139f

portomesenteric venous thrombosis, 
306–307

portomesogram
portal vein thrombosis, 109f

portopulmonary hypertension 
(PoPH)

definition of, 14
description of, 61
development of, 61

hepatopulmonary syndrome 
and, 14–15

portosystemic anastomoses, 20f
portosystemic collateral circulation, 

20f, 298
portosystemic encephalopathy (PSE)

medical management, 56–59
score calculation, 15

portosystemic shunts (PSS)
CT imaging, 29–30
frequency in PHT, 30t
mortality rates, 67–68
partial, description of, 86–87
percutaneous management of, 

90–92
PHT and, 52, 67–68
PSE with, 221
recanalization of, 90
surgically-placed, 90–92

post-balloon retrograde transvenous 
obliteration (BRTO), 57f

post-embolization syndrome
after PSE, 222
characteristics of, 222
pediatric patients, 227–228

posterior gastric vein (PGVs)
anatomy of, 238f, 239
gastric variceal system and, 234, 

234f
postpartum status, thrombic 

diathesis in, 148t
potassium deficiency, total body, 81
potassium disturbances, diuretic 

therapy and, 74
prebiotics, GI microflora and, 58
pregnancy, thrombic diathesis 

in, 148t
primary sclerosing cholangitis, 52
probiotics, GI microflora and, 58
prostanoids for PoPH, 61
protein C deficiency, 148t
protein S deficiency, 148t
prothrombin gene mutation, 148t
PSE, see partial splenic artery 

embolization (PSE)
pseudothrombosis, portal vein,  

178f
“puddle sign,” 74
Pullback Fogarty Embolectomy 

Thrombetion, 208
pullback reinforced straight-sheath 

(PRESS) technique, 
266–267, 267f–268f

pulmonary arteries, lower lobe, 230f
pulmonary edema, reexpansion 

type, 197f
pulmonary hypertension, severe, 

69
pulmonary vascular resistance 

after TIPS, 144
purse-string sutures

TIPS reduction technique  
modified by, 158–161, 159f

results, 159–161
PVS, see peritoneovenous shunts 

(PVS)
PVT, see portal vein thrombosis 

(PVT)

Q
Quick-Core needles, 48
quinolones

in SBP prophylaxis, 60
in variceal bleeding, 56

R
RAAS, see renin-angiotensin- 

aldosterone system (RAAS)
recombinant factor VIIa (rFVIIa), 

56
recombinant tissue plasminogen 

activator (TPA), 209
rectal varices

description of, 22
in PHT patients, 10, 52

renal failure, LVP and, 74
renal function, TIPS and, 145
renal veins

gastric variceal system and,  
234f

thrombosis, BRTO and, 293
Renegade Hi-flo catheter, 211
renin-angiotensin-aldosterone 

system (RAAS)
activation of, 142, 144

in arterial hypovolemia, 74
respiratory alkalosis, cirrhosis 

and, 81
retrograde flow, definition of, 178
retroperitoneal varices, 22
retroperitoneal veins

anatomy of, 244
Gelfoam embolization, 278f

Rex shunt, 87–88
rifaximin, arterial ammonia and, 

57–58
right hepatic vein anatomy, 102, 

103f
right portal vein anatomy, 105
right ventricular systolic pressure 

(RVSP)
elevated in PoPH, 14

Ring set, portal vein access, 113
Rösch-Uchida set (RUPS)

liver access, 150f
modification of, 130–131, 131f
placement, 133, 134f, 137f
portal vein access, 113
positioning, 133f, 218
RUPS-100, 154
in TIPS, 225

Rosen wire, 266–267, 267f–268f

S
Saad gastroduodenal and  

mesenteric variceal 
classification, 247, 250, 
251f–253f

management based on, 244, 
245f–246f

SAAG, see serum-ascites albumin 
gradient (SAAG)

saline, prevention of PICD, 75
Sangstaken-Blakemore BT devices, 

68
Sarin’s classification

gastric varices, 56f, 69, 69f
sclerosants

administration, 280f, 313f
in BORT obliteration, 273t
for duodenal varices, 298
dwell time, 279–280
for endoscopic sclerotherapy,  

68
injection of, 276f
mixtures, 274–275
reduction strategies, 273t
“staged sclerosis,” 274
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sclerotherapy
direct stick percutaneous, 307
pediatric variceal bleeding, 225, 

226f, 229f
for vericeal bleeding, 81, 94

sedatives, contraindications, 81
self-expandable metal stents (SEMS)

for acute EV bleeding, 68
placement of, 68

Sengstaken-Blakemore occlusion 
balloons, 225

sepsis after PSE, 222
Sequential Organ Failure  

Assessment (SOFA), 17
serum-ascites albumin gradient 

(SAAG), 14, 14t, 76
SFSS, see small-for-size syndrome 

(SFSS)
Shetty catheters, 45
short gastric vein

dilated, 110f
short gastric veins (SGVs)

devascularzation procedures 
and, 82

gastric variceal system and, 234, 
234f

shunts
catheterization via IVC, 90–91
clotted, thrombolysis, 91
dysfunctional

follow-up, 91
treatment of, 91

malfunction, types of, 90
occlusion of, 156
patency of, 90
stenosis, inhibition of, 168
strictured, stenting of, 91

sildenafil for PoPH, 61
SIM 1 catheter, 211
simethicone, 70
Simmens Acuson AcuNav 8- to 

10-Fr catheter, 114
Simmons-1 Cobra catheter, 45
Simmons catheters, 90
Simmons II shaped balloon catheter, 

263, 263f, 264f–266f
sinusoidal obstruction syndrome, 

see also veno-occlusive 
disease

post liver transplant, 202
TIPS for, 202

sitaxentan for PoPH, 61
small bowel varices, 71

description of, 71
prevalence of, 71

small-for-size syndrome (SFSS), 202
SMV, see superior mesenteric 

veins (SMVs)
snares, use of, 217
sodium

excessive accumulation of, 10, 
12–13

restriction
in ascites management, 74, 88
in HH management, 60

sodium morrhuate, for  
sclerotherapy, 68

sodium tetradecyl sulfate, 274, 
279–280, 298

venous obliteration with, 314
somatostatin

splanchnic vasoconstriction 
and, 56

variceal bleeding mortality rates 
and, 56

somatostatin analogues, 53, 56
sonography, terminology, 

178–179, see also  
Doppler ultrasonography; 
ultrasonography

Sos Omni Selective catheter, 211
sotradecol, pediatric variceal 

bleeding, 225
spenorenal shunts, surgically 

created, 156
spironolactone (Aldactone)

for ascites management, 58, 74, 
88, 96–97, 192

dosage, 96–97
splanchnic vasoconstriction, 53
splanchnic vasodilation, 74

ascites and, 144
splanchnic vein thrombosis, 298
spleen

blood flow, 52
CT scan, 238f
magnetic resonance elastography 

of, 36
volumetrics, 32–33

splenectomy
central splenorenal shunt and, 

85–86
devascularzation procedures 

and, 82
esophageal mucosal transection 

and, 82
splenic abscesses after PSE, 222
splenic artery embolization, 

220–224
in children, 227–228
complications of, 227–228
contraindications, 224t
indications, 224t
pediatric patients, 227–230

splenic hilum, ultrasound images, 
25f

splenic thrombosis, dehydration 
and, 225

splenic veins (SpV)
anatomy of, 2
CT scan, 238f
dilatation of, 23f
end-to-side anastomosis, 85–86
gastric variceal system and, 234f
imaging, 21f
isolated thrombosis, 88
patent, on celiac angiogram, 

302f
portal vein and, 104
reversed flow through, 236f
thrombosis, contraindication for 

BRTO, 255
splenomegaly

CT imaging, 31f
etiologies of, 221
portal hypertension and, 23f, 

298
splenoportal anatomy, 24
splenoportal venous system 

patency, 24
splenorenal CT scan, 23f
splenorenal shunts (SRS)

anatomic features, 235f
spontaneous, 22, 110, 110f

pediatric patients, 227
splenorenal varices, 23f
spontaneous bacterial peritonitis 

(SBP), 13–14
antibiotic prophylaxis, 68
ascitic fluid and risk of, 60

clinical pearls, 80
Denver shunts and, 76
hepatocellular function and, 57
HVPG and, 46
prophylaxis, 60
recurrent, 60
renal dysfunction in, 13–14

spontaneous splenorenal shunts, 
pediatric, 227

“staged sclerosis,” 274
Steal syndrome in liver  

transplantations, 222
steatosis, liver cirrhosis and, 4
stellate cell function, 2
stent grafts

CT imaging, 219f
history of, 177
patency of, 177
TIPS

clinical trials, 188f
patency, 187–188

stents
bare metal, 186
bare versus covered, 170–172
clinical trials, 186
kinking, 183f
migration, 199
stainless steel, 157
thrombosis, 183f

streptokinase, 91
stroke volume after TIPS, 144
stromal varices

anatomy of, 304
bleeding, management of, 66
classification of, 245f–246f, 

304–305, 304f–305f, 305t
description of, 71
endoscopy, 305–306
formation of, 225
hemorrhage, 81
imaging, 305–306
incidence of, 71
management of, 304–314
pediatric patients, 225
TIPS decompression, 306, 

306f–307f
transvenous obliteration of, 

308f, 309f
coils, 306–307
direct mesenteric venous 

puncture, 310f
direct percutaneous access, 

312f
sclerosants, 306
technique, 311f

superior mesenteric artery (SMA)
arteriogram, venous phase,  

216f
indirect thrombolysis via

clinical studies, 212–213
drawbacks of, 209
for MVT and PVT, 209
PVT and MVT management, 

211
superior mesenteric veins (SMVs)

anatomy of, 2
contrast injection, 217f
hepatoduodenal ligament and, 

24
portal vein and, 104
VIATORR stent graft  

deployment, 218f
surgical ligation for bleeding 

varices, 66
symbiotics, GI microflora and, 58

sympathetic tone, RAAS activation 
and, 145

systemic infections, contraindica-
tions to TIPS procedure, 
69

systemic lupus erythematosus 
(SLE)

cavogram, 150f
IVC membrane, 150f

systemic vascular resistance 
(SVR), 142

T
tadalafil for PoPH, 61
terlipressin

in HRS therapy, 60
for SBP prophylaxis, 68
splanchnic vasoconstriction 

and, 56
variceal bleeding mortality rates 

and, 56
thalassemia, hypersplenism and, 

220
thermodilutional catheter  

portogram, 143, 143f
thoracocentesis

for hepatic hydrothorax, 
195–196

therapeutic
in HH management, 60
risks of, 60

thoracotomy, laparotomy and, 
82–83

thrombectomy
mechanical, 209, 211
stromal varices, 305
TIPS, clinical studies, 212

thrombi
CT imaging, 31f
nonocclusive

shear forces in, 208
thrombin injection, 298
thrombocytopenia

in children, 227
contraindications to TIPS  

procedure, 69
splenic embolization for, 227
variceal bleeding and, 81

thrombolysis
catheter-directed, 209
mesenteric vein thrombosis, 

210–211
portal vein thrombosis, 

210–211
TIPS, clinical studies, 212

thrombosis, calcifications and,  
31

time-of-flight (TOF) MRV, 33–34
TIPS, see transjugular intrahepatic 

portosystemic shunts 
(TIPs)

tolvaptan for hyponatremia, 58
total mesocaval shunts, 84f
tract measurement, DIPS  

procedure, 136f
transfusions, prophylactic

LVP and, 75
transgastric staple transection, 

esophageal, 82
transiliocolic vein obliteration 

(TIO), 282
Transjugular Access Set, 154
transjugular cholangiography,  

112
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transjugular intrahepatic  
portogram, 42f

transjugular intrahepatic  
portosystemic shunts (TIPs)

animal studies, 168
in ascitic fluid management, 59, 

96–97
balloon-expanded sculpting 

techniques, 157–158
for BCS patients, 8, 148–155

complications, 155
results, 155
technique of, 153–154

in Budd-Chairi syndrome, 104f
in children, 225–227

with history of esophageal 
banding, 226f

technique, 225–227
clinical studies, 186–191, 

192–198
acites reduction and, 195
early cohorts, 193t, 196t
hepatic encephalopathy and, 

195
meta-analyzes of, 195
outcomes, 195
survival rates and, 195
thrombolysis and  

thrombectomy, 212
complications

for BCS patients, 155
endograft migration, 122
hepatic encephalopathy, 122
liver failure, 122

contraindications for, 69, 124, 
177t

creation for PVT management, 
208

decompression
with or without recanalization, 

301, 301f, 302
description of, 59, 100
difficult, unconventional  

techniques in, 124–129
Doppler evaluation of, artifacts, 

182–184
early human experience with, 

168–170
early use of, 189
effects on kidney function, 

94–99, 97
effects on liver function, 94–99, 

97
ePTFE covered stents, 155

versus bare stents, 171t, 172f
for EV bleeding control, 68–69
explants, histopathology of, 

167–168
hand-sewn endografts, 170f
hematodynamic changes  

following, 142–155, 143f
intrahepatic, 142–144

hepatic encephalopathy and, 58
history of, 112, 112f
in HRS therapy, 60
indications for, 112, 124, 148, 

178f
IVUs guidance techniques, 141
liver anatomy and, 100–102
liver transplantation and, 

199–204
clinical outcomes, 201–202
hepatic grafts vs. native livers, 

201
long-term followup, 146

loss of Doppler signal, 184f
mortality rates, 96
normal positioning, 179f
occlusion

biliary fistula and, 187f
complications related to, 156
TIPS reduction and, 156

outcomes, 81
patency outcomes, 167–176
patient selection for, 94–99
in PHT-induced varices, 64
pitfalls, 182–184
portal hepatic perfusion and, 

146
postprocedureal management, 

121–122
complications, 122

pre-procedure anatomy
imaging options, 109
noninvasive cross-sectional 

imaging in, 109t
premanufactured reducing 

stents, 157
preprocedural patient care, 

210–211
present status, 112
procedure, 113–121, 116f

access problems, 124
constricting stent placement, 

120f
hepatic vein problems, 124
portal vein occlusion, 

127–128
portal vein problems, 

125–127
portal venography, 119
variceal embolization, 121, 

121f
procedure planning, 112–113
prognostic factors, 98, 144
reduction of

indications for, 156
for post-TIPS HE, 156–166

refractory ascites and
complications, 195
contraindications in, 193t
indications in, 193t
LVP versus TIPS, 194–195, 

194t
outcomes, 195
prospective cohort trials, 

193–194
transjugular portal venogram, 

194f
results for BCS patients, 155
shunt reduction

coaxial stent-constrained 
grafts, 164t

contraindications for, 157f
indications for, 157f
lasso technique, 162–164, 

163f
parallel stents, 161–162, 164t
procedures compared, 164t
purse-string suture, 159–161, 

164t
results, 157
sculpting balloon-expanded 

grafts, 164t
techniques, 156–164

stenosis, 168f
Doppler findings, 181–182, 

181f
histopathology of, 167–168

stent-grafts era, 187–188

stent kinking, 183
stent migration, 182, 182f
stent thrombosis

Doppler findings, 179–181, 
180f

hepatic artery velocity, 
181–182

intrahepatic portal vein flow 
direction, 181

intrastent flow velocity, 181
main portal vein velocity, 181

technique, 112–113, 112–123
in children, 225–227

uncovered stents in, 174
US examination

abnormal, 179–181
Doppler findings, 179
normal gray-scale findings, 

179
retrograde flow, 180f
technique, 179

US surveillance of, 177–185
for variceal bleeding, 186–191
“virtual stent” on Doppler, 182

transjugular liver biopsy, 46–48
complications of, 48
contraindications for, 47t
evaluation of, 44–49
indications for, 47t
materials, 47
specimen examination, 48
specimen management, 48
technique, 47–48

canula orientation, 47–48
canula placement, 47, 47f
needle biopsy, 47

Trellis Peripheral Infusion System, 
209

treprostinil for PoPH, 61
triamterene for ascites manage-

ment, 58
tricuspid valve disease, PTH and, 

52
trimethoprim-sulfamethoxazole

dosage, 60
in SPB prophylaxis, 60

U
ultrasonography, see also Doppler 

ultrasonography
diagnostic, 22–29
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74
in portal hypertension, 24t
pre-TIPS anatomy
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disadvantages of, 109t

shunt evaluation, 79
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16–17
ultrathin endoscopy, 64, 65
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159–160
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emergent management of, 82
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mortality rate, 81, 95
patient management, 94–95
prognostic index, 95

BRTO indications in, 255
CT scan in, 128f
management algorithm, 54f
pediatric, 225
prevention of, 188
prophylaxis of, 52–53
PSE for, 220
rebleeding, prevention of, 

186–187
recalcitrant, management of, 

82–88
recurrent

prevention of, 95–96
surgical management of, 81

role of TIPS in, 94–96
sclerotherapy, 225
TIPS efficacy for, 177

clinical studies, 186–191
TIPS placement, 226f

variceal embolization (VE), 190
variceal hemorrhage

antibiotic therapy in, 56
CT imaging of, 29
esophageal varices

management of, 68–69
mortality rates, 68

HVPG and, 46
pediatric patients, 225
rebleeding, balloon tamponade 

for, 68
secondary prophylaxis, 56
TIPS for, 68–69
treatment options, 55–56

variceal ligation, endoscopic, 68
variceal sclerotherapy, 81
variceal sclerotherapy, pediatric, 

227
varices

abdominal wall, 19, 20–22
acute bleeding, 188–189
cirrhosis and, 10
classification of, 64–73, 65
ectopic, classification of, 

206f–207f
embolization of, 121, 121f

for acute variceal bleeding, 95
esophageal, 19

CT scans, 30f
hemorrhage, 29
PHT and, 52–55

gastric, 19
CT imaging, 31f

gastroesophageal
CT scan, 23f
imaging, 21f

gastrointestinal, PHT and, 52
hemorrhage, 29
high-risk

pharmacologic therapy of, 53
management algorithm, 54f
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variceal bleeding mortality rates 

and, 56
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sinusoidal obstruction 
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portal hypertension and, 52
post liver transplant

TIPS for, 202
venocavogram

nonselective inferior, 105f
venography

balloon-occluded retrograde, 
277–279

BRTO procedure, 286f
confirming stent patency, 218f
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outcomes, 154
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complications of, 42
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41–42
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wedged hepatic venous pressure 
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measurement of, 45
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variceal hemorrhage and, 46
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