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 PREFACE

The past several years have seen a logarithmic increase in progress in the field of
portal hypertension, both in clinical management as well as in pathobiology.  For example,
the implementation of beta-blockers in the primary and secondary prophylaxis of variceal
hemorrhage and the establishment of endoscopic variceal band ligation in the management
of acute variceal hemorrhage have become mainstays of clinical management of patients
with portal hypertension.  From a scientific standpoint, discoveries such as the elucidation
of the hepatic stellate cell as a contractile sinusoidal effector cell and the understanding of
nitric oxide as a key mediator of vascular responses have provided a cellular framework for
the pathogenesis of portal hypertension.  However, these discoveries and treatment ad-
vances are just the tip of the iceberg, with new therapies and pathogenic principles coming
under scrutiny and likely to reach fruition in the years to come.

In this spirit, we hope that Portal Hypertension: Pathobiology, Evaluation, and Treat-
ment will provide useful information for individuals actively engaged in the investigative
aspects of portal hypertension, as well as clinicians who care for patients with portal
hypertension throughout the world.  The goal of this text is to provide scientific updates
from leading portal hypertension researchers on key topics relating to the clinical and basic
investigation of portal hypertension, as well as to provide input from leading portal hyper-
tension clinicians regarding the revaluation and management of specific clinical circum-
stances relating to portal hypertension.  We have garnered contributions from experts
throughout the world, consistent with the global contributions that have been made in the
field of portal hypertension.

We hope that the readership finds Portal Hypertension: Pathobiology, Evaluation,
and Treatment useful as a reference as well as enjoyable as a cover-to-cover read!

Arun J. Sanyal, MBBS, MD

Vijay H. Shah, MD
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From: Clinical Gastroenterology: Portal Hypertension
Edited by: A. J. Sanyal and V. H. Shah © Humana Press Inc., Totowa, NJ

1 Portal Hypertension
A History

Adrian Reuben, MBBS, FRCP

and Roberto J. Groszmann, MD

CONTENTS

REFERENCES

The term portal hypertension or, more strictly, portal venous hypertension, refers
explicitly to a pathologic elevation of pressure in the veins that carry blood from the
splanchnic organs (including the spleen) to the liver. Implicit in the working definition
of portal hypertension is the necessary condition that the rise in portal pressure is not
simply a consequence of an increase in systemic venous pressure, as might occur with
congestive heart failure for example, but is intrinsically part of an increase in the pressure
gradient between the portal venous inflow to the liver and its hepatic venous outflow.
Increased pressure in the hepatic veins from any cause, such as hepatic vein thrombosis,
a suprahepatic inferior vena cava web, right heart dysfunction, constrictive pericarditis,
or any other comparable anatomic and/or functional lesion, elevates portal pressure
above its normal baseline value and can cause splenomegaly and ascites. Notwithstand-
ing, without secondary structural changes in the liver, however subtle, portal pressure
elevation that is solely caused by impaired hepatic venous drainage does not lead to the
formation of esophagogastric varices and the other pathophysiologic complications of
an increased portal–systemic pressure gradient that are discussed in detail in this book.
It is now self-evident that in health splanchnic blood percolates from the portal vein
through low-resistance intrahepatic vascular channels (sinusoids) to the hepatic veins—
but this was not always conventional wisdom. Ideas about the splanchnic and hepatic vas-
cular architecture and blood flow have evolved over millennia (1), as have concepts of the
nature of portal hypertension (2), although the time frame for the latter is only a couple
of hundred years at most.

Recognition that the liver is a highly vascular organ dates back more than 30,000 yr
to Paleolithic times, as shown by the remarkable cave art of prehistoric hunters found
at Lascaux in Southern France (3) and at other sites. The ancient Egyptians also must
have noticed the bloody content of the livers that they so carefully preserved for the next
world, along with other vital organs of their departed nobility and deceased privileged
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classes. Conversance with the vascularity of the liver was also common among people
of antiquity in the Mediterranean basin and the Near East, who practised the now lost art
of haruspicy or divination of the future by scrutinizing livers from sacrificed animals.
Egyptian physicians, however, were the first to record a description of the hepatic vas-
culature that they thought consisted of four veins (4) but, like Diogenes, Hippocrates,
and Aristotle in the 4th and 5th centuries BCE in Greece, and Galen in 2nd century CE

Rome, they got it wrong. Aristotle was confused about the portal vein, for he thought that
the vena cava supplied blood to the liver from above and that the liver and spleen were
connected by veins to the right and left arms, respectively (5), permitting targeted phlebot-
omy for the ill humors of those organs. For Galen and his contemporaries and followers,
in contrast, the liver was the “fons venarum,” the source of the major veins of the body
and the “sanguifactionis officina,” or the “factory of the blood,” the site of sanguifica-
tion. Galen did recognize that veins from the mesentery entered the “porta hepatis” or
gateway of the liver on its concave side (6), in his belief bringing digested food from the
intestines to be converted into blood in the liver by “(con)coction” (pepsis), with separa-
tion of light, yellow bile that is excreted by way of the bile ducts and gallbladder and heavy,
black bile that passes via the spleen to the stomach; the residue remained in the intestine
to be voided. Galen reported the insightful view of Erasistratus of Chios, an Alexandrian
scientist of the 2nd century BCE, who reasoned that there must be a labyrinthine system of
channels in the liver connecting the portal vein to the vena cava (7), to allow the blood to
pass through. In many respects, Galen was a bitter critic of his Alexandrian predecessor
(8), who flourished 400 yr earlier (9) and who, with his contemporary Herophilus of Chal-
cedon (10), founded the Alexandrian school of anatomy that was based on dissecting human
corpses. Galen disapproved of Erasistratus’s materialism and his dependence on morphol-
ogy as the only indication of an organ’s function.

After the fall of Rome in 476 CE, and with it the decline of Greco-Roman civilization
and learning, there were no advances in understanding the anatomy and function of the
liver, nor indeed anatomy in general, until the Renaissance dawned one thousand years
later. Throughout the Dark Ages, from the 5th to the 10th century CE, and even in the latter
half of the Middle Ages, the views and schemes of Aristotle and Galen were preserved in
the East in the Byzantine Empire and in the Arabic (Islamic) culture. In the West, with its
religious preoccupation with death and salvation, the soul was more important than the
body in which clerics and philosophers sought its haven. The graphic demonstrations of
bodily structures by Leonardo da Vinci in the 15th century (11) and Andreas Vesalius in
the 16th century (12) exemplified the revival of interest in anatomy but it was not until
William Harvey’s publication in 1628 of his discovery of the circulation of the blood
(13) that the Galenic perspective of the vasculature of the liver was seriously challenged.
Harvey reasoned that if blood could pass through a dense organ like the liver, from the
portal vein to the vena cava, seemingly without any local propulsive force, then blood
could surely flow through the delicate spongy lungs driven by the contractions of the
heart’s right ventricle. Yet it took a mere 1900 yr before Erasistratus’s hypothesis of trans-
hepatic blood flow was conclusively proved empirically by Francis Glisson (1597–1677)
(14), then Regius Professor of Physic at Cambridge, cofounder of the Royal Society, and
one-time President of the Royal College of Physicians of London. Using an ox bladder
attached to a syphon, such as was used in those days to administer enemas, Glisson injected
“warm water, coloured with a little milk” into the portal vein of a fresh human cadaver,
and found that the liver blanched when all the blood in it was expelled. With this demon-
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stration, Glisson not only vindicated Erasistratus and his theory of intrahepatic vascular
channels, but he also provided direct proof for Harvey’s assertion that blood flows through
the lungs, because the milky contrast passed sequentially through the right heart, the
lungs, and the left heart into the systemic arterial circulation.

The structural proof of Harvey’s theory and of Glisson’s functional demonstration of
a connection between arteries and veins—and, in the case of the liver, of a low-resistance
pathway between portal and hepatic veins—was made possible by Marcello Malpighi’s
landmark microscopic identification of capillaries that he first saw in the lung of a living
frog (15). Following the discovery by Wepfer, in the latter half of the 17th century, of
lobules or acini in the liver of the pig (16), a finding confirmed by Malpighi in many other
species (17), one would have expected that the fundamental anatomic hepatic unit would
have been well authenticated and universally agreed upon by now, but it has not (1).
Kiernan, using only a hand lens and a quicksilver injection technique, distinguished tri-
angular spaces containing minute branches of the hepatic artery, portal vein, and bile
duct, in other words portal tracts or triads, at the periphery of classic hexagonal lobules
(18). Elias, using elegant three-dimensional (3D) microscopic reconstructions (19), con-
firmed Hering’s original layout of one-cell-thick hepatocyte plates separating and bor-
dering vascular spaces (20), which many authors continued to call capillaries. Later, Minot
(21) distinguished the smallest blood vessels in the liver by the term “capilliform sinu-
soids” (later, plain sinusoids) because of their unique endothelial structure and associated
perisinusoidal cells, an arrangement that was later fully elucidated and is well recognized
today. It has yet to be settled whether the once popular acinus of Rappaport (22) or the
more current hepatic microcirculatory unit of Ekataksin (23), or some other model, will
be universally accepted as the ultimate morphofunctional unit of the liver. Irrespective,
in health, the sinusoidal system that connects portal and hepatic veins, which Malpighi
originally identified (17), constitutes a low-resistance vascular pathway. It follows that
any derangement of sinusoidal structure or venous drainage that is likely to increase resis-
tance to blood flow through the liver may thereby initiate portal hypertension.

The major complications of portal hypertension, notably ascites and to a lesser extent
variceal hemorrhage, were recognized long before their pathogenesis was understood.
Ascites is mentioned in the most ancient of medical texts, i.e., the papyrus Ebers of Ancient
Egypt (25) and the Ayurveda of the Hindu tradition (26), both dating from as early as
1500–1600 BCE and both offering remedies for accumulation of abdominal fluid that the
Hindus call Jalodara (26). In Central America, at about the same time, the Ancient Mayans
knew of the association between tense ascites and umbilical herniation, which they vividly
depicted in the clay figurines of the time. The term ascites first appeared in English in
the late 14th century as aschytes, and was taken from the Greek word for dropsy “askiTes”
(ασκïτηξ), itself derived from “askos” (ασκοξ), an ancient Greek word for a leather bag
or sheepskin that was used for carrying water, wine, oil, and so on. Whereas the Old Testa-
ment blamed ascites on adultery (27), Hippocrates knew of its seepage from the liver and
its poor prognosis (28). Erasistratus almost solved the pathogenesis of ascites when he
argued that “the water cannot accumulate… in any other way than from narrowness of
the blood vessels going through the liver,” (29) which, as usual, invited scorn from his
nemesis Galen. In contrast to the ample documentation available of the history of ascites
and its treatment through the ages (29–31), relatively little has been written before the
modern era about varices and variceal hemorrhage in patients with cirrhosis or portal vein
occlusion.
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In patients with portal hypertension, esophagogastric varices were undoubtedly com-
mon but their discovery in life would have been almost impossible before the advent of
radiology and endoscopy. Even in death from variceal hemorrhage, collapsed luminal
varices are difficult to identify at autopsy. Bleeding from esophageal varices was described
with certainty in France (32) and America (33) in the mid-19th century, and a little later
by Osler (34). Yet, in 1860, Friedrich Theodor von Frerichs, who is widely regarded as
the founder of modern hepatology, considered variceal bleeding to be a rare complication
of cirrhosis and hemorrhoids to be infrequent (35), even though he and others (35–37)
ably demonstrated, by injection opacification, an extensive portal collateral circulation in
cirrhosis, including the legendary caput Medusæ (35) and congestive splenomegaly (35).

If we ignore the hypothesis proposed by the German physician and chemist Georg E.
Stahl (1660–1734) that congestion of the portal vein, so-called abdominal plethora, is
responsible for most if not all chronic illness (38), then the concept of portal hyperten-
sion can be considered to have been introduced at the turn of the 20th century by Gilbert
and Villaret in Paris, who also coined the term that we use today (39). Gilbert and Weil had
shown previously that pressure in ascitic fluid was high in patients with cirrhosis (40), in
which setting they inferred that portal venous pressure must be high too (39). However,
the next obvious deduction was not made, namely, that the cirrhotic liver must be respon-
sible in some way for portal pressure elevation and its many consequences, including
splenomegaly. What followed instead was the classic error of confusing cause with effect,
as the enlarged spleen was thought to be the cause and not the result of the portal pressure
elevation. This conclusion was based on the faulty reasoning of the renowned Florentine
physician and pathologist Guido Banti (41), whose erroneous hypothesis was not accepted
by his colleagues in Europe but was supported for the longest while by none other than the
most respected physician of the day in Britain and America, William Osler (42,43). Banti
reasoned that in patients with splenomegaly, anemia, and leukopenia [so-called splenic
anemia (44) or Banti’s disease], the spleen was damaged by a toxin (45) and, in turn, the
splenopathy injured the liver and caused cirrhosis in a syndrome he labeled hepatosple-
nopathy (46) (later called Banti’s syndrome). Osler later withdrew his support for the
notion that a primary splenic disorder causes portal hypertension but not before surgeons,
from Harvey Cushing to William Mayo, removed the offending spleens with gusto, despite
recurrent hemorrhage and late mortality (41). Other surgeons performed omentopexy,
producing decompressing portosystemic collaterals by sewing the omentum to the perito-
neum (47). Despite its obvious shortcomings, Banti’s theory held sway from the 1880s to
the 1950s, until the weight of evidence from pathologic, radiologic, hemodynamic, and
surgical shunt studies laid to rest the legend of hepatosplenopathy (41,48–53).

The rejection of Banti’s hepatosplenopathy hypothesis cleared the way for less enig-
matic solutions to the pathogenesis of portal hypertension. Plausible, testable mechanistic
explanations were lacking for the perplexing association between cirrhosis and esophago-
gastric varices (54), as were more rational treatments than splenic amputation. To answer
these needs, one of the arguably most significant contributions came from the extensive
anatomic, pathologic, and liver-perfusion studies reported by a young New Zealander
trainee in pathology and surgery at the Mayo Clinic, Archibald McIndoe (55). McIndoe—
who later found fame in Great Britain, during World War II and its aftermath, for his inno-
vative plastic and reconstructive surgery on severely burned and injured airmen, other
service personnel, and civilians—concluded from the results of his experiments that por-
tal hypertension was a result of vascular obstruction in the cirrhotic liver (55). Banti’s “for-
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ward flow hypothesis” was thus replaced by McIndoe’s “backflow” phenomenon. McIndoe
also suggested that portal hypertension could be ameliorated by the use of the portocaval
fistula devised by the Russian surgeon, bureaucrat, and engineer, Nicolai Vladimirovich
Eck, working in St. Petersburg 50 yr earlier (56). Whipple, Rousselot, Blakemore, Sengs-
taken, and many other surgeons at Columbia University in New York City and elsewhere
pioneered a mainly surgical approach to decompression of the portal venous system (41),
which will be discussed and updated later by Dr. Michael Henderson (Chapter 16) as will
nonsurgical shunts, the radiologic counterparts, by Dr. Rajiv Jalan (Chapter 17).

The abandonment of Banti’s hypothesis does not mean that forward flow is discredited
as a contributory factor in portal hypertension. Patients with advanced liver disease have
long been recognized to exhibit the physical signs of a hyperdynamic circulation (57,58).
Whereas many possible mechanisms have been proposed for the hyperdynamic circula-
tory state seen in cirrhosis and portal hypertension (59), central to the syndrome is arterial
vasodilatation in both the splanchnic and peripheral vascular beds (60–62), which will
be analyzed and explained by Dr. Didier Lebrec (Chapter 4). Despite normalization of
resistance to portal blood flow as a result of portal–systemic collateralization, elevated
portal pressure is not abolished but persists, now being maintained largely by the hyper-
dynamic increase in portal blood flow. Thus, the hyperdynamic portal inflow and not only
the resistance provides the impetus for preserving an elevated portal venous pressure. In
other words, the backflow phenomenon gives way to and/or is augmented by forward flow,
as shown well in experimental animal models (60,63).

Parenthetically, one must concede that Banti’s ghost still stalks from time to time, espe-
cially but not exclusively in the case of patients with hematological causes of splenom-
egaly who also have portal hypertension and varices (64). Hematologists and others have
argued that the increased blood flow from a grossly enlarged spleen meaningfully con-
tributes to, or can even cause, portal pressure elevation, in much the same way as the
hyperdynamic circulation of cirrhosis does and can occur in the extreme case of splenic
arteriovenous fistula (65). This argument is often used to justify splenectomy, which can
be hazardous by causing portal and/or mesenteric thrombosis (66–69), possibly because
of the thrombogenic effect of a temporary slowing of portal blood flow (70), in the pres-
ence of vessel wall injury and thrombocytosis. In cirrhotic patients undergoing distal
splenorenal shunt surgery there appears to be no correlation between spleen size and
estimated sinusoidal pressure, and direct measurement intraoperatively shows no reduc-
tion of portal pressure with splenic vein clamping (71). In patients with certain hemologic
disorders, portal hypertension is either the result of a subtle change in sinusoidal struc-
ture (72), hepatic fibrosis (73), or portal vein lesions with the secondary development of
other liver lesions such as nodular regenerative hyperplasia (72). Whether laparoscopic
splenectomy (74), which is being used increasingly in cirrhotic patients to alleviate throm-
bocytopenia (75), will prove less hazardous than open splenectomy remains to be seen as
portal thrombosis has already been reported in patients with splenomegaly who undergo
laparoscopic splenectomy (75).

The final stop in this historical romp through portal hypertension is to review the intro-
duction of portal pressure measurements in humans, for investigational and clinical pur-
poses. Portal pressure had been measured directly intraoperatively since the 1930s at least
(52,77). The introduction of hepatic vein catheterization in 1944 for blood sampling (78)
was preparatory to the earliest efforts at hepatic venous pressure measurement and sinu-
soidal pressure estimation by Friedman and Weiner (79) and Myers and Taylor (80) in
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1951, and Paton et al. in 1953 (81) using an occlusion (wedged) technique, which was pre-
ferred to both abdominal wall vein (82) and splenic pulp (83) puncture. While the precise
role of wedged hepatic venous pressure measurements in routine clinical practice is still
being debated (84), the importance of making the measurements correctly cannot be over-
emphasized (85) lest the technique fall into disrepute because of inadequate performance.

In this introductory chapter, we have shown that the history of the discovery and inves-
tigation of the hepatic vasculature and portal hypertension is a colorful and illustrious one
in hepatology and in medicine in general. The remainder of this volume will build on this
historical account by providing explanations of the pathophysiology of portal hyperten-
sion and its complications, clinically and experimentally, with data ranging from studies
in conscious humans to minutiae at the cellular and molecular levels, and embracing the
most modern and rational approaches to therapy. The Ancient Egyptians, Mayans, Hindus,
Greeks, Romans, and others will surely applaud our progress with the organ once con-
sidered to be the “seat of the soul.”
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INTRODUCTION

Portal hypertension occurring during the natural course of liver cirrhosis is a conse-
quence of the increased intrahepatic resistance to portal flow. For a long time, this phe-
nomenon has been ascribed only to the profound changes of liver tissue angioarchitecture
consequent to the progression of the fibrogenic process. However, studies performed
during the last decade have demonstrated that there is also an increased vascular tone that
could be modulated to a certain extent by pharmacological agents. The aim of this chap-
ter is to provide general information on the anatomy of the portal systems and on the
regulation of vascular tone in this specific vascular district and in the splanchnic circu-
lation. Information about the collateral circulation that becomes relevant in the case of
portal hypertension is also provided.

In addition, because of the many studies performed in animal models and isolated and
cultured hepatic cell, attention will be paid to the biology of these cells and to the relative
pathophysiological implications. In particular, hepatic stellate cells, now regarded as
liver-specific pericytes, are likely to play an important role in the progression of portal
hypertension because of their active role in the deposition of fibrillar extracellular matrix
and of their contractile properties. In this context, several vasoconstricting agonists,
whose expression is increased in fibrotic liver, may play a role in inducing contraction
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of hepatic stellate cells as well as of other resident cells characterized by contractile abil-
ity. The features of different vasoactive agents will be analyzed and their potential involve-
ment in physiological and pathological conditions thoroughly discussed.

ANATOMIC CONSIDERATIONS
OF THE NORMAL PORTAL CIRCULATION

A portal venous system is defined as one beginning and ending in capillaries. The name
“portal vein” derives from the notion that it is the gate into which the splanchnic circu-
latory system is connected to the liver (porta = gate). The name portal vein is applied
to the venous system that originates in the capillaries of the intestine and terminates in
the hepatic sinusoids. Nutrients absorbed from the gastrointestinal tract, in addition to
hormones such as glucagons and insulin released by the pancreas, are directly delivered
to the liver in high concentrations.

Embryology of the Portal System
The portal venous system originates from the two vitelline and the two umbilical veins.

The vitelline veins, which drain blood from the yolk sac, intercommunicate in the septum
trasversum, at which point the liver sinusoids and lobules develop. The extrahepatic
portal system develops primarily from the left vitelline vein (which is later joined by the
splenic vein to form the portal vein), whereas the intrahepatic portal circulation origi-
nates from the umbilical veins. In addition, the left umbilical vein communicates with the
venous sinus connecting with the inferior vena cava, thus allowing a large quantity of
blood to bypass the liver in the fetal circulation. Soon after birth, the umbilical vein is
obliterated and the normal adult circulation is established. Despite this complexity in the
development of the portal system, only very few congenital anomalies of the portal venous
system are observed.

Gross Anatomy of the Portal System
The portal vein is a vessel collecting the venous blood of the abdominal part of the

alimentary tract, spleen, pancreas, and gallbladder to the liver. The portal vein begins at
the level of the second lumbar vertebra, just behind the neck of the pancreas as an upward
continuation of the superior mesenteric vein after this vessel has been joined by the splenic
vein. The superior mesenteric vein (0.78 cm in diameter) is primarily formed by all the
veins draining the small bowel, with significant further contributions of the ileocolic,
right colic, and middle colic veins. It runs in the root of the mesentery, in front of the third
portion of the duodenum to merge with the splenic vein. The splenic vein (0.94 cm in diam-
eter) originates with five to six branches that return the blood from the spleen and unite
to form a single nontortuous vessel at the splenic hilum and join near the tail of the pancreas
with the short gastric vessels to form the main splenic vein. This vein proceeds transvers-
ally, close to the hilum of the left kidney, in the body and head of the pancreas, receiving
numerous tributaries from this latter portion of the pancreas. The left gastroepiploic vein
joins the splenic vein near the spleen, and the inferior mesenteric vein (0.24 cm diameter),
collecting blood from the left part of the colon and rectum, usually enters its middle third.
Occasionally (one-third of subjects) the inferior mesenteric vein enters directly into the
superior mesenteric vein or at its junction with the splenic vein. On its way to the porta
hepatis, the portal vein trunk receives (in some variants) the superior pancreaticoduodenal
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vein (with right gastroepiploic vein) and the right gastric (pyloric) veins. The left gastric
(coronary) vein joins the portal vein at its origin 50% of the time, and it joins the splenic
instead of the portal vein in the other 50% of subjects. Coronary vein runs upward along
the lesser curvature of the stomach, where it receives some esophageal veins.

The portal system carries all the blood from the alimentary tract to the liver and, thus,
in the normal subject all of the above-named veins have blood flow directed toward the
liver. The segment of the portal vein after the last afferent branch runs in the hepatodu-
odenal ligaments (the free edge of the lesser omentum) in a plane dorsal to the bile ducts
and the hepatic artery. This segment extends for approx 6–8 cm before entering the liver
and it is 1–1.2 cm in diameter. The portal vein is not provided with valves, so the pressure
is transmitted freely back to the afferent branches. The portal vein pressure normally ranges
between 5 and 10 mmHg (depending on the method of measurement). Normal fasting
hepatic blood flow is approx 1500 mL/min. The best available estimates in humans indi-
cate that about two-thirds of the total hepatic blood flow and about one-half of the oxygen
consumption are supplied by the portal vein, whereas the remainder is supplied by the
hepatic artery. This dual hepatic blood supply makes the liver rather resistant to hypoxia.
Accordingly, ligation of the portal vein does not cause hepatocellular necrosis. Simi-
larly, accidental ligation of the hepatic artery or its major branches does not necessarily
lead to hepatic failure. The portal trunk divides into two lobar veins before entering the
portal fissure. The right lobar branch, short and thick, then receives the cystic vein. The
left lobar vein is longer than the right and consists of a transverse and an umbilical part.
The latter is the remainder of the umbilical parts. The recanalized umbilical or paraum-
bilical veins arise from the umbilical portion of the left portal vein and pass through the
round ligament to the anterior abdominal wall, where they may become evident, in the
presence of portal hypertension, in the umbilical varices.

According to the distribution of major portal vein branches, so-called segmental branches,
the liver can be divided into functional segments. Each segment depends on its major
vessel for blood supply. The right branch of the portal vein is usually less than 3 cm long
and runs more vertically. It divides into anterior and posterior branches, which supply
the anterior and posterior parts of the right lobe. Each of these vessels divides again into
superior and inferior branches. The left lobar vein gives branches to the quadrate lobe and
to the caudate lobe, before entering the parenchyma at the left end of the porta hepatis. A
separate branch may arise near the bifurcation to supply the caudate lobe. The vein is then
joined by the obliterated umbilical vein as it turns medially. The terminal part of the ves-
sel continues into segment IV, which it supplies with ascending and descending branches.
In addition to the main portal vein and its branches, the liver receives other veins from the
splanchnic circulation, the so-called parabiliary venous system of Couinaud. This highly
variable plexus includes several veins that arise from the pancreaticoduodenal or pyloric
veins and drain into the portal vein or directly into hepatic segments, especially segment
IV. This plexus provides examples of the metabolic effects of proximity to an insulin
source. Veins arising from the pancreatic region would carry blood with high insulin levels
and pyloric veins would carry low-insulin blood. The anatomy of these veins could explain
some examples of focal fatty liver and focal fatty sparing, in fact, insulin determines the
ability of the liver to accumulate triglycerides (1).

The other vessel supplying the liver is the hepatic artery. About one-third of the total
hepatic blood flow is supplied by the hepatic artery. The common hepatic artery is the
second major branch of the celiac axis. It runs to the right along the upper border of the
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pancreas in the context of the right gastropancreatic fold, which conducts the artery to
the medial border of the hepatoduodenal part of the lesser omentum. It ascends in front
of the portal vein in 91% of subjects and to the left of and behind the bile duct in 64%
of cases. It divides into the left and the right hepatic arteries to supply the corresponding
hemilivers. Although the left and right hepatic arteries are end-arteries, they often anas-
tomose within the hilar tissue (2). The right and left hepatic arteries each divide into two
arteries that supply the right anterior and posterior sections and the left medial lateral
sections, respectively. Another branch, the middle hepatic artery, arises from the left or
right hepatic artery and supplies the quadrate lobe. The cystic artery arises from the right
hepatic artery in the upper part of the Calot triangle (formed by the cystic duct, common
hepatic duct, and inferior surface of liver) (3).

Portal Collateral Circulation
The portal system has numerous collaterals that interconnect with the systemic circu-

lation. When portal pressure rises above 10 mmHg potential portosystemic collaterals may
develop. Formation of collaterals is a complex process involving the opening, dilation,
and hypertrophy of preexisting vascular channels. It is possible that active neoangiogen-
esis is involved in the formation collateral vessels (4). The sites for the development of
portal collateral vessels are those areas where veins draining into the portal system are in
immediate juxtaposition to veins draining into the superior or inferior vena cava. Collat-
erals vessels could be classified into tree embryological groups: (1) junction of absorp-tive
and protective epithelium (gastroesophageal and hemorrhoidal plexuses); (2) obliterated
fetal circulation (umbilical or paraumbilical veins in round and falciform ligaments); and
(3) organs derived from the gastrointestinal tract that became retroperitoneal or adhere
to the abdominal wall because of pathologic process (portorenal plexus, veins of Retzius,
surgical stomata, and other interventions connecting portal bed with the ascending lum-
bar azygos, renal, and adrenal veins).

The most important sites for the development of portosystemic collateral vessels are:
(1) esophageal submucosal veins, supplied by the left gastric vein and draining into the
superior vena cava through the azygos vein; (2) paraumbilical veins, although normally
nonfunctional, can serve as an anastomosis between the umbilical part of the left portal
vein and the hepigastric veins of the anterior abdominal wall that drain into the superior
or inferior vena cava, and in special circumstances may form caput medusae at the umbi-
licus (Cruveilhier–Baumgarten syndrome); (3) rectal submucosal veins, supplied by the
inferior mesenteric vein through the superior rectal vein and draining into the internal
iliac veins through the middle rectal vein; (4) splenorenal shunts, in this case venous blood
may be carried to left renal vein, either directly or by way of the diaphragmatic, pancrea-
tic, or gastric veins; (5) short gastric veins communicate with the esophageal plexus. More-
over, within the cirrhotic liver, there is significant collateral flow in small veins that con-
nect branches of the portal and hepatic veins (5).

The Gastroesophageal Junction
The normal venous anatomy of the gastroesophageal junction and of the lower esopha-

gus is particularly relevant to this introductory chapter. Studies of Vianna et al. docu-
mented four distinct zones of esophageal venous drainage (from distal to proximal): (1)
the gastric zone, which extends for 2–3 cm just below the gastroesophageal junction. This
is the junctional zone between the stomach and lower oesophagus. Veins from this zone
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drain into the short gastric and left gastric veins. (2) The palisade zone extends 2–3 cm
superiorly from the gastric zone into the lower esophagus and represent the watershed
between the portal and systemic circulation. (3) The perforating or transitional zone ex-
tends approx 2 cm further up the esophagus above the palisade zone. Here, the organized
longitudinal structure is lost, with veins looping and forming a network. The main fea-
ture of this zone is represented by the presence of perforating veins through the muscle
wall of the esophagus linking the submucosal and paraesophageal venous plexuses that are
tributaries of the azygos venous system. These perforating veins run circumferentially
around the esophageal wall. In portal hypertensive patients, dilated perforating veins
become incompetent and allow retrograde blood flow from the paraesophageal to the sub-
mucosal veins. This associated with the turbulent flow caused by pressure changes as a
result of the respiratory movements, coughing and stretching may contribute to forma-
tion and dilation of varices. (4) The truncal zone is 8–10 cm long and is characterized by
four of five longitudinal veins in the lamina propria. In this zone, perforating veins pene-
trate from the submucosa at irregular intervals to the external esophageal venous plexus.

In summary, venous drainage from the gastric fundus and the lesser curvature is directed
inferiorly to the portal vein. In the palisade zone, there is to/from flow that is probably
respiration dependent. The perforating veins connect the intrinsic and extrinsic esopha-
geal plexuses. Flow in the truncal zone is inferior to the perforating zone. In conclusion,
the perforating, transitional zone is the “critical area” for variceal rupture. Indeed, varices
tend to be bigger and to form “nodules” at the distal end of the esophagus, at the level
of the perforating veins (6).

Structure and Function
of the Splanchnic Vasculature

The splanchnic circulation consists of those vascular beds perfused by the celiac,
superior and inferior mesenteric arteries, and the portal vein. The organs perfused by the
splanchnic vasculature receive about 25% of cardiac output and account for about 30%
of total body oxygen consumption under resting conditions. Functional and/or structural
changes in arterioles, capillaries, and venules can initiate or perpetuate an elevated portal
pressure (e.g., dilation of arterioles, passive occlusion of capillaries, and active constric-
tion of hepatic venules). The structural and functional characteristics of the microvas-
culature of the stomach and small and large intestine are very different from those of the
liver. First, splanchnic capillaries are much less porous than the hepatic sinusoids and
have a well-defined basement membrane. Although most splanchnic capillaries are fen-
estrated, the estimated pore size, 3.7 to 12 nm in radius, is between 50 and 100 times
lower than that of the hepatic sinusoids. A very little amount of the total protein oncotic
pressure may pass across a splanchnic capillary membrane; consequently, any increase
in filtration in the splanchnic capillaries is quickly counterbalanced by an increase in the
oncotic pressure difference between capillary lumen and interstitial space. In addition,
there is evidence that the intestinal microvasculature autoregulates the capillary pres-
sure and capillary filtration coefficient. There are significant differences between the
intestinal and hepatic interstitium in terms of compliance; in fact, considerable interstitial
fluid can accumulate without causing any major changes in interstitial pressure. More-
over, the intestines have a very efficient lymphatic system to remove interstitial edema.
In normal conditions, approx 20% of the fluid absorbed by the small intestine is carried
out to the general circulation by the lymphatics (7).
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Under basal conditions, splanchnic arterioles are partially constricted, and have the
capacity to either further constrict or dilate. This arteriolar smooth muscle tone is the
sum of multiple factors that tend to either relax or constrict vascular smooth muscle. A
variety of metabolic end-products (e.g., adenosine), some endothelium-derived substances
(e.g., nitric oxide), and certain neurotransmitters (e.g., acetylcholine) are known to relax
arteriolar smooth muscle and produce vasodilation. Important vasoconstrictors influences
on splanchnic arterioles include some circulating agents (e.g., angiotensin II), certain
endothelium-derived substances (e.g., endothelin), and some neurotransmitters (norepi-
nephrine). These factors can alter the contractile state of arteriolar smooth muscle either
by acting directly on vascular smooth muscle (e.g., metabolic mediators) or by stimu-
lating endothelial cells to release vasoactive agents that act on the underlying adjacent
vascular smooth muscle (e.g., acetylcholine). Hypoxia, in terms of reduced oxygen deliv-
ery or increased oxygen demand, can lead to changes in arteriolar tone and consequent
changes in blood flow. This effect appears to be mediated by terminal products of oxi-
dative metabolism, such as adenosine, and tissue oxygen tension (pO2) and appear to be
one of the principal mechanisms of postprandial hyperemia. In fact, when tissue pO2
falls or extracellular adenosine concentration rises, arterioles dilate. Normally, splanch-
nic arterioles are exquisitely sensitive to acute changes in intravascular pressure. Vascu-
lar smooth muscle of splanchnic arterioles contracts intensely in response to stretch (induc-
ing a sudden elevation in portal pressure). The intense dilation of arterioles observed in
chronic portal hypertension likely reflects the accumulation of vasodilators [e.g., increased
nitric oxide (NO) production, increased blood levels of glucagons] that overcome intrin-
sic myogenic vasoconstrictor factors (8).

Norepinephrine, angiotensin II, and vasopressin are estimated to account for more than
two-thirds of basal splanchnic vascular tone. Norepinephrine generally elicits a profound,
yet transient, reduction in splanchnic blood flow. Increased tissue levels of adenosine
during vasoconstriction-mediated arterioles escape from norepinephrine-mediated vaso-
constriction. On the contrary, vasopressin and angiotensin II cause a sustained reduction
in splanchnic blood flow. Glucagon attenuates the splanchnic vasoconstrictive response
induced by catecholamines, vasopressin, and angiotensin II through a downregulation
of receptors and/or postreceptor mechanisms such as impairment of second-messenger
activation in splanchnic vascular smooth muscle. A wide variety of hormones and pep-
tides produced within the alimentary tract are capable of altering splanchnic blood flow
when infused into arterial blood. Somatostatin and neuropeptide-Y are locally produced
peptides that exert potent vasoconstrictor actions. Vasoactive intestinal polypeptide, sub-
stance P, cholecystokinin, and gastrin are examples of gastrointestinal peptides that dilate
splanchnic arterioles and increase blood flow.

Splanchnic organs exhibit an intrinsic ability to regulate local blood flow by modulat-
ing the tone of arterioles. Two examples of intrinsic vasoregulation are pressure-flow auto-
regulation and functional (postprandial) hyperemia. Pressure-flow autoregulation is the
ability of an organ to maintain its constant blood flow when arterial pressure is reduced.
This regulatory mechanism depends on metabolic or myogenic-mediated dilation of arte-
rioles at lower intravascular pressures. However, pressure-flow autoregulation of splanch-
nic organs is not as potent and precise as in other vascular beds such as the heart, the
brain, and the kidneys. Nevertheless, this autoregulation is improved in the postprandial
phase (increased metabolic demand), when arterioles become more sensible to reductions
in arterial pressure. Postprandial hyperemia has recently received much attention as a
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potential cause of rapid elevation in splanchnic blood flow and portal pressure that may
lead to variceal formation, dilation, and explosion (9,10). Splanchnic vasodilation and
hyperemia is caused by the interaction of intrinsic (change in arteriolar transmural pres-
sure and/or increase in vasodilator tissue metabolites) or extrinsic mechanisms (auto-
nomic nervous system especially noncholinergic vagal reflexes) and the effect of nitric
oxide, gastrointestinal hormones and peptides (gastrin, cholecystokinin and glucagons),
autacoids (histamine, serotonin), osmolality, and prostaglandins. The relative contribu-
tion of these different factors is influenced by the composition of the meal (i.e., long-chain
fatty acids appear to be the most potent stimulus) and the preprandial metabolic status
of the affected organ.

Nerves
The liver is predominantly innervated by two plexuses, the anterior and the posterior,

which communicate with each other. The anterior plexus surrounds the hepatic artery and
is made up of fibers from the celiac ganglia and anterior vagus nerve. The posterior plexus
surrounds the portal vein and bile duct and is formed from branches of the right celiac
ganglia and posterior vagus. The vast majority of nerve fibers terminate in plexuses in the
adventitia around hepatic arterioles and venules. Small fibers from these plexuses then
end on smooth muscle cells in the media of these vessels. Within the liver cell plate, the
majority of nerve fibers are observed in periportal regions. Some of the nerve fibers ter-
minate on endothelial cells in the smallest hepatic arterioles, near the space of Disse, on
Kupffer cells, and on hepatic stellate cells (HSC).

Hepatic innervation can be distinguished in extrinsic and intrinsic. The extrinsic inner-
vation of the liver is constituted by: (1) efferent sympathetic nerve fibers and parasym-
pathetic nerve fibers; these play a role in regulating the metabolic load of hepatocytes,
hemodynamic and biliary motility; (2) afferent fibers, which are thought to be involved
in osmo- and chemoreception. At the hilus, amyelinic fibers from the anterior and pos-
terior plexuses enter the liver mainly around the hepatic artery. The intrinsic innervation
is composed of fibers (mostly adrenergic, but also cholinergic and peptidergic) mainly
associated with vascular and biliary structures in the portal spaces (11). Certain fibers enter
liver lobule where they form a network around hepatocytes and extend into the sinusoidal
wall, sometimes reaching the centrilobular vein. Some neuropeptides have been identi-
fied, such as vasointestinal peptide, neuropeptide Y, substance P, glucagon, and calcitonin
gene-related peptide. Stimulation of sympathetic fibers causes an increase in vascular
resistance and a decrease in hepatic blood volume.

The Hepatic Portal Tree
Segmental branches of the portal vein split dichotomously into equal sized branches,

constituting a tree of conducting vessels that terminate in venules having an inner diam-
eter of about 400 µm. Each branch of the afferent vessels is essential for proper function
because it supplies blood to a specific area. There are few, if any, anastomoses that could
provide collateral circulation if a major branch is impaired. In other words, the first por-
tion of the portal system is merely conductive up to the branching into preterminal portal
venules with an inner diameter of 80–40 µm. This latter portion appears to be the main
site of the constrictive response of the portal tree to various constrictive stimuli and, as
such, the main mechanism for controlling blood distribution within the liver. Further
downstream, the so-called terminal portal venules are endothelial tubes surrounded by
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a thin layer of smooth muscle. These structures do not contract and splits into septal,
perilobular, and lobular branches that supply directly blood to sinusoids via inlet venules
and give a constant but sluggish blood flow (12). At this last level, a sphincter mech-
anism is created by the nuclei of endothelial cells residing at origin of sinusoids. The
branching of the distribution portion of portal tree is paralleled by the arterial and lym-
phatic components of the portal tract (13).

Arterial Supply
Arterial supply, which normally represents from 25% to 30% of the hepatic blood

flow, satisfies the oxygen demands of the stromal and parenchymal compartments of the
liver. The arteries form a peribiliary plexus that surrounds and nourishes small bile ducts.
Intrahepatic arteries are thick-walled and become smaller as the arteries branch. Termi-
nal branches contain only endothelium surrounded by a thin adventitia. Entry of arterial
blood into sinusoids takes place at different levels, mainly zone 1 and 2 of the acinus.
Additional entrances in zone 3 have also been postulated. Drainage of the plexus is both
directly in sinusoids and into small branches of the portal veins (14). In physiological
conditions, the arterial flow varies inversely with portal vein flow, and compensates for
the eventual shortage of portal perfusion (15,16). The hepatic artery provides a pulsatile
but small-volume flow that appears to enhance sinusoidal flow, especially in periods of
reactive arterial flow, such as the postprandial hyperemia. The proportion of arterial per-
fusion rises in portal hypertension irrespective of the etiology and reflects a deterioration
of liver conditions (17).

The Functional Unit of the Liver—Rappaport’s Acinus
Rappaport’s acinus is a parenchymal mass lying between two centrilobular veins. Its

axis is a small radicle of the portal triad containing a terminal portal vein (diameter <40
µm), a hepatic arteriole (diameter >15 µm), nerves, lymph vessels, and bile ducts or chol-
angioles. This axis, seldom seen by light microscopy, corresponds to the connective tissue
septa. Blood drain into centrilobular veins (diameter <65 µm) from the terminal branch
of the portal vein. In sinusoids, flow is unidirectional, from periportal to centrilobular
hepatocytes. The concept of functional heterogeneity has been based on this organization.
The acinus is arbitrarily divided into three zones; (zone 1) periportal; (zone 2) mediolobular;
(zone 3) centrolobular (18). In Rappaport’s acinus, blood flows unidirectionally from zone
1 to zone 3. This is because of: (1) the presence of sinusoidal inlet and outlet sphincters
composed of sinusoidal lining cells bulging into the lumen; (2) transient leucocyte plug-
ging; (3) variations in the morphology of sinusoids in the different zones; and (4) the con-
tribution of arterial flow at the beginning of the sinusoidal structures (19).

Sinusoids
Between the genuinely interdigitating networks of afferent and efferent vessels, there

is a space filled with plates and columns of hepatocytes, among which a complex network
of sinusoids is found. In other words, the hepatic sinusoids can be seen as conduits con-
necting the terminal portal venule and terminal hepatic arteriole with the hepatic venules.
The length of a human sinusoid varies between 223 and 477 µm. The average velocity
of erythrocyte flow in sinusoids ranges between 270 and 410 µm/s. Average blood pres-
sure has been measured to be about 4.8 mmHg in terminal portal branches, 30–35 mmHg
in arterial blood, and 1.7 mmHg in collecting vessels (20). The huge cross-sectional area
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of the sinusoids is responsible for the normally low transsinusoidal vessel resistance,
pressure gradient, and flow velocity. It is estimated that 80% of the sinusoidal profile
would have to be obliterated to cause portal pressure to rise (21). This portion of the liver
circulation is unique in comparison to most other capillary beds. Its endothelial lining is
made up of flat, lobulated, fenestrated cells, which overlap loosely without being attached
to one another, i.e., intercellular junctions are absent. In contrast with other capillaries,
hepatic sinusoids are not provided with a basal membrane. The presence of elements of
the cytoskeleton in these fenestrations have raised the issue of whether fenestrations
may contract and to what extent this may influence the passage of solutes into the space
of Disse. This is a space located between the sinusoidal domain of the hepatocyte plasma
membrane and the endothelial cells forming the walls of the hepatic sinusoids.

This space, which is not normally discernible in biopsy material by standard light mic-
roscopy, is characterized by the presence of different components of the extracellular
matrix (different type of collagens mainly type III, but also types I and IV, proteoglycans,
laminin, and fibronectin). Fibrillar collagens such as collagen types I and III are orderly
distributed to form a supporting framework, whereas other components such as collagen
type IV, proteoglycans, and laminin are distributed in order to form a matrix allowing
the exchange of macromolecules between the sinusoidal blood and the hepatocytes. The
caliber of the sinusoids is variable, typically 6–30 µm, but can increase up to 180 µm.
Periportal sinusoids are narrow and tortuous facilitating solute–capillary wall interac-
tion, whereas perivenous sinusoids are straighter and wider. The changes of the caliber
seem to be mostly passive, depending on regional flow and volume changes but depends
also on active contraction of HSC, and changes in the diameter of sinusoidal fenestrations
as it will be further expanded.

There are two types of sphincter-like structures at the entering sites of hepatic sinusoids.
One is located at the junction between the terminal portal venule and the sinusoid, and is
characterized by the large endothelial cells surrounded with Ito cells (HSCs). The other is
located at the junction between the terminal hepatic arteriole and the sinusoid, and cor-
responds to the precapillary sphincter because our enzymohistochemical demonstration
of arterial capillaries in close association with the sinusoids combined with intravital mic-
roscopy has revealed that the terminal hepatic arteriole directly terminates in the sinusoid.

Control of the Intrahepatic Circulation
Under physiological conditions, the liver itself is the main site of resistance to portal

flow. It should be emphasized that there is no precise mechanism regulating portal flow
into the liver and, in normal conditions, the portal tree is able to accept any amount of
blood coming from the splanchnic area. In other words, the liver is not able to control the
volume of the portal flow, which is mainly determined by resistance vessels of splanchnic
organs that drain into the portal venous system. The principal site of resistance within nor-
mal hepatic tissue is still a matter of controversy. There are indeed several structures poten-
tially affecting intrahepatic resistance. These include terminal hepatic venules, small
portal venules, and, at the sinusoidal level, the state of tension developed by HSC around
sinusoids and the number and diameter of sinusoidal fenestrations. However, an active
sinusoidal control of the perfusion still represents a controversial issue, as will be further
expanded. Arterial inflow, on the other hand, is a subject of clear and effective control,
depending mainly on the actual needs of the liver tissue (22). In addition, compensatory
relationships exist between the venous and arterial inflows (23), so arterial flow increases
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when portal flow decreases. This occurs as a result of communications among main ves-
sels, sinusoids, and peribiliary venules (24) that open in response to nervous and soluble
factors (25). In these cases, portal flow blockade has repercussions on the entire territory
downstream from the obstruction, following portal dichotomy and producing an arterial
reaction strictly confined to that territory and, therefore, with a sectorial, triangular shape.
Moreover, in case of bile duct dilatation, a collapse of the peribiliary plexus that sur-
rounds biliary tree like a meshwork and lacks muscular walls is observed. Because this
plexus provides an additional flow of portal blood toward the sinusoids, its impairment
or failure results in a further decrease in the total amount of portal blood reaching the
sinusoids and increase in arterial inflow of these structures.

BIOLOGY OF PORTAL CELLS
INCLUDING SINUSOIDAL ENDOTHELIAL CELLS AND HSCs

Sinusoidal Endothelial Cells (SECs)
Liver sinusoidal endothelial cells (SEC) form a continuous lining of the liver capil-

laries, or sinusoids, separating parenchymal cells and HSC from sinusoidal blood. SEC
differ in fine structure from endothelial cells lining larger blood vessels and from other
capillary endothelia in that they lack a distinct basement membrane and also contain
open pores, or fenestrae, in the thin cytoplasmic projections that constitute the sinusoidal
wall (26). This distinctive morphology supports the protective role played by liver endo-
thelium, the cells forming a general barrier against pathogenic agents and serving as a
selective sieve for substances passing from the blood to parenchymal and HSC, and vice
versa. Another functional characteristic of SEC is their high endocytotic capacity. This
function is reflected by the presence of numerous endocytotic vesicles and by the effec-
tive uptake of a wide variety of substances from the blood by receptor-mediated endocy-
tosis (27). This capacity, together with the presence of fenestrae and the absence of a
regular basal lamina, makes these cells different and unique from any other type of endo-
thelial cell in the body. Accordingly, SEC can be regarded as a “scavenger system,” which
clears the blood from many different macromolecular waste products that originate from
turnover processes in different tissues.

Beside endocytosis, endothelial transport in the liver sinusoidal endothelium occurs
through fenestrae without a diaphragm. During this process, the endosomal and lysoso-
mal compartments are bypassed. The exchange of fluids, solutes, and particles is bidirec-
tional, allowing an intensive interaction between the sinusoidal blood and the microvillus
surface of the parenchymal cells. Endothelial fenestrae measure between 150 and 175
nm in transmission electron microscopic preparations, occur at a frequency of 9–13 per
µm2, and occupy about 10% of the wall surface. They are large in zone 1 and smaller but
more numerous in zone 3. Endothelial fenestrae do not obstruct most plasmatic macro-
molecules and enable the exchange of free water and substance within the sinusoids at
quite low hydrostatic pressure (2–3 mmHg).

Fenestrae are dynamic structures whose diameter and number vary in response to a
variety of hormones, drugs, toxins, diseases, or even to changes in the underlying extracel-
lular matrix. Structural integrity of the fenestrated sinusoidal liver endothelium is essen-
tial for the maintenance of a normal exchange of fluids, solutes, particles, and metabolites
between the hepatocytes and sinusoidal blood. Changes in the structure and function of
fenestrae can have adverse effects on hepatocytes and liver function in general (28).
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Sinusoidal fenestrations can change in size in response to various stimuli, including blood
pressure, neural impulses, serotonin, endotoxin, alcohol, and nicotine.

Several studies have explored the mechanisms whereby hormones and cytoskeletal-
altering drugs change the fenestral diameter and number. From these studies it became
clear that drugs which alter the calcium concentration within SEC also change the fenes-
trae diameter (29). Recent data indicate that both Ca2+Mg2+-ATPase and Ca2+ pump-
ATPase demonstrated on the SEC plasma membrane may be involved in the regulation
of intracytoplasmic Ca2+ concentration (30). Other studies have shown that drugs which
interfere with the SEC-cytoskeleton mainly alter the number of fenestrae (31). Finally,
peculiar reports appeared describing fenestral dynamics in various pathological condi-
tions of the liver, such as hypoxia, increasing venous pressure, irradiation, cold storage,
and invasion of the liver by metastatic tumor cells or viruses (26).

Some aspects of SEC function may have relevant implications for the regulation of
sinusoidal pressure. The filtration of lipoproteins by open pores is the simplest mecha-
nism for steric selection. However, the fenestrae limit the free access to the parenchymal
cell by a factor of 10. To overcome the difficulty of bringing solutes and (lipid) particles
into the space of Disse and in contact with the parenchymal cells, the mechanisms of
“forced sieving” and “endothelial massage” has been postulated (28). The hypothesis of
“forced sieving” is based on the consideration that red blood cells unilaterally restrict
the space in which lipoproteins move in Brownian motion. Red blood cells therefore
increase the chance that lipoprotein droplets will escape through the fenestrae. Taking
into account that red blood cells pass by in endless numbers while gently touching the
fenestrated lining and, in the meantime, constantly adapting their shape to the dimensions
of the sinusoid, it is assumed that red blood cells in their turn exert an important effect
on the passage of any molecule larger than water through the liver sieve. According to
the hypothesis of endothelial massage, white blood cells plug the sinusoid because they
have an average size of 8.5 µm and, therefore, do not fit into a sinusoid, which measures
from 5.9 µm in the portal region to 7.1 µm in the centrilobular region. In addition, white
blood cells are less plastic than other blood cells and do not easily adapt to obstacles or
diameter changes of sinusoids. As a result, white blood cells distend the fenestrated endo-
thelium and the space of Disse. As a consequence, fluid in the space of Disse is pushed
downstream and when fenestrae are encountered, fluid will be flushed out of Disse’s
space. After passage of the white blood cells, the space of Disse resumes its original shape,
which causes a suction of fresh fluids into the space. In this way, the homeostasis of sinu-
soidal pressure is maintained by dispersion of lateral force throughout the sinusoidal
sieve. It is implicit that a consistent loss of fenestrations, as it is observed in capillarized
sinusoids, represents per se, an initial cause of deregulation of this homeostasis and of
increased portal pressure.

HSC
HSC are located in the space of Disse in close contact with hepatocytes and SEC. In

human liver, HSC are disposed along the sinusoids with a nucleus-to-nucleus distance
of 40 µm, indicating that the sinusoids are equipped with HSC at certain fixed distances
(32). These observations suggest that, although the total number of HSC constitutes a
small percentage of the total number of liver cells (approx 5–8%), their spatial disposi-
tion and spatial extension may be sufficient to cover the entire hepatic sinusoidal micro-
circulatory network. The most evident ultrastructural feature of HSC in normal adult
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liver is the presence of cytoplasmic lipid droplets ranging in diameter from 1 to 2 µm
(i.e., “fat-storing cells” or “lipocytes”) (32). These lipid droplets are involved in the hep-
atic storage of retinyl esters because of the key role of HSC in the metabolism and storage
of retinoids.

The role of HSC in the progression of liver fibrosis has extensively been character-
ized. As a consequence of chronic liver tissue damage, HSC, as well as other extracellu-
lar matrix-producing cells (e.g., fibroblasts and myofibroblasts constitutively present in
the portal tract), undergo a process of activation that leads to a phenotype characterized
by increased proliferative, motile, and contractile attitudes.

The recognition that HSC are provided with contractile properties represents a key
acquisition in the knowledge of the biology of this cell type (33). Contraction of activated
HSC occurs in vitro in response to different vasoconstrictors (Table 1). However, this
experimental evidence is likely to be more representative of HSC contractile status in
fibrotic liver, where contraction of activated HSC in response to various stimuli may have
important implications in the pathogenesis of portal hypertension and in the contraction
of mature scar tissue. Following two studies published in 1992 (34,35) demonstrating
the contraction of HSC in response to different vasoconstrictors, the potential involve-
ment of this cell type in the genesis and progression of portal hypertension has been
postulated. Regardless, the potential consequences of the contractile attitude of HSC are
still a matter of controversy and some key questions should be addressed before reaching
superficial conclusions. These include:

1. Do HSC play a role in the regulation of sinusoidal tone in normal liver?
2. Do HSC influence portal pressure in conditions of developing fibrosis and “capillariza-

tion” of sinusoids?
3. Do HSC influence portal pressure in cirrhotic liver?

Table 1
Action of Vasoactive Agents on Hepatic Stellate Cells

Agent Contraction Relaxation [Ca2+]i increase

Endothelin-1 ++++ Coupled
Thrombin ++++ Coupled
Angiotensin-II +++ Coupled
Substance P +++
Adenosine +++ Coupled
Thromboxane +++
Vasopressin ++++ Coupled
Platelet-activating factor + Coupled
Cysteinyl leukotrienes +++ Coupled
Adrenomedullin ++ *
Nitric oxide ++ *
cAMP increasing agents +++ *
Lipo PGE1 ++
Atrial natriuretic peptide +++ *
C-type natriuretic peptide +++ *

*Relaxation associated with an inhibition of vasoconstrictor induced-[Ca2+]i increase.
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Because of their anatomical location, ultrastructural features, and similarities with
pericytes regulating blood flow in other organs, HSC have been proposed to function as
liver-specific pericytes. As already introduced, branches of the autonomic nerve fibers
coursing through the space of Disse show a contact surface with HSC (36), and nerve
endings containing substance P and vasoactive intestinal peptide have been demonstrated
in the vicinity of HSC (37). In both a normal and fibrotic liver, the expression of N-CAM,
a typical central nervous system adhesion molecule detected in hepatic nerves, and the
expression of glial fibrillary acidic protein (GFAP) are restricted, among liver cell types,
to HSC (38). These observations, although reinforcing a potential functional relationship
between the autonomic nervous system and HSC, raise a current key issue concerning
the origin of this cell type, previously considered to be of myogenic origin because of the
expression of desmin and smooth muscle α-actin (α-SMA). Along these lines, activated
HSC express nestin, a class VI intermediate filament protein originally identified as a
marker for neural stem cells (39). Remarkably, the expression of this cell marker appears
to be restricted to HSC and pericytes of brain parenchyma vessels, among all organ-
specific pericytes. Another neuroendocrine marker suggesting a combination of mesen-
chymal and neural/neuroendocrine features in HSC is synaptophysin, a protein involved
in neurotransmitter exocytosis. Synaptophysin reactivity is present in perisinusoidal stel-
late cells in both human and rat normal liver biopsies and the number of synaptophysin-
reactive perisinusoidal cells is increased in pathological conditions (40). Recent expe-
rimental evidence indicates that rat and human HSC express neurotrophins [including
nerve growth factor (NGF), brain-derived neurotrophin, neurotrophin 3, and neurotrophin
4/5] and neurotrophin receptors (41). This information cannot be advocated to support the
possible neural/neuroendocrine differentiation of HSC because neurotrophins and the
relative receptors have been identified in a variety of mesenchymal cells, such as fibro-
blasts and myofibroblasts, both in normal tissues and in tissues undergoing acute or chronic
wound repair. Expression of neurotrophins in tissues other than the central or peripheral
nervous system has classically been considered to be aimed at stimulation of outgrowth
and maintenance of the peripheral nervous system. However, an increasing number of
experimental reports indicate that the neurotrophin/neurotrophin receptor systems is likely
implicated in biological events such as cell differentiation, proliferation, survival, and
motility. In addition, a significant positive correlation between NGF synthesis e cell con-
tractility, possibly related to the regulation of intracellular calcium homeostasis, has been
reported in vascular smooth muscle cells (42,43). In aggregate, these observations sug-
gest a complex interaction between the pathophysiological role of HSC and the function
of the peripheral nervous system.

Although these evidences suggest a role of HSC in the regulation of sinusoidal blood
flow in normal liver, this issue is still matter of substantial controversy. From the mor-
phological standpoint, some observations argue against the role of HSC in the regulation
of sinusoidal blood flow (44). First, in their in vivo tridimensional disposition, HSC do
not have a stellate form (typical of their aspect in bidimensional culture on plastic) but
rather a “spider-like” appearance (“arachnocytes”) in respect of their small cell body with
a series of radiating and parallel slender processes. According to the authors of these
observations, cells with this tridimensional disposition are not likely to be “contraction
ready.” Additional limitations to effective cell contraction are offered by the spatial limit-
ation of the space of Disse, by the intracytoplasmic presence of lipid droplets that prevent
microfilaments from assembly in a long span, and by the ultrastructural evidence of a
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limited development of contractile filaments in quiescent HSC. Regardless, studies eval-
uating the hepatic microcirculation by intravital microscopy techniques have suggested
that HSC could be involved in the regulation of sinusoidal tone in normal liver (45,46).
Additional matter of debate is provided by studies aimed at quantitating HSC contrac-
tion with techniques able to detect the development of contractile forces in response to
vasoconstrictors (47). The results of these studies indicate that the magnitude and kine-
tics of contraction and relaxation are consistent with the hypothesis that HSC may affect
sinusoidal resistance. However, for understandable technical reasons, these data were
obtained in rat HSC in primary culture 7 d after isolation, when a certain degree of activa-
tion in culture has occurred. In conclusion, although HSC could be proposed as liver-speci-
fic pericytes in reason of their location, spatial distribution, relationship with the peripheral
nervous system, and ultrastructural features, no conclusive evidence is presently avail-
able concerning their role in the regulation of sinusoidal blood flow in physiological
conditions.

MAJOR SIGNALING PATHWAYS RELEVANT
TO ENDOTHELIAL–SMOOTH MUSCLE CELL INTERACTIONS

Several vasoactive agents have been shown to be effective in modulating activated HSC
contractility in culture (see Table 1). The role of two vasoregulatory compounds, namely
endothelin 1 (ET-1) and NO, has been particularly highlighted.

Endothelin
Endothelin-1, a potent vasoactive 21-amino-acid peptide secreted by endothelial as

well as other cell types, has been shown to exert a multifunctional role in a variety of
tissues and cells (48–50), including the liver. Infusion of ET-1 in the isolated perfused
rat liver causes a sustained and dose-dependent increase in portal pressure associated
with increased glycogenolysis and oxygen consumption (51–53). ET-1 stimulates gly-
cogenolysis, phosphoinositide turnover, and repetitive, sustained intracellular calcium
transients in isolated rat hepatocytes (54,55). Other studies indicate that ET-1 may also
have important interactions with liver nonparenchymal cells. Cultured sinusoidal endo-
thelial cells isolated from rat liver have been shown to release ET-1 (56), and preferential
binding sites for ET-1 have been identified, both in vivo and in vitro (57,58), on HSC. As
previously mentioned, ET-1 induces a dose-dependent increase in intracellular free cal-
cium, coupled with cell contraction in this cell type. Importantly, activated rat and human
HSC have been shown to express preproET-1 mRNA (59,60) and to release ET-1 in cell
supernatants in response to agonists such as angiotensin II, PDGF, TGF-β, and ET-1 itself
(61), thus raising the possibility of a paracrine and autocrine action of ET-1 (62). ET-1 syn-
thesis in HSC is regulated through modulation of endothelin converting enzyme-1 (ECE-
1), the enzyme that converts precursor ET-1 to the mature peptide, rather than by modu-
lation of the precursor pre-proET-1 (63). Recent evidence suggests that upregulation of
56- and 62-kDa ECE-1 3'-untranslated region (UTR) mRNA binding proteins occurs in
HSC after liver injury and during activation in vitro (64). In addition, transforming growth
factor-β1, a cytokine integral to the wound healing reaction, stimulates ET-1 production
by inducing ECE-1 mRNA stabilization.

Overall, it is increasingly evident that the process of HSC activation and phenotypical
modulation is characterized by a close and complex relationship with the ET system. The
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ability to synthesize and release ET-1 is associated with a progressive shift in the relative
predominance of ETA and ETB receptors observed during serial subculture: ETA are pre-
dominant in the early phases of activation, whereas ETB receptors become increasingly
more abundant in “myofibroblast-like” cells (60,65). The upregulation of the ETB recep-
tor is prevented by the incubation of HSC with retinoic acid during the activation process
(66), thus confirming that increased expression of this receptor is part of the phenotypi-
cal modulation of HSC toward the “myofibroblast-like” phenotype.

The shift in the relative ET receptor densities may be directed at differentiating the pos-
sible paracrine and autocrine effects of ET-1 on HSC during the activation process. Indeed,
when HSC are provided with a majority of ETA receptors (early phases of activation),
stimulation with ET-1 causes a dose-dependent increase in cell growth, ERK activity,
and expression of c-fos. These effects, likely related to the activation of the Ras-ERK
pathway, are completely blocked by pretreatment with BQ-123, a specific ETA receptor
antagonist (60), and are in agreement with studies performed in other vascular pericytes
such as glomerular mesangial cells (67). Conversely, in later stages of activation, when the
number of ETB receptors increases, ET-1 appears to induce a prevalent antiproliferative
effect linked to the activation of this receptor subtype (68). In this setting, the activation
of the ETB receptor stimulates the production of prostaglandins, leading to an increase in
intracellular cAMP, which in turn reduces the activation of both ERK and JNK (69). In
addition, both cAMP and prostaglandins upregulate ETB binding sites, thus suggesting
the possibility of a positive-feedback regulatory loop. In addition, recent studies have fur-
ther defined the action of cAMP on the ET-1 receptor system. Cyclic AMP rapidly desen-
sitizes ETA in activated HSC and shifts their ET-1 responsiveness from picomolar to nan-
omolar concentrations with respect to Ca(2+) signals and HSC contraction. ETA desensi-
tization also occurs in response to prostaglandin E2, adenosine, or ETB stimulation (70).

Concerning the potential involvement of HSC in the development of portal hyperten-
sion, it is important to note that, at least in human HSC, ET-1-induced cell contraction
occurs at any stage of HSC activation (60). Because HSC contraction is always blocked
by ETA receptor antagonists and never reproduced by selective ETB agonists, it is con-
ceivable that the signaling pathways regulating HSC contraction require the activation
of a small number of ETA receptors and are somehow divergent from those regulating
cell growth.

In aggregate, these observations suggest that ET-1 may act as a potent vasoconstrictor
agonist regulating intrahepatic blood flow in cirrhotic liver with a potential role in the
pathogenesis of portal hypertension. Along these lines, morphological studies have clearly
indicated that ET-1 (both at mRNA and protein levels) is markedly overexpressed in dif-
ferent cellular elements present within cirrhotic liver tissue, and particularly in sinusoidal
endothelial and HSC in their activated phenotype located in the sinusoids of the regenerat-
ing nodules, at the edges of fibrous septa, and in the ECM embedding neoformed vessels
within fibrous bands (60). In addition, clinical studies indicate that a direct relationship
exists between ET receptor mRNA abundance and the degree of portal hypertension in
cirrhotic patients (71).

NO
NO is a small, relatively stable, free-radical gas that readily diffuses into cells and mem-

branes where it reacts with molecular targets (72). It is important to note that the precise
biochemical reactions, which are realized in any biological setting, depend on the concen-
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tration of NO achieved and often on subtle variations in the composition of the intra- and
extracellular milieu. Accordingly, the biological actions of NO are often defined as a
“double-edged sword.” NO may act as a key signaling molecule in physiological pro-
cesses as diverse as host defense, neuronal communication, and regulation of vascular
tone. On the other hand, excessive or not adequately regulated NO synthesis has been
implicated as causal or contributing to several pathophysiological conditions including
vascular shock, diabetes, and chronic inflammation. Although NO is characterized by a
very short half-life, its biochemical interactions with oxyradicals lead to the production
of longer-lived compounds such as peroxynitrite, with important local effects. NO is pro-
duced from L-arginine by one of the three isoforms of nitric oxide synthase (NOS). The
“constitutive” forms of NOS, which respond to changes in intracellular calcium concen-
tration and typically produces small amounts of NO, are expressed by endothelial cells
and in neurons, whereas a wide variety of other cells express the “inducible” form of this
enzyme, that binds calmodulin at virtually all calcium concentrations and produce remark-
ably higher amounts of NO. The constitutive forms are regulated by hypoxia, shear stretch,
or cytokines, whereas the inducible form is regulated by a large variety of stimuli includ-
ing cytokines and lipopolysaccharide.

Because the intraportal administration of the NOS inhibitor, Nω-nitro-L-arginine, in-
creases portal pressure (73), NO has been postulated to be a regulator of sinusoidal blood
flow in normal liver. Along these lines, in vitro and in vivo evidence indicate that SEC
express constitutive nitric oxide synthase (eNOS) and produce NO, and increase their pro-
duction in response to flow (74). However, an endothelial dysfunction associated with
a decreased production of NO in the intrahepatic microcirculation has been documented
extensively in cirrhotic liver (75,76), and these defects could directly contribute to the
increased intrahepatic resistance typical of portal hypertension. This view is supported
by experiments performed in vitro and in animal models by gene transfer of the neuronal
NO synthase isoform (nNOS) to sinusoidal endothelial cells or other perisinusoidal cells,
such as HSC (77). Expression of nNOS in rat HSC and sinusoidal endothelial cells resulted
in increased NO production, and, in HSC, in a reduction of ET-1-induced contractility.
Moreover, in two different rat models of cirrhosis and portal hypertension, transduction
of livers with recombinant Ad.nNOS significantly reduced intrahepatic resistance and
portal pressure.

As in the case of ET-1, circumstantial evidence for a relevance of NO in HSC biology
has derived from in vitro studies. Exogenous NO is able not only to prevent ET-1-induced
contraction and to relax precontracted cells, but also to reduce the expression of α-SMA
(78). In addition, interferon-γ and other cytokines with or without lipopolysaccharide,
as well as hyaluronan fragments induce the expression of the inducible form of NOS and
the production of NO in HSC (79,80). However, at least in human HSC, this effect is very
limited and the possibility of an autocrine action of NO in HSC appears merely specula-
tive. In addition to these effects on HSC contraction and contractile proteins, NO has been
shown to reduce the expression of procollagen type I mRNA and the secretion of the
encoded protein (79). Therefore, it is possible that NO may influence the progression of
portal hypertension by reducing the accumulation of fibrillar matrix in key areas such as
the fibrous septa, as suggested by evidence deriving from animal models of liver fibrosis
(81). It is also conceivable that the reduced synthesis of NO, typical of cirrhotic liver,
may further aggravate the fibrogenic progression of the disease and that administration
of orally active NO donors could be proposed as a potential antifibrogenic treatment, as



Chapter 2 / Cells in Portal Circulation 31

suggested by recent studies performed in human HSC (82) and in animal models of liver
fibrogenesis (83).

Studies employing patch-clamp techniques have provided additional information on
the role of membrane ion channels potential relevant for the action of vasoactive agents
in HSC. High-conductance Ca(2+)-activated K(+) [BK(Ca)] channels modulate the effects
of vasoactive factors in contractile cells. This channels were detected in activated human
HSC and may modulate the contractile effect of endothelin-1 and mediate the inhibitory
action of NO (84).

Other Vasoactive Agents
Several studies have evaluated the effects of naturally occurring vasodilators on HSC

contractility. These include atrial natriuretic peptide (ANP) (85) and C-type natriuretic
peptide (CNP) (86). Both of these agents have been shown to reduce HSC contraction in
response by ET-1 or thrombin. In addition, CNP is able to reduce HSC proliferation in-
duced by PDGF-BB (86).

In addition to ET-1, the potential involvement of other vasoconstrictors synthesized
and released within liver tissue has been suggested. Titos et al. (87) have reported that
in cirrhotic rat liver there is an increased synthesis of cysteinyl leukotrienes (LTs). In this
context, hepatocytes exhibit the greatest ability to generate cysteinyl-LTs. It is important
to note that these compounds elicit a strong contractile response in activated HSC. These
findings further reinforce the concept of an imbalance between vasoconstrictor and vaso-
dilator agents within the intrahepatic circulation of cirrhotic liver. Importantly, the con-
centration of vasoconstrictors acting on the intrahepatic microvasculature of cirrhotic
liver may increase as a consequence of clinical or subclinical events such as infections in
the peritoneal cavity, which are clearly associated with a worsening of portal hyperten-
sion and with an increased incidence of variceal bleeding (88). This possibility as well
other clinical possibilities, including the correct use of the drugs currently indicated in
the treatment of portal hypertension (89), should be carefully reconsidered in light of the
current knowledge on the cellular and molecular mechanisms of portal hypertension.
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THE INTRAHEPATIC MICROCIRCULATION
AND PORTAL HYPERTENSION

The intrahepatic circulatory system consists of three major microvascular components,
including: (1) the terminal portal venule (TPV) and hepatic arteriole; (2) the sinusoids
(corresponding to the capillary bed); and (3) the terminal hepatic venule (THV). Each
of the functional units in theory represents a putative resistance site. The major pre- and
postsinusoidal components have been presumed to reflect contraction of vascular smooth
muscle cells (TPV and THV). At the sinusoidal level, the major cellular components
include endothelial cells and stellate cells, either of which could have a regulatory role.
Dynamic changes in endothelial fenestrae have been demonstrated, and raise the possi-
bility that sinusoidal endothelial cells could be involved in blood flow regulation (1). From
an ultrastructural standpoint, stellate cells possess long and extensive cytoplasmic pro-
cesses that essentially encircle many if not all sinusoidal endothelial cells (2,3). This ana-
tomic relationship in the sinusoid suggests that stellate cells function as liver-specific
pericytes (pericytes are smooth muscle-like cells that are felt to control capillary blood
flow in a wide variety of tissues (4).

Portal pressure is proportional to resistance and flow according to Ohm’s law: Δ P =
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 and portal
hypertension has been postulated to include components of each increased intrahepatic
resistance, as well as increased flow through the splanchnic system (i.e., a hyperdynamic
circulation). The level of increased resistance to flow varies with specific forms of liver
disease and may occur at presinusoidal or postsinusoidal levels as in schistosomiasis and
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venoocclusive disease, respectively. Many forms of liver injury result in “sinusoidal”
portal hypertension. Postulated mechanisms for altered blood flow patterns in this pro-
cess include regenerative nodules, intrahepatic shunts, and hepatocyte swelling (5–9).
Furthermore, extinction of typical vascular units after injury and repair (10) may lead to
increased intrahepatic resistance.

Stellate Cells and Their Contractility
From a conceptual view, the major cellular components capable of causing increases

in intrahepatic resistance, and thus sinusoidal portal hypertension, include sinusoidal
endothelial cells and stellate cells. Indeed, abundant in vitro data indicate that stellate cells
contract (11–13). Additionally, their contractility is enhanced after injury. This enhanced
contractility appears to be related to dramatic upregulation of smooth muscle α actin,
among other smooth muscle proteins (9). These proteins appear to supply the cellular
mach-inery necessary for contraction. Furthermore, studies utilizing in vivo microscopy
further indicate that stellate cell contraction plays an important role in modulating sinu-
soidal dynamics (14,16) and, moreover, that activated stellate cells, in particular, con-
tribute to the elevated intrahepatic resistance typical of cirrhotic liver (9,15).

A number of compounds have been shown to modulate stellate cell contractility in iso-
lated culture systems (Table 1). Available evidence indicates that the family of endothelins
are the most prominent inducers of stellate cell contraction (17,18). Endothelin receptors
are detectable on all cell types in rat liver, but are far more numerous on stellate cells than
on other hepatic cells (endothelial, Kupffer cells, and hepatocytes) (19–21). After perfu-
sion of the most prominent endothelin species, endothelin-1 (ET-1), into the liver, its local-
ization is consistent with binding to stellate cells (9.22). These data indicate that stellate
cells are the major target of endothelin in the liver.

Substances that counter stellate cell contractility include nitric oxide (NO) (23) and car-
bon monoxide (CO) (24,25). NO, in particular, has been shown to be a potent inhibitor of
stellate cell contractility (23). Eicosanoids have also been shown to have potent effects on
stellate cells, mediating relaxation (as well as contraction) (26).

Table 1
Agents with Effects on Stellate Cell Contraction

Contract Relax

Endothelin (1, 2, 3) Nitric oxide (NO)
Angiotensin II Carbon monoxide (CO)
Thrombin PGE2

Vasopressin Lipo-PGE1

Prostaglandin F2α PGI2 (prostacyclin)
U46619 (Thromboxane A2) Adrenomedullin
LPA
Substance P
PAF
Adenosine
Serum
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Vascular Mediators and Their Biology
VASOCONSTRICTORS

Of the multiple known vasoconstrictors, the endothelins appear to have the most prom-
inent effects in the liver. This family of vasoconstrictors is, therefore, reviewed in the
most detail.

Endothelins
Introduction: The endothelins comprise a family of potent vasoconstrictors (27),

made up of three unique peptides, termed endothelin-1 (ET-1), endothelin-1 (ET-2), and
endothelin-1 (ET-3) (28,29). These 21-amino-acid peptides bind to at least two G-pro-
tein–coupled receptors termed endothelin A (ETA) and endothelin B (ETB) receptors (30,
31). Endothelins are typically produced by endothelial cells and exert paracrine effects
on adjacent smooth muscle cells. However, they can also be produced by other cell types.

Endothelin Synthesis and Regulation: The regulation of ET-1 production is complex.
ET-1 appears to be regulated, at least in part, at the level of preproendothelin-1 mRNA tran-
scription (32–35). The expression of preproendothelin-1 is stimulated by a variety of extra-
cellular stimuli, including vasopressor hormones such as epinephrine, angiotensin II,
and vasopressin, shear stress, ET-1 itself, and cytokines such as interleukin-1. In vascu-
lar endothelial cells, once ET-1 is produced, it is secreted in a constitutive manner, with-
out regulation at the level of exocytosis (36). The endothelin peptides arise by proteolytic
processing of large precursors (approx 200-amino-acid residues) by furin-like enzymes,
a step that appears to be relatively nonspecific. Intermediates termed big ET-1, -2, and
-3 (38–41 aa) are excised from prepropeptides by proteases that cleave at sites containing
paired basic amino acids. Big endothelins, which have little or no biologic activity, are
cleaved at Trp-21-Val/Ile-22 to produce mature 21-residue, biologically active, peptides.
The enzyme responsible for the specific cleavage at Trp-21 has been termed endothelin
converting enzyme (ECE); it is a neutral membrane-bound metalloprotease with Mr = 120
kDa, belonging to the endopeptidase-24.11 family found in brain (37–39).

Two isoforms of ECE have been cloned and termed ECE-1 and ECE-2 (39,40). ECE-
1 and ECE-2 are similar in that they convert big ET-1 more efficiently than big ET-2 or
big ET-3 (39,40). The ECE isoforms appear to be functionally distinct in that ECE-2 has
an acidic pH optimum (pH 5.5 in contrast to the neutral pH optimum of ECE-1) and ECE-
2 is much more sensitive to inhibition by phosphoroamidon than is ECE-1. Additionally,
several alternatively spliced variants of ECE-1, exist and may exhibit distinct intracel-
lular sorting patterns (although this point is controversial), implying specific functional
consequences of each pattern (41). ECE-1b has been reported to exist primarily in endo-
thelia, whereas ECE-1a has been identified in cultured smooth muscle cells (42).

Endothelin Receptors: The two known endothelin receptor subtypes (ETA and ETB)
mediate a range of biologic effects (43). ETA receptors are found predominantly on vas-
cular smooth muscle cells and are preferentially activated by ET-1. Rank order affinities
are ET-1 > ET-2 >>> ET-3; the affinity of ET-1 for the ETA receptor is more than 100-fold
that of ET-3 (30,43–45). ETB receptors are widely distributed and have equal affinity
for ET-1, ET-2, and ET-3 (30,43–45). ETB receptor stimulation appears to bring about
divergent responses, depending on the cell type expressing the receptor. Stimulation of
ETB receptors on endothelial cells results in NO release and vascular smooth muscle
relaxation. It has been proposed that endothelium-dependent relaxation and smooth
muscle vasoconstriction mediated by the ETB receptor are brought about by two differ-
ent ETB receptors on smooth muscle cells, termed “ETB1 “ and “ETB2,” respectively (46).
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Other ET receptors have been proposed, such as ETC and ETAX receptors, found in Xeno-
pus dermal melanophores and Xenopus heart, respectively (47,48). These receptors have
approx 50–60% homology to ETA/ETB receptors, and appear to be preferentially activated
by ET-3 (affinity ET-3 >> ET-1 > ET-2). Finally, a “super-high affinity” receptor related
to ETB has been proposed based on binding studies (49).

Regulation of Endothelin in Wound Healing and Liver Injury: A key feature of injury
and wound healing is increased production (and interaction) of multiple different com-
pounds such as cytokines, growth factors, and peptides (50). For example, TGF-b1 pro-
duction during liver injury is increased in injured tissue (51); this cytokine, in turn, plays
an important role in mesenchymal cell-mediated fibrogenesis. Recent data suggest that
other compounds, such as biologically active peptides, are also part of the injury and
wounding response. Indeed, a large body of work now indicates that the endothelins are
involved in the wound-healing response; abundant evidence indicates that endothelin-1
levels are elevated in diverse forms of injury and wound-healing including in patients with
cirrhosis (52–63). Available data further indicate that the source of ET-1 is the injured
tissue (i.e., as in the liver) itself (52,64).

The mechanism underlying the increased production of endothelin in the injured liver
is complex. In the normal liver, endothelin is produced primarily by endothelial cells;
after injury, however, endothelin is derived largely from stellate cells (Fig. 1). In the
liver, production of precursor ET-1 is increased in stellate cells after injury (65). Further-
more, endothelin production appears to be closely tied to ECE-1 (66). ECE-1 levels in
stellate cells is increased at least in part because ECE-1 mRNA is stabilized via 3' UTR
binding proteins (67). The regulation of ECE-1 in this system is remarkably complex. For
example, transforming growth factor β mediates increased production of ET-1 after liver
injury and stellate cell activation, in part by ECE-1 stablization (67).

The Role of Endothelin in Regulation of Intrahepatic Resistance: The importance of
endothelins in portal hypertension and regulation of intrahepatic resistance liver disease
has been emphasized in a number of recent studies. First, the data emphasizing the potent
effect of ET-1 on isolated stellate cells support this role. Additionally, in vivo microsco-
pic data suggest an important role in intrahepatic microvascular dynamics. After perfu-
sion of ET-1 into the liver, it localizes to stellate cells (9,68), suggesting that stellate cells
are the major target of endothelin in the liver. Furthermore, data demonstrating that inhi-
bition of ET-1 signaling reduces portal pressure suggests an important role for ET-1 in
intrahepatic resistance and the pathogenesis of portal hypertension (9,69,70). Finally, in
vivo physiologic data indicate that perfusion of ET-1 into the liver has a potent effect on
sinusoidal constriction (14,71–73).

Angiotensin. Angiotensin II, produced by cleavage of angiotensin I to angiotensin II
by angiotensin converting enzyme (ACE), has multiple biologic activities (74). Angioten-
sin II synthesis is a result of the action of renin–angiotensin–aldosterone system (RAAS).
In this pathway, renin converts the inactive plasma protein, angiotensinogen, into angio-
tensin I. The mature active peptide, angiotensin II, has prominent effects on vascular
smooth muscle cells, resulting in contraction, proliferation, and extracellular matrix syn-
thesis. Angiotensin II binds to angiotensin receptors on smooth muscle cell receptors,
known as AT1 and AT2 receptors (75). The known physiologic effects of angiotensin II
appear to be mediated by the AT1 receptor.

The role of angiotensin II in liver is linked to the finding that stellate cells possess AT1
receptors and that its binding induces cellular contraction and proliferation (76). Fur-
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Fig. 1.Endothelin synthesis in normal and injured liver. Under normal conditions, control of endothe-
lin synthesis in the sinusoid mirrors that in the systemic vasculature. Hormones, other vascular medi-
ators, and flow conditions appear to modulate precursor endothelin-1 synthesis in endothelial cells.
In this state, proteolytic processing of precursor endothelins leads to production of mature endothe-
lin-1. Endothelin-1 then has paracrine physiologic effects on neighboring stellate (or smooth muscle)
cells. After liver injury, stellate cell undergo “activation” (see text for details) and synthesis of endo-
thelin-1 shifts dramatically to activated stellate cells. The mechanism underlying enhanced endothelin-
1 synthesis appears to largely involve up-regulation of ECE-1, the enzyme responsible for conversion
of big endothelin-1 to the mature peptide. In the injured liver, a host of factors, including components
in the wounding milieu such as TGF-β, endothelin-1 itself, and other elements are likely to modulate
endothelin-1 synthesis. Endothelin-1 in turn has prominent effects on key cellular effectors. Notably, other
vasoactive mediators may ultimately be found to have parallel regulatory pathways. From Ref.18.
(Illustration appears in color following p. 112.)
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thermore, recent evidence suggests that the major cellular source of angiotensin II in the
liver is the stellate cell (via synthesis of angiotensinogen and expression of ACE) (77).
Moreover, its synthesis is upregulated after liver injury, apparently because of pronounced
upregulation of ACE (77). Thus, in the injured liver, increased local production of angio-
tensin II appears to parallel that for endothelin synthesis and the primary effect of angio-
tensin II in the liver appears to be in extracellular matrix synthesis and wound healing
(78–80). The role of angiotensin in intrahepatic vasoregulation is less well defined. Two
recent studies, each in small numbers of cirrhotic patients, found that the angiotensin II
receptor antagonist, losartan, had divergent effects on portal pressure (81,82).

Eicosanoids. The eicosanoids represent a family of arachidonic acid derivatives that
arise from the action of diverse enzymes. The compounds have received great attention
in many aspects of general vascular biology, suggesting that they are also likely to be
important in hepatic vascular homeostasis. A number of constrictor compounds have been
described, including the leukotrienes (products of 5-lipoxygenase), thromboxane (Tx)A2,
PGF2a, and epoxyeicosatrienoids (EETs). Unfortunately, the cell biology surrounding
their synthesis, regulation of the pathways responsible for their production, and specific
cellular effects in the liver are currently poorly understood.

Although the data are limited, it appears that eicosanoids may have in vivo physiologic
effects. For example, administration of 8-iso-PGF2a to isolated cirrhotic rat livers resulted
in increased portal pressure (83). Such data suggest that eicosanoids, derived from oxi-
dative injury in vivo, could modulate intrahepatic resistance.

Catecholamines. Extensive research indicates that catecholamines have profound
effects on vascular smooth muscle (by virtue of binding to a well-defined group of G pro-
tein–coupled receptors classified as a or b and in the vasculature. In addition, they have
important vascular effects within the liver (84). However, as with prostanoids, the cell
biology of this system in the liver is not well understood. Finally, it should be empha-
sized that catecholamines appear to function largely as circulating hormones, whereas
the majority of other vasoactive compounds (i.e., ET-1, NO, CO), act in a paracrine or
autocrine fashion.

Others. A number of vasoactive compounds have vasoconstrictive (and relaxing)
effects in a variety of circulatory beds and it is likely that they are active in the liver. Such
compounds include purinergic agents (adenosine, serotonin, and so on), adrenomedullin,
arginine vasopressin, substance P, urotensin-II, atrial natriuretic peptide (ANP), and as yet
unidentified factors. However, their function and biology requires further investigation.

VASODILATORS

Multiple vasorelaxing substances have been identified in the vascular bed, several of
which appear to be important in the liver. NO has received the greatest attention; it is
therefore emphasized.

NO
Introduction: NO is produced from L-arginine by one nitric oxide synthase (NOS)

(85). As of this writing, three isoforms, encoded by at least three different genes, have
been identified (86–88) and fall into two families of enzymes. Endothelial cells (eNOS)
and neurons (nNOS) each contain “constitutive” NOS, whereas the inducible form (iNOS)
is found in a wide variety of cells (85).

NOS and Regulation: Recent evidence indicates that regulation of NOS expression
is complex. Regulation occurs at both transcriptional and posttranslational levels. Multi-
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ple factors stimulate transcription of iNOS (85). Although nNOS and eNOS have often
been reported to be “constitutive” isoforms, their levels may be modulated (89–93). For
example, eNOS mRNA expression is increased by shear stress, and shear stress response
elements have been identified in the eNOS promoter (94). The regulation of eNOS is
particularly complex as it is extensively regulated by posttranslational interactions and
events (95–102). For example, caveolin-1, the major protein found in caveolae interacts
with eNOS and reduces its activity (95–97). Additionally, the protein kinase, Akt (also
known as protein kinase B or PKB), phosphorylates eNOS and stimulates its activity
(98) (Fig. 2).

The Role of NO in Regulation of Intrahepatic Resistance: NO has diverse biologic
effects, including its prominent role in the vasculature (85). NO is produced by eNOS
in endothelial cells; abnormalities in endothelial production of NO have been described
in a number of disorders including in atherosclerosis, diabetes, and hypertension (85).
Furthermore, mice lacking eNOS exhibit elevated basal blood pressure, emphasizing the
critical role of this enzyme in vascular homeostasis (103).

In the liver, sinusoidal endothelial cells produce NO (104), and production increases
in response to flow (105). In vivo physiologic studies, as well as those examining isolated

Fig. 2.Signaling pathways in sinusoidal endothelial cells. A simplified version of NO signaling path-
ways is shown. NO is produced after activation of eNOS. Although NO production has been typically
thought to be triggered by changes in intracellular Ca2+ and activation of Ca2+/calmodulin follow-
ing stimulation by agonists, eNOS activity is eNOS is extensively post-translationally modified, and
its activity can be modulated by many factors. For example, it can be activated and NO synthesis trig-
gered via a signaling pathway involving phosphatidylinositol-3-OH kinase (PI-3-K) and the serine-
threonine kinase, AKT. AKT phosphorylation, stimulated by factors such as shear stress and growth
factors, leads to eNOS phosphorylation and NO production. Not shown is the effect of NO, in which
it binds to guanylate cyclase and leads to production of cGMP which in turn leads to dephosphoryla-
tion of myosin and cellular relaxation. From Ref. 18. (Illustration appears in color following p. 112.)
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cells, emphasize that NO clearly modulates intrahepatic resistance (25,105–107), and
see ref. 108 for review). One of the most important contributions in the field is the finding
that endothelial cell synthesis of NO is reduced in the injured liver (104).

A growing body of work has focused on this cellular defect in the injured liver. Inter-
estingly, ecNOS mRNA and protein levels are unaltered after liver injury; thus, the defect
in endothelial-derived NO production appears to be related to its extensive posttransla-
tional modifications (104) (Fig. 2), in particular after injury to sinusoidal endothelial
cells. For example, increased binding of caveolin to ecNOS in the injured liver is asso-
ciated with reduced ecNOS activity (109). The finding that caveolin-1 protein levels are
markedly increased in the cirrhotic liver (109) supports the possibility that such post-
translational modification of ecNOS is important in portal hypertension.

CO. CO can stimulate guanylate cyclase and cGMP production, leading to smooth
muscle relaxation, although the potency that which CO stimulates cGMP production is
less than for NO (110,111). Thus, CO may play a role in regulation of vascular resistance,
in a fashion analogous to NO. The highly conserved enzyme, heme oxygenase (HO), is
responsible for breakdown of heme into equimolar amounts of biliverdin, iron, and CO.
Three HO isoforms (HO-1,-2,-3) have been identified. The most prominent isoform, HO-
1, can be induced (by heme, other metalloporphyrins, transition metals, and stimuli that
induce cellular stress). In contrast, HO-2 is present mainly in the brain and testes and is con-
stitutively expressed. The biologic importance of HO-3 remains unclear.

Endogenously produced CO appears to serve as a vasorelaxant in the hepatic sinusoid
(25). Furthermore, CO-dependent dilation in the sinusoid appears to co-localize with
hepatic stellate cells (24). Overexpression of CO in the liver reduces intrahepatic vascu-
lar resistance (24). Interestingly, within the sinusoid, expression of HO-1 appears to be
localized largely to Kupffer cells, particularly in the cirrhotic liver (112) and raises the
possibility of paracrine signaling of CO for stellate and endothelial cells.

Prostaglandins. A number of prostaglandins with relaxing capability have been de-
scribed. These include PGD2, PGE2, and PGI2 (prostacylcin) PGD2, each of which is pro-
duced in the liver, but also which appear to be reduced after liver injury and in cirrhosis,
consistent with the tendency toward increased intrahepatic vasoconstriction (26). PGI2 in
particular is produced by endothelial cells, and has effects on stellate cells (11); it appears
to lead to vasodilation of the hepatic microcirculation. PGE2 species are also produced
by endothelial cells, and like PGI2, have effects on stellate cells (11) and also appear to have
vasodilatory effects in the liver. However, their cell and molecular biology in the liver
is poorly understood.

Cannabanoids. Recent studies have demonstrated that the endogenous cannabinoid
anandamide causes vasodilation and systemic hypotension when administered to anes-
thetized rats. When administered to normal rat liver, anandamide caused an increase in
portal flow and portal venous pressure (113). Notably, the rise in portal pressure was less
than expected given the increase in portal flow, suggesting that anandamide decreases
resistance to flow through the hepatic sinusoids. Additionally, in rats with experimen-
tally induced cirrhosis, their (low) blood pressure was elevated by a specific cannabanoid
(CB1) receptor antagonist (114). These data suggest that anandamide and vascular CB1
receptors further play an important role in the vasodilated state in advanced cirrhosis.

Other. A number of other compounds such as bradykinin, vasoactive intestinal pep-
tide, histamines, and acetylcholine, to name a few have been suggested to have effects
in the liver. Again however, their cell and molecular biology is not well established.
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CELL AND MOLECULAR MECHANISMS
AND INCREASED INTRAHEPATIC RESISTANCE

The bulk of the data indicate that with liver injury significant vascular abnormalities
exist. Such abnormalities are particularly prominent in the sinusoidal endothelium. In
this setting, it appears that an imbalance between vasoconstrictive and vasorelaxing sub-
stances occurs (Fig. 3). NO and endothelin-1 are prominent, and serve as a biologically
important paradigm. However, other vasoactive compounds play an important role. Not
only is ET-1 overproduced in the injured liver (64,67), but NO release by sinusoidal endo-
thelial cells is reduced after cirrhosis (104,105). In the setting of a reduction in other
vasodilators (prostanoids and, perhaps, CO) and increases in other vasoconstrictors, an
endothelialopathy contributes to portal hypertension. Furthermore, given the prominent
increase in stellate cell contractility after liver injury, the data highlight a series of poten-
tial molecular mechanisms underlying the well-described increased intrahepatic resis-
tance typical of liver injury. The hemodynamic correlate of these cell and molecular events
in portal hypertension.
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INTRODUCTION

Portal hypertension due to cirrhosis is associated with a chronic hyperkinetic syndrome
(1–3). This syndrome is characterized by elevated cardiac output, low arterial pressure,
and low systemic vascular resistance (2,3). Splanchnic circulation is also hyperdynamic,
i.e., blood flow is elevated and vascular resistance is low in arteries that supply splanchnic
organs (1,4). Systemic and splanchnic alterations are interrelated: decreased systemic
vascular resistance (systemic vasodilation) is largely due to the decrease in splanchnic
arterial resistance (splanchnic vasodilation) (5). Finally, in cirrhosis, there is in vivo and
ex vivo arterial hyporeactivity to different receptor-dependent and -independent vaso-
constrictors (6–14). A hyperkinetic syndrome also occurs in extrahepatic portal hyper-
tension (15), but it is less marked than that observed in cirrhosis.

The aim of this chapter is to summarize recent progress in understanding molecular
mechanisms underlying cirrhosis-associated arterial alterations in systemic and splanch-
nic territories.

NITRIC OXIDE (NO)

An arterial overproduction of the vasorelaxant NO plays a major role in the pathogen-
esis of systemic and splanchnic arterial alterations in patients with cirrhosis and in portal
hypertensive rats (16–49).
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CONSEQUENCES OF NO OVERPRODUCTION IN ARTERIAL SMOOTH MUSCLE

Under normal conditions, vasoconstrictors such as angiotensin II, norepinephrine, endo-
thelin-1, and vasopressin are extracellular signals that must bind cognate surface receptors
to induce effects in arterial smooth muscle cells (SMCs) (50). Receptors for vasoconstric-
tors have seven-transmembrane configuration and belong to the superfamily of guanine
nucleotide-binding protein (G protein)–coupled receptors (GPCR) (51). Receptors for
vasoconstrictors are AT-1 receptors for angiotensin II, α1-adrenoceptors for norepineph-
rine, ET-A or ET-B receptors for endothelin-1, and V1a-receptor for vasopressin (50,52).
GPCR used by vasoconstrictors are coupled to heterotrimeric G proteins, i.e., G proteins
that are composed of three polypeptide subunits denoted α, β, and γ (53). The G protein
subunit that binds and hydrolyzes GTP is the Gα subunit (51). The Gα subunits used to
relay constrictor signals are Gαq or Gα11 subunits of the Gq class (54). Engagement of
receptors activate G proteins that stimulate intracellular effectors. One of these effectors
is the plasma membrane phospholipase C (PLC)-β, which hydrolyzes phosphatidylinos-
itol 4,5-biphosphate to give the soluble messenger inositol 1,4,5-trisphosphate (IP3), which
diffuses in the cytosol, and the endogenous protein kinase C (PKC) activator diacylglyc-
erol (DAG), which remains in the plasma membrane (50–54). In the cytosol, IP3 binds to
and activates IP3 receptor, which is located in the membrane of the sarcoplasmic reticu-
lum. IP3 receptor activation causes intracellular Ca2+ mobilization, from the sarcoplas-
mic reticulum to the cytosol (50,54). This causes increased cytosolic free Ca2+ concen-
trations ([Ca2+]i) (54,55). Then, increased [Ca2+]i induces PKC translocation (which is a
first step of PKC activation) from cytosol to the plasma membrane where the enzyme is
further activated by DAG (54–56). Activated PKC plays a crucial role in agonist-induced
sustained SMC contraction. Indeed, it stimulates the entry of extracellular Ca2+ by directly
activating plasmalemmal voltage-dependent Ca2+ channels (L-type Ca2+ channels) (55).
PKC is also known to activate L-type Ca2+ channels by inducing membrane depolarization
(50). Enhanced Ca2+ entry contributes to increased [Ca2+]i (50–56). Then, the complex
Ca2+/calmodulin stimulates myosin light-chain kinase to phosphorylate myosin light chain
(MLC) (55). Phosphorylated MLC causes SMC contraction. In addition to its effect on the
Ca2+-dependent pathway, activated PKC may sensitize the contractile apparatus to Ca2+

by inhibiting myosin phosphatase (55). Among PKC isoforms, two are important for SMC
contraction: PKC-α (a classic PKC which is dependent on Ca2+ and DAG) and PKC-δ
(which does not depend on Ca2+) (57).

Portal hypertension-associated hyporeactivity to vasoconstrictors is mainly due to
NO (10,19–21,23,25,26,28,36,37,39,40,43,44). The molecular mechanisms of NO-in-
duced portal hypertensive SMC hyporesponsiveness are not well understood (50,52,58).
In normal SMC, NO stimulates soluble guanylyl cyclase to produce the second messen-
ger cyclic 3',5'-guanosine monophosphate (cGMP) (59). cGMP then activates a cGMP-
dependent serine–threonine protein kinase called PKG (59). PKG has been shown to
inhibit the GPCR/Gq/11/PLC-β signaling pathway used by vasoconstrictors. Indeed, PKG
may phosphorylate GPCR and thereby uncouple the receptor and G-proteins (58). PKG
may also bind to and phosphorylate regulator of G-protein signaling-2 (RGS-2), which
increases GTPase activity of Gq/11, terminating vasoconstrictor signaling (60). PLC-β
may also be inhibited by PKG in COS cells, although the significance of this pathway
in vivo is unknown (61). In portal hypertensive SMC, one of these mechanisms, or more,
may be used by NO to inhibit the vasoconstrictor-elicited membrane transduction path-
way leading to PKC activation. Indeed, in portal hypertensive arteries, there is a decrease
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in the ex vivo production of IP3 and DAG in response to vasoconstrictors using GPCR
(62). Moreover, in portal hypertensive aortas, PKC-α protein levels are decreased in vivo
(63–65). In addition, under ex vivo conditions, in normal aortas, there is a significant
decrease in translocation (i.e., activation) of PKC-α and PKC-δ in response to phenyle-
phrine (64). Moreover, ex vivo enzymatic activities of PKC-α and PKC-δ are signifi-
cantly decreased in cirrhotic SMC (64).

In normal arteries, the NO/cGMP/PKG may relax SMC through several other mecha-
nisms leading to decreased [Ca2+]i. (reviewed in refs. 50 and 58). First, PKG is known
to decrease intracellular Ca2+ release by inhibiting the IP3 receptor. Second, PKG may
phosphorylate and activate plasmalemmal high-conductance, Ca2+-sensitive K+ (BKCa)
channels. This causes membrane hyperpolarization, which inhibits L-type Ca2+ channels
and decreases Ca2+ entry. PKG may also decrease Ca2+ entry by directly inhibiting L-type
Ca2+ channels. Finally, PKG may favor Ca2+ extrusion outside the cytosol, by stimulating
Ca2+-ATPases located in the plasma membrane and in the membrane of the sarcoplasmic
reticulum. On the other hand, PKG may phosphorylate and activate myosin phosphatase,
an effect known to cause desensitization of the contractile apparatus to Ca2+ (58). None
of these mechanisms have been investigated in portal hypertensive SMC.

In portal hypertension, ex vivo arterial hyporeactivity to vasoconstrictors may differ
from one vascular bed to another. For example, in cirrhotic rats, hyporeactivity occurs
in the aorta and the superior mesenteric artery whereas reactivity to vasoconstrictors is
normal for the carotid artery (39).

The endothelium-denuded human hepatic artery from cirrhotic patients exposed ex
vivo to several receptor-dependent vasoconstrictors is hyporeactive to certain vasocon-
strictors but not to others (66–68). This suggests that, in addition to endothelium-depen-
dent mechanisms (see below), alterations may occur within SMC.

ROLE OF NITRIC-OXIDE SYNTHASES (NOSS) IN PORTAL HYPERTENSION

NOSs are hemoproteins that produce NO from L-arginine (see reviews in refs. 69 and
70). There are three isoforms of NOS that are regulated by distinct genes. Neuronal NOS
(nNOS), also known as NOS-1, is found in neuronal and some nonneuronal tissues. Indu-
cible NOS (iNOS or NOS-2) was first found in macrophages but has been identified in
other cell types (e.g., SMC). Endothelial NOS (eNOS or NOS-3) was first identified as
the enzyme-producing endothelium-derived relaxing factor. Both nNOS and eNOS are
constitutively expressed. iNOS is not a constitutive enzyme and its expression may be
induced by stimuli such as lipopolysaccharide (LPS, endotoxin) or proinflammatory cyto-
kines [i.e., tumor necrosis factor alpha (TNF-α), interleukin-1, and interferon-γ]. A role
of the three NOS isoforms has been suggested in portal hypertension.

Increased NOS Activity as an Adpatation to High Arterial Blood Flow. In nor-
mal rats, chronic exercise induces a sustained increase in cardiac ouput causing chronic
increases in shear stress forces perceived at the surface of arterial endothelial cells (71).
In response to chronic shear stress, there is an increase in the expression and catalytic activ-
ity of eNOS. Endothelial NO is a gas which diffuses rapidly in underlying SMC to induce
their relaxation allowing an increase in vessel diameter and a reduction in the vascular
resistance to elevated arterial flow (69). In portal hypertension, NO-induced arterial hypo-
reactivity occurs in vascular beds with high blood flow (see above) (39). Moreover, in
portal hypertensive rats, high cardiac output is associated with increased in vivo aortic
levels of eNOS mRNA (44) and eNOS protein (44,72). Interestingly, among portal hyper-
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tensive rats, aortic eNOS protein is significantly higher in cirrhotic than in portal vein–
stenosed rats (72). In both models of portal hypertension, a 7-d administration of the non-
selective β-blocker, propranolol (which is known to significantly reduce cardiac output),
induces a significant decrease in in vivo aortic eNOS mRNA (44), in eNOS protein (44,
72), and in ex vivo aortic NOS activity (44,72). Finally, in portal vein–stenosed rats treated
with propranolol, there is normalization of ex vivo aortic reactivity to vasoconstrictors
(44). Together, these findings suggest that portal hypertensive aortas exposed to chronic
shear stress overexpress eNOS in vivo, which plays a role in increased NO production.
In the mesenteric vasculature of portal hypertensive rats, there is an in vivo increase in
eNOS protein levels (40), which is probably related, at least in part, to high mesenteric
blood flow. However, this hypothesis has not yet been verified, for example, by evalu-
ating the effects of the nonselective β-blockade-induced reduction in mesenteric hyper-
dynamic circulation on the local level of eNOS expression.

In normal animals, there is evidence that shear stress controls eNOS mRNA transcrip-
tion (by modulating eNOS promoter activity) and also regulates posttranscriptional pro-
cesses that determine eNOS mRNA stability (73). These mechanisms have not yet been
studied in portal hypertension.

Under physiological conditions, shear stress is also known to regulate eNOS through
posttranslational mechanisms involving interaction of eNOS with other proteins such as
caveolin-1, calmodulin, and the chaperone heat shock protein 90 (Hsp90) (reviewed in
refs. 74–76). Caveolin-1 inhibits eNOS whereas calmodulin and Hsp90 stimulate eNOS
activity. Endothelial cells express a plasmalemmal small-conductance, Ca2+-sensitive
K+ (SKCa) channel whose opening is induced by shear stress (77). SKCa channel opening
induces endothelial membrane hyperpolarization, which favors the entry of extracellu-
lar Ca2+ through voltage-independent Ca2+ channels. The resulting Ca2+ entry increases
[Ca2+]i. Then, Ca2+ binds to calmodulin and the complex Ca2+/calmodulin binds to eNOS
and activates the enzyme by displacing the inhibitory protein caveolin-1 (74–77). In cir-
rhotic rat aortas, endothelial SKCa channels are overexpressed and overactive (78). Indeed,
in cirrhotic aortas, selective SKCa channel blockade induces significant decreases in ex
vivo eNOS activity and hyporeactivity to vasoconstrictors (78). Thus, in cirrhosis, activa-
tion of endothelial SKCa channels may be used by shear stress to stimulate the Ca2+/cal-
modulin/eNOS pathway. It should be emphasized that the levels of protein expression
of caveolin-1 and calmodulin have not yet been studied in portal hypertensive vessels.

Under normal conditions, fluid shear stress may induce Hsp90 (74,75). Moreover, shear
stress stimulates the binding of eNOS to Hsp90, and Hsp90 increases eNOS activity in
a concentration-dependent manner (74,75). In aortas, in vivo Hsp90 protein levels are
significantly higher in portal hypertensive rats than in normal rats (72). Hsp90 levels are
significantly higher in cirrhotic aortas than in portal vein-stenosed aortas (72). Hsp90
regulation of endothelial nitric oxide synthase contributes to control of mesenteric vas-
culature in portal vein–stenosed rats (43). Together, these findings suggest that, in portal
hypertensive aortas, under in vivo conditions, enhanced shear stress uses Hsp90 to stim-
ulate eNOS catalytic activity.

Under normal conditions, shear stress–induced posttranslational regulation of eNOS
activity may occur not only through protein–protein interactions but also via protein phos-
phorylation (reviewed in refs. 75 and 76). For example, shear stress may activate the serine/
threonine kinase Akt, which phosphorylates eNOS at serine 1177 (Ser1177). Ser1177 phos-
phorylation is known to stimulate eNOS catalytic activity. Shear stress may also induce
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eNOS phosphorylation at residues other than Ser1177. However, eNOS phosphorylation
and its regulation have not yet been investigated in cirrhotic aortas.

NOS Activity as a Cause of High Arterial Blood Flow. There is evidence that eNOS
may initiate hyperdynamic circulation in portal hypertension. In portal vein–stenosed
rats, vasoconstriction of the superior mesenteric artery is the earliest hemodynamic event
that precedes by 4–5 d the development of hyperkinetic circulation (49). In arteries, vaso-
constriction per se may induce shear stress and activate eNOS catalytic activity. In fact,
an increase in mesenteric eNOS activity becomes evident as early as 10 h after portal
vein stenosis (49). NO overproduction by eNOS precedes hyperdynamic circulation in
portal vein–stenosed rats (41). Interestingly, an Akt-dependent eNOS phosphorylation at
Ser1177 may contribute to the early increase in eNOS activity after portal vein stenosis (46).
Together, these findings suggest that mesenteric arterial vasoconstriction plays a triger-
ring role in the upregulation of eNOS catalytic activity in the superior mesenteric artery
of portal vein–stenosed rats. This early eNOS overactivity may play a causal role in the
subsequent development of splanchnic hyperdynamic circulation. Studies are needed to
determine whether early vasoconstriction and subsequent eNOS upregulation occur in the
splanchnic circulation of cirrhotic rats.

A key role for eNOS in the development of hyperdynamic circulation is also suggested
by the finding that the hyperkinetic syndrome occurs in portal vein–stenosed mice lack-
ing eNOS (eNOS−/−) but not in portal vein–stenosed mice lacking iNOS (79). However,
this hypothesis is not supported by the results of another study showing that hyperkinetic
syndrome induced by portal vein stenosis occurred in eNOS−/− mice lacking eNOS or
in those lacking both eNOS and iNOS (double knock-out mice) (80). In addition, in rats
that received an NOS inhibitor, systemic and splanchnic vascular resistance remains sig-
nificantly lower in portal hypertensive animals than in controls (27,35). Nevertheless,
these studies do not rule out a central role of eNOS in the hyperkinetic syndrome because
compensatory vasodilators may replace NO to induce this syndrome in portal hyperten-
sive animals (see below).

Endothelial NOS may be activated by stimuli other than shear stress. For example, endo-
thelin-1–induced activation of endothelial ET-B receptors may stimulate eNOS by increas-
ing [Ca2+]i (81). On the other hand, in endothelial cells, eNOS is known to be inhibited by
the interaction with unstimulated ET-B receptors (75,76). Stimulation of ET-B receptors
by endothelin-1 may induce the dissociation of eNOS from the ET-B receptor and an increase
in NO production (75,76). Because plasma endothelin-1 concentrations are increased in
cirrhosis (82), an ET-B-receptor–mediated pathway might contribute to eNOS overactivity.

Because NOS activity is suppressed by interaction with NO-interacting protein (also
known as NOSIP) (75,76), there may be a decrease in NOSIP-induced eNOS inhibition in
portal hypertension. On the other hand, because dynamin-2 (a GTP-binding protein) (83)
and porin (an anion channel) (76) directly interact with eNOS and activate it, dynamin-
2 or porin or both may contribute to eNOS overactivity in portal hypertension. Together,
these findings indicate that interactions of NOSIP, dynamin-2, and porin, on one hand,
and eNOS, on the other hand, should be studied in portal hypertension.

In conditions other than portal hypertension, vascular endothelial growth factor (VEGF)
stimulates eNOS activity through a mechanism that involves Hsp90 activation and eNOS
phosphorylation at Ser1177 (75,76). However, in cirrhosis, a role for VEGF in eNOS upreg-
ulation is unlikely for several reasons. First, VEGF protein expression is significantly
lower in aortas from portal hypertensive rats than in aortas from normal rats (72). In addi-
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tion, among portal hypertensive rats, VEGF protein expression is significantly lower in
cirrhotic aortas than in portal hypertensive aortas (72). Moreover, in patient with cirrhosis,
plasma VEGF concentrations are decreased (84). Because shear stress and NO are known
to downregulate VEGF expression (85), this may explain decreased levels of VEGF in por-
tal hypertensive aortas. Second, following ex vivo exposure to VEGF, aortic NOS activity
is more marked in normal aortas than in portal hypertensive aortas (72).

Intestinal translocation of Gram negative bacteria causing endotoxemia without overt
sepsis is common in cirrhosis (40,47). This “nonseptic endotoxemia” results in increased
plasma concentrations of proinflammatory cytokines such as tumor necrosis factor
(TNF)-α (40). The hyperkinetic syndrome is more marked in cirrhotic rats with bacterial
translocation than in those without (40). The administration of norfloxacin, an antibiotic
that causes selective intestinal decontamination and inhibits bacterial translocation, has
been shown to decrease plasma TNF-α levels and systemic hyperdynamic syndrome in
patients (86) and rats with cirrhosis (47). Moreover, in portal hypertensive rats without
overt bacterial sepsis, treatments that decrease TNF-α production (87) or action (38,42,
48,88) or both (89) are known to decrease the hyperkinetic syndrome. Finally, NO over-
production in systemic and splanchnic territories is significantly higher in cirrhotic rats
with bacterial translocation than in those without (40). Together, these findings suggest
that mechanisms related to bacterial translocation aggravate the hyperkinetic syndrome
by increasing NO overproduction. Because endotoxin or TNF-α or both are known to
induce iNOS (90), it is not surprising that iNOS protein is found in aortas from cirrhotic
rats but not in those from normal rats (72). Interestingly, in cirrhotic rats, chronic norflox-
acin therapy is associated with a decrease in aortic iNOS (R Moreau, D Lebrec, unpub-
lished results). Because iNOS produces a large amount of NO (69), iNOS-derived NO,
as well as eNOS-derived NO, may play a role in cirrhosis-associated systemic hyperkine-
tic syndrome. On the other hand, because no iNOS is found in the splanchnic vasculature
from cirrhotic rats with bacterial translocation (40), the difference in splanchnic NO pro-
duction between these rats and those without translocation is probably due to differences
in eNOS activity. In cirrhotic mesenteric vasculature, bacterial translocation upregulates
GTP-cyclohydrolase I (GTPCH-I) (91), a key enzyme involved in the production of tetra-
hydrobiopterin (BH4) (92), which is an essential, rate-limiting cofactor in the synthesis of
NO by eNOS. Thus, in cirrhotic rats, bacterial translocation may stimulate eNOS activity
by increasing the GTPCH-I/BH4 pathway. However, another mechanism may explain that
bacterial translocation activates eNOS. Indeed, in rat portal hypertensive gastric mucosa,
TNF-α has been shown to activate eNOS by stimulating Akt to phosphorylate eNOS at
Ser1177 (48).

Aortic nNOS protein expression is higher in cirrhotic rat aortas than in control aortas
(45). Treatment of cirrhotic rats for 7 d with a specific nNOS inhibitor normalizes the
systemic hyperkinetic syndrome and decreases the aortic levels of nNOS and cGMP (45).
Together, these results suggest that nNOS-derived NO may contribute to the development
of the systemic hyperkinetic syndrome in cirrhosis. nNOS expression has not yet been
studied in the superior mesenteric artery from portal hypertensive rats.

ENDOCANNABINOIDS

In cirrhotic rats, the administration of the cannabinoid CB1 receptor antagonist SR141716A
increases arterial pressure (93,94) and decreases both portal hypertension and high supe-
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rior mesenteric artery blood flow (93). Monocytes from cirrhotic, but not control patients
or rats, elicit SR141716A-sensitive hypotension in normal recipient rats and have signifi-
cantly elevated levels of the endocannabinoid anandamide, a CB1 receptor agonist (93,94).
The finding that administration of exogenous anandamide decreases arterial pressure in
normal rats and has no effect in cirrhotic rats (93) suggests a maximal activation of vascu-
lar CB1 receptors by an endogenous ligand (possibly anadamide) in the former animals.
Together, these results suggest that anandamide and vascular CB1 vascular receptors are
involved in cirrhosis-induced vasodilation. Interestingly, in cultured human arterial endo-
thelial cells anandamide increases eNOS catalytic activity by stimulating CB1 receptors
(95). Because anandamide-induced hypotension is reduced by 50% in normal rats pre-
treated with a NOS inhibitor, anandamide-evoked NO production also occurs under in
vivo conditions (93). Therefore, in cirrhotic rats, engagement of vascular CB1 receptors
by endocannabinoids may play a role in eNOS overactivity (93). However, this hypothesis
is not supported by the finding of a decrease in arterial pressure following administration
of cirrhotic monocytes to normal recipients rats pretreated with an NOS inhibitor (94).

Moreover, in vitro experiments suggest that CB1 receptors may activate NOS-inde-
pendent mechanisms (e.g., K+ channel activation) that may also contribute to the in vivo
response to endocannabinoids (95). Studies are needed to elucidate the mechanism of
endocannabinoid-induced vasodilation in cirrhosis.

In normal rats, activation of CB1 vascular receptors by endocannabinoid of myeloid
origin plays a role in endotoxin-induced hypotension (96). Because endotoxemia is com-
mon in cirrhosis (see above), this may be involved in the activation of the endocannabi-
noid/CB1 receptor pathway in chronic liver disease.

OTHER MOLECULES

Following administration of NOS-inhibitors, systemic and splanchnic vascular resis-
tance remain lower in cirrhotic rats than in normal rats (see above), suggesting the impli-
cation of vasorelaxants other than NO. First candidates for this are endothelium-derived
prostaglandins.

In normal endothelial cells, cytosolic Ca2+-dependent phospholipase A2 (cPLA2)
hydrolyzes membrane phospholipids to produce arachidonic acid (AA) (97). Then, AA
may be metabolized by cyclooxygenase (COX) to produce prostacyclin (PGI2), a vaso-
dilator prostaglandin (PG) (98). In SMC, PGI2 engages a GPCR coupled to Gs, which
stimulates adenylyl cyclase to produce cyclic 3',5'-adenosine monophosphate (cAMP)
(98). cAMP may activate two kinases: cAMP-dependent protein kinase (PKA) (98) and
PKG (50). PKA- or PKG-induced activation of ATP-sensitive K+ (KATP) channels and
subsequent membrane hyperpolarization contributes to PGI2-induced SMC (99). Several
studies suggest that the cPLA2/COX/PGI2 pathway is upregulated in portal hyperten-
sion. First, cPLA2 activity is significantly increased in cirrhotic aortas (100). Moreover,
in cirrhosis, there are stimuli for cPLA2 overreactivity such as increased fluid shear stress
and elevated plasma levels of endogenous vasoconstrictors (e.g., norepinephrine) (50).
Second, in portal vein–stenosed rats, COX-1 (the constitutive form of COX) is overex-
pressed in the aorta (at the early stage of portal hypertension) and in the superior mesen-
teric artery (at a later stage) (101). COX-2 is not induced in portal hypertensive vessels
(101). Third, plasma levels of 6-keto-PGF1α, a stable PGI2 metabolite, are increased in
patients and rats with portal hypertension (102–104). Finally, COX inhibition with indo-
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methacin in patients or rats with portal hypertension induces systemic and splanchnic
vasoconstriction (104–106). In cirrhotic rats, activation of arterial KATP channels may con-
tribute to PGI2-induced vasorelaxation. Indeed, in these rats, the administration of gliben-
clamide, a selective KATP channel blocker, induces systemic and splanchnic vasocon-
striction, an effect that is suppessed in indomethacin-pretreated rats (107).

In portal vein–stenosed rats, the splanchnic vasoconstrictor effect caused by the com-
bined administration of a NOS inhibitor and indomethacin is equivalent to the addition
of their respective effects when administered alone (106). Thus, both NO and PGI2 may
be involved in the baseline splanchnic vasodilation, via nonredundant mechanisms. It
should be emphasized that splanchnic arterial resistance after a combination of COX/NOS
inhibitors is still significantly lower in portal hypertensive rats than in corresponding con-
trols (106), suggesting that, in addition to NO and PGI2, other vasorelaxant signals are
involved.

Plasma glucagon concentrations are increased in portal hypertension (108). Because
glucagon is known to stimulate a GPCR/Gs/adenylyl cyclase/cAMP pathway, it may induce
SMC relaxation in portal hypertension (50).

In normal arterial walls exposed to NOS/COX inhibitors, acetylcholine or shear stress
induces the release of an endothelium-derived relaxing factor (EDRF) (109). This NOS/
COX-inhibitors-insensitive EDRF has been called endothelium-derived hyperpolarizing
factor (EDHF) because it elicits arterial SMC relaxation by inducing membrane hyper-
polarization in these cells. In the normal superior mesenteric artery exposed to NOS/
COX inhibitors, acetylcholine activates apamin- and charybdotoxin-sensitive K+ channels
located in the plasma membrane of endothelial cells (110). The resulting efflux of K+

outside the cells increases myoendothelial K+ concentration ([K+]). Increased myoendo-
thelial [K+], in turn, activates barium-sensitive K+ channels and the ouabain-sensitive
sodium–potassium–adenosine triphosphatase (Na+/K+ ATPase) located in the plasma mem-
brane of underlying SMC. Activation of barium-sensitive K+ channels and Na+/K+ ATPase
leads to plasma membrane hyperpolarization and SMC relaxation (110). Together, these
findings indicate that K+ released by endothelial apamin- and charybdotoxin-sensitive K+

channels is an EDHF. In cirrhotic rats, EDHF is released by the superior mesenteric artery
but not the aorta (111). In the cirrhotic superior mesenteric artery, EDHF-induced SMC
relaxation is abolished by a combination of apamin and charybdotoxin and decreased by
exposure to barium or ouabain. Thus, in the superior mesenteric artery from cirrhotic rats,
EDHF may be K+ ion released by endothelial apamin- and charybdotoxin-sensitive K+

channels; K+ then activating barium-sensitive K+ channels and Na+/K+ ATPase in SMC.
Whether or not EDHF is involved in the alterations in splanchnic circulation associated
with portal hypertension remains to be elucidated.

Heme oxygenase (HO) opens the heme ring, resulting in the liberation of equimolar
quantities of biliverdin, free iron, and carbon monoxide (CO) (112). CO, like NO, is a gas
that may stimulate soluble guanylyl cyclase and activate the cGMP/PKG pathway lead-
ing to SMC relaxation (58). There are at least to HO isoforms: HO-1, which is inducible,
and HO-2, which is constitutive (112). There is evidence that HO hyperactivity may con-
tribute to portal hypertension–induced NOS-inhibitor-insensitive splanchnic vasodila-
tion. First, HO-1 gene expression is increased in splanchnic organs from portal vein–
stenosed rats (113). HO-1 gene expression also occurs in the liver in patients with cirrhosis
(114). Second, HO activity is significantly increased in splanchnic organs from rats with
portal vein stenosis (115). Third, in perfused mesenteric vascular beds, in the absence
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of NOS inhibition, the HO inhibitor zinc mesoporphyrin (ZnMP) has no effect on hypo-
reactivity to the vasoconstrictor action induced by elevated extracellular potassium chlor-
ide concentrations. Vascular hyporeactivity to potassium chloride is only decreased by
a NOS-inhibitor and suppressed by a combination of a NOS-inhibitor and ZnMP (115).
Together, these findings suggest that, in portal hypertension, a product of HO-1 activity
(probably CO) may explain NO-independent SMC hyporeactivity to potassium chloride.
Because HO-1 is inducible by several stimuli, including endotoxin and cytokines, future
studies are needed to identify the mechanisms of HO-1 induction in portal hypertension.

Patients with cirrhosis have increased plasma levels of natriuretic peptides [i.e., atrial
natriuretic peptide (ANP), brain natriuretic peptide (BNP), and C-type natriuretic peptide
(CNP)] (116–119). Natriuretic peptides stimulate specific surface receptors coupled to
guanylyl cyclases and thus elicit cGMP/PKG-induced SMC relaxation (120). Together,
these findings suggest that antriuretic peptides may be involved in vasodilation associ-
ated with cirrhosis.

Because patients with cirrhosis have increased plasma levels of vasorelaxant peptides
such as adrenomedullin (121), calcitonin gene–related peptide (122), substance P (123),
and vasoactive intestinal peptide (124), these peptides might contribute to vasodilation in
cirrhosis. It should be noted that these peptides stimulate specific GPCR to induce relax-
ing mechanisms that have not yet been clearly identified: certain studies suggest an acti-
vation of the NO/cGMP pathway and others a stimulation of cAMP production (125).

Studies are needed to clarify the role of natriuretic peptides and neuropeptides in cir-
culatory alterations associated with portal hypertension.

CONCLUSION

NO is the main vasorelaxant molecule involved in the hyperkinetic syndrome in cir-
rhosis. Aortic overproduction of eNOS-derived NO is a homeostatic response resulting
in a decrease in vascular resistance opposed to chronically increased cardiac output. This
mechanism may also occur in the superior mesenteric artery. On the other hand, at least
in cirrhotic rats with intestinal bacterial translocation, mechanisms elicited by bacterial
products may induce iNOS-derived NO (in the aorta but not the superior mesenteric artery)
and further increase production of eNOS-derived NO (in the superior mesenteric artery
and perhaps the aorta). These mechanisms related to bacterial translocation may thus
aggravate the hyperkinetic syndrome. Increased production of nNOS-derived NO (in the
aorta and perhaps the superior mesenteric artery) may also play a role in the systemic
hyperkinetic syndrome. Finally, molecules other than NO such as endocannabinoids, COX-
derived products, or carbon monoxide may be involved; however, their respective role
com-pared to NO should be clarified.

REFERENCES

1. Groszmann R. Hyperdynamic circulation of liver disease forty years later: pathophysiology and clin-
ical consequences. Hepatology 1994;20:1359–1363.

2. Moreau R, Lee SS, Soupison T, Roche-Sicot J, Sicot C. Abnormal tissue oxygenation in patients with
cirrhosis and liver failure. J Hepatol 1988;7:98–105.

3. Braillon A, Cales P, Valla D, Gaudy D, Geoffroy P, Lebrec D. Influence of the degree of liver failure
on systemic and splanchnic haemodynamics and on response to propranolol in patients with cirrhosis.
Gut 1986;27:1204–1209.



60 Moreau and Lebrec

4. Lebrec D, Blanchet L. Effects of two models of portal hypertension on splanchnic organ blood flow
in the rat. Clin Sci 1985;68:23–28.

5. Fernandez-Seara J, Prieto J, Quiroga J, et al. Systemic and regional hemodynamics in patients with
liver cirrhosis and ascites with and without functional renal failure. Gastroenterology 1989;97:1304–
1312.

6. Murray BM, Paller MS. Pressor resistance to vasopressin in sodium depletion, potassium depletion,
and cirrhosis. Am J Physiol 1986;251:R525–R530.

7. Pinzani M, Marra F, Fusco BM, et al. Evidence for α-adrenoreceptor hyperresponsiveness in hypo-
tensive cirrhotic patients with ascites. Am J Gastroenterol 1991;86:711–714.

8. Braillon A, Cailmail S, Gaudin C, Lebrec D. Reduced splanchnic vasoconstriction to angiotensin II
in conscious rats with biliary cirrhosis. J Hepatol 1993;17:86–90.

9. Ryan J, Sudhir K, Jennings G, Esler M, Dudley F. Impaired reactivity of the peripheral vascular to
pressor agents in alcoholic cirrhosis. Gastroenterology 1993;105:1167–1172.

10. Hartleb M, Moreau R, Cailmail S, Gaudin C, Lebrec D. Vascular hyporesponsiveness to endothelin-
1 in rats with cirrhosis. Gastroenterology 1994;107:1085–1093.

11. Hartleb M, Moreau R, Gaudin C, Lebrec D. Lack of vascular hyporesponsiveness to the L-type cal-
cium channel activator, Bay K 8644, in rats with cirrhosis. J Hepatol 1995;22:202–207.

12. Liao J, Yu PC, Lin HC, Lee FY, Kuo JS, Yang MCM. Study on the vascular reactivity and α-adreno-
ceptors of portal hypertensive rats. Br J Pharmacol 1994;111:439–444.

13. Huang YT, Wang GF, Yang MCM, Chang SP, Lin HC, Hong CY. Vascular hyporesponsiveness in
aorta from portal hypertensive rats: possible sites of involvement. J Pharmacol Exp Ther 1996;278:
535–541.

14. Sogni P, Sabry S, Moreau R, Gadano A, Lebrec D, Din-Xuan AT. Hyporeactivity of mesenteric resis-
tance arteries in portal hypertensive rats. J Hepatol 1996;24:487–490.

15. Moreau R, Cailmail S, Lebrec D. Haemodynamic effects of vasopressin in portal hypertensive rats
receiving clonidine. Liver 1994;14:45–49.

16. Pizcueta P, Piqué JM, Bosch J, Whittle BJR, Moncada S. Effects of inhibiting nitric oxide biosynthe-
sis on the systemic and splanchnic circulation of rats with portal hypertension. Br J Pharmacol 1992;
105:184–190.

17. Claria J, Jiménez W, Ros J, Asbert M, Castro A, Arroyo V, Rivera F, Rodès J. Pathogenesis of arte-
rial hypotension in cirrhotic rats with ascites: role of endogenous nitric oxide. Hepatology 1992;15:
343–349.

18. Sogni P, Moreau R, Ohsuga M, et al. Evidence for a normal nitric oxide-mediated vasodilator tone
in conscious rats with cirrhosis. Hepatology 1992,16:980–983.

19. Lee FY, Albillos A, Colombato LA, Groszmann RJ. The role of nitric oxide in the vascular hypo-
responsiveness to methoxamine in portal hypertensive rats. Hepatology 1992;16:1043–1048.

20. Sieber CC, Groszmann RJ. In vitro hyporeactivity to methoxamine in portal hypertensive rats: reversal
by nitric oxide blockade. Am J Physiol 1992;262:G996–G1001.

21. Sieber CC, Groszmann RJ. Nitric oxide mediates hyporeactivity to vasopressors in mesenteric vessels
of portal hypertensive rats. Gastroenterology 1992;103:235–239.

22. Pizcueta P, Piqué JM, Fernandez M, et al. Modulation of the hyperdynamic circulation of cirrhotic
rats by nitric oxide inhibition. Gastroenterology 1992;103:1909–1915.

23. Castro A, Jiménez W, Claria J, et al. Impaired responsiveness to angiotensin II in experimental cir-
rhosis: role of nitric oxide. Hepatology 1993;18:367–372.

24. Guarner C, Soriano G, Tomas A, et al. Increased serum nitrite and nitrate levels in patients with cir-
rhosis: relationship to endotoxemia. Hepatology 1993;18:1139–1143.

25. Sieber CC, Lopez-Talavera JC, Groszmann RJ. Role of nitric oxide in the in vitro splanchnic vascular
hyporeactivity in ascitic cirrhotic rats. Gastroenterology 1993;104:1750–1754.

26. Claria J, Jiménez W, Ros J, et al. Increased nitric oxide-dependent vasorelaxation in aortic rings of
cirrhotic rats with ascites. Hepatology 1994;20:1615–1621.

27. Garcia-Pagan JC, Fernandez M, Bernadich C, et al. Effects of continued NO inhibition on portal hyper-
tensive syndrome after portal vein stenosis in rat. Am J Physiol 1994;267:G984–G990.

28. Michielsen PP, Boeckxstaens GE, Sys SU, Herman AG, Pelckmans PA. Role of nitric oxide in hypo-
reactivity to noradrenaline of isolated aortic rings in portal hypertensive rats. Eur J Pharmacol 1995;
273:167–174.



Chapter 4 / Molecular Mechanisms of Systemic Vasodilation 61

29. Niederberger M, Ginès P, Tsai P, et al. Increased aortic cyclic guanosine monophosphate concentra-
tion in experimental cirrhosis in rats: evidence for a role of nitric oxide in the pathogenesis of arterial
vasodilation in cirrhosis. Hepatology 1995;21:1625–1631.

30. Cahill PA, Foster C, Redmond EM, et al. Enhanced nitric oxide synthase activity in portal hyperten-
sive rabbits. Hepatology 1995;22:598–606.

31. Kanwar S, Kubes P, Tepperman BL, Lee SS. Nitric oxide synthase activity in portal-hypertensive
and cirrhotic rats. J Hepatol 1996;25:85–89.

32. Martin PY, Xu DL, Niederberger M, et al. Upregulation of endothelial constitutive NOS: a major role
in the increased NO production in cirrhotic rats. Am J Physiol 1996;270:F494–F499.

33. Morales-Ruiz M, Jiménez W, Pérez-Sala D, et al. Increased nitric oxide synthase expression in arterial
vessels of cirrhotic rats with ascites. Hepatology 1996;24:1481–1486.

34. Pilette C, Moreau R, Sogni P, et al. Haemodynamic and hormonal responses to long-term inhibition
of nitric oxide synthesis in rats with portal hypertension. Eur J Pharmacol 1996;312:63–68.

35. Pilette C, Kirstetter P, Sogni P, Cailmail S, Moreau R, Lebrec D. Dose-dependent effects of a nitric
oxide biosynthesis inhibitor on hyperdynamic circulation in two models of portal hypertension in
conscious rats. J Gastroenterol Hepatol 1996;11:1–6.

36. Gadano AC, Sogni P, Yang S, et al. Endothelial calcium-calmodium dependent nitric oxide synthase
in the in vitro vascular hyporeactivity of portal hypertensive rats. J Hepatol 1997;26:678–686.

37. Atucha NM, Ortiz MC, Fortepiani LA, Ruiz FM, Martinez C, Garcia-Estan J. Role of cyclic gua-
nosine monophosphate and K+ channels as mediators of the mesenteric vascular hyporesponsiveness
in portal hypertensive rats. Hepatology 1998;27:900–905.

38. Ohta M, Tarnawski AS, Itani R, et al. Tumor necrosis factor α regulates nitric oxide synthase expres-
sion in portal hypertensive gastric mucosa of rats. Hepatology 1998;27:906–913.

39. Pateron D, Oberti F, Lefilliatre P, et al. Relationship between vascular reactivity in vitro and blood
flows in rats with cirrhosis. Clin Sci 1999;97:313–318.

40. Wiest R, Das S, Gadelina G, Garcia-Tsao G, Milstien S, Groszmann RJ. Bacterial translocation in
cirrhotic rats stimulates eNOS-derived NO production and impairs mesentenric vascular contractil-
ity. J Clin Invest 1999;104:1223–1233.

41. Wiest R, Shah V, Sessa WC, Groszmann RJ. NO overproduction by eNOS precedes hyperdynamic
splanchnic circulation in portal hypertensive rats. Am J Physiol 1999;276:G1043–G1051.

42. Munoz J, Albillos A, Perez-Paramo M, Rossi I, Alvarez-Mon M. Factors mediating the hemodynamic
effects of tumor necrosis factor-alpha in portal hypertensive rats. Am J Physiol 1999;276:G687–G693.

43. Shah V, Wiest R, Garcia-Cardena G, Cadelina G, Groszmann RJ, Sessa WC. Hsp90 regulation of
endothelial nitric oxide synthase contributes to vascular control in portal hypertension. Am J Physiol
1999;277:G463–G468.

44. Pateron D, Tazi KA, Sogni P, et al. Role of aortic nitric oxide synthase 3 (eNOS) in the systemic vaso-
dilation of portal hypertension. Gastroenterology 2000;119:196–200.

45. Xu L, Carter EP, Ohara M, et al. Neuronal nitric oxide synthase and systemic vasodilation in rats with
cirrhosis. Am J Physiol 2000;279:F1110–F1115.

46. Iwakiri Y, Tsai MH, McCabe TJ, et al. Phosphorylation of eNOS initiates excessive NO production
in early phases of portal hypertension. Am J Physiol 2002;282:H2084–H2090.

47. Rabiller A, Nunes H, Lebrec D, et al. Prevention of Gram-negative translocation reduces the severity
of hepatopulmonary syndrome. Am J Respir Crit Care Med 2002;166:514–517.

48. Kawanaka H, Jones MK, Szabo IL, et al. Activation of eNOS in rat portal hypertensive gastric
mucosa is mediated by TNF-alpha via the PI 3-kinase-Akt signaling pathway. Hepatology 2002;35:
393–402.

49. Tsai MH, Iwakiri Y, Cadelina G, Sessa WC, Groszmann RJ. Mesenteric vasoconstriction triggers nitric
oxide overproduction in the superior mesenteric artery of portal hypertensive rats. Gastroenterology
2003;125:1452–1461.

50. Moreau R, Lebrec D. Endogenous factors involved in the control of arterial tone in cirrhosis. J Hepatol
1995;22:370–376.

51. Pierce KL, Premont RT, Lefkowitz RJ. Seven-transmembrane receptors. Nat Rev Mol Cell Biol 2002;
3:639–650.

52. Bomzon A, Huang YT. Vascular smooth muscle cell signaling in cirrhosis and portal hypertension.
Pharmacol Ther 2001;89:255–272.



62 Moreau and Lebrec

53. Clapham DE. The G-protein nanomachine. Nature 1996;379:297–299.
54. Clapham DE. Calcium signaling. Cell 1995;80:259–268.
55. Somlyo AP, Somlyo AV. Signal transduction and regulation in smooth muscle. Nature 1994;372:

231–236.
56. Ron D, Kazanietz G. New insights into the regulation of protein kinase C and novel phorbol ester recep-

tors. FASEB J 1999;13:1658–1676.
57. Ohanian V, Ohanian J, Shaw L, Scarth S, Parker PJ, Heagerty AM. Identification of protein kinase C

isoforms in rat mesenteric small arteries and their possible role in agonist-induced contraction. Circ
Res 1996;78:806–812.

58. Moreau R. Heme oxygenase: protective enzyme or portal hypertensive molecule? J Hepatol 2001;34:
936–939.

59. Lincoln TM, Cornwell TL. Intracellular cyclic GMP receptor proteins. FASEB J 1993;7:328–338.
60. Tang M, Wang G, Lu P, et al. Regulator of G-protein signaling-2 mediates vascular smooth muscle

relaxation and blood pressure. Nat Med 2003;9:1506–1512.
61. Xia C, Bao Z, Yue C, Sanborn BM, Liu M. Phosphorylation and regulation of G-protein-activated

phospholipase C-beta 3 by cGMP-dependent protein kinases. J Biol Chem 2001;276:19,770–19,777.
62. Huang YT, Chang S, Lin HC, Yang MCM, Hong CY. Inositol phosphate responses in portal veins from

portal hypertensive rats: receptor- and nonreceptor-mediated responses. J Hepatol 1997;26:376–381.
63. Chagneau C, Tazi KA, Heller J, et al. The role of nitric oxide in the reduced contractile response

induced by protein kinase C activation in aortae from rats with portal hypertension. J Hepatol 2000;
33:26–32.

64. Tazi KA, Moreau R, Heller J, Poirel O, Lebrec D. Changes in protein kinase C isoforms in association
with vascular hyporeactivity in cirrhotic rat aortas. Gastroenterology 2000;119:201–210.

65. Tazi KA, Barrière E, Moreau R, Poirel O, Lebrec D. Relationship between protein kinase C alterations
and nitric oxide overproduction in cirrhotic rats aortas. Liver 2002;22:178–183.

66. Heller J, Schepke M, Gehnen N, et al. Altered adrenergic responsiveness of endothelium-denuded
hepatic arteries and portal veins in patients with cirrhosis. Gastroenterology 1999;116:387–393.

67. Islam MZ, Williams BC, Madhavan KK, Hayes PC, Hadoke PWF. Selective alteration of agonist-
mediated contraction in hepatic arteries isolated from patients with cirrhosis. Gastroenterology 2000;
118:765–771.

68. Schepke M, Heller J, Paschke S, et al. Contractile hyporesponsiveness of hepatic arteries in humans
with cirrhosis: evidence for a receptor-specifid mechanism. Hepatology 2001;34:884–888.

69. Moncada S, Palmer RMJ, Higgs EA. Nitric oxide: physiology, pathophysiology, and pharmacology.
Pharmacol Rev 1991;43:109–142.

70. Davis KL, Martin E, Turko IV, Murad F. Novel effects of nitric oxide. Annu Rev Pharmacol Toxicol
2001;41:203–236.

71. Nadaud S, Philippe M, Arnal JF, Michel JB, Soubrier F. Sustained increase in aortic endothelial nitric
oxide synthase expression in vivo in a model of chronic high blood flow. Circ Res 1996;79:857–863.

72. Tazi KA, Barrière E, Moreau R, et al. Role of shear stress in aortic eNOS up-regulation in rats with
biliary cirrhosis. Gastroenterology 2002;122:1869–1877.

73. Förstermann U, Boissel JP, Kleinert H. Expressional control of the ‘constitutive’ isoforms of nitric
oxide synthase (NOS I and NOS III). FASEB J 1998;12:773–790.

74. Shaul PW. Regulation of endothelial nitric oxide synthase: location, location, location. Annu Rev
Physiol 2002;64:749–774.

75. Fleming I, Busse R. Molecular mechanisms involved in the regulation of the endothelial nitric oxide
synthase. Am J Physiol 2003;284:R1–R12.

76. Boo YC, Jo H. Flow-dependent regulation of endothelial nitric oxide synthase: role of protein kinases.
Am J Physiol 2003;285:C499–C508.

77. Nilius B, Viana F, Droogmans G. Ion channels in vascular endothelium. Annu Rev Physiol 1997;59:
145–170.

78. Barrière E, Tazi KA, Pessione F, et al. Role of small-conductance Ca2+-dependent K+ channels in
in vitro NO-mediated aortic hyporeactivity to α-adrenergic vasoconstriction in rats with cirrhosis.
J Hepatol 2001;35:350–357.

79. Theodorakis NG, Wang YN, Skill NJ, et al. The role of nitric oxide synthase isoforms in extrahepatic
portal hypertension: studies in gene-knockout mice. Gastroenterology 2003;124:1500–1508.



Chapter 4 / Molecular Mechanisms of Systemic Vasodilation 63

80. Iwakiri Y, Cadelina G, Sessa WC, Groszmann RJ. Mice with targeted deletion of eNOS develop hyper-
dynamic circulation associated with portal hypertension. Am J Physiol 2002;283:G1074–G1081.

81. Rich S, McLaughlin VV. Endothelin receptor blockers in cardiovascular disease. Circulation 2003;
108:2184–2190.

82. Moore K, Wendon J, Frazer M, Karani J, Williams R, Badr K. Plasma endothelin immunoreactivity
in liver disease and the hepatorenal syndrome. N Engl J Med 1992;327:1774–1778.

83. Cao S, Yao J, Shah V. The proline-rich domain of dynamin-2 is responsible for dynamin-dependent
in vitro potentiation of endothelial nitric-oxide synthase activity via selective effects on reductase
domain function. J Biol Chem 2003;278:5894–5901.

84. Desideri G, Ferri C. Circulating vascular endothelial growth factor levels are decreased in patients
with chronic hepatitis and liver cirrhosis depending on the degree of hepatic damage. Clin Sci 2000;
99:159–160.

85. Tsurumi Y, Murohara T, Krasinski K, et al. Reciprocal relation between VEGF and NO in the reg-
ulation of endothelial integrity. Nat Med 1997;3:879–886.

86. Albillos A, de la Hera A, Gonzalez M, et al. Increased lipopolysaccharide binding protein in cirrhotic
patients with marked immune and hemodynamic derangement. Hepatology 2003;37:208–217.

87. Lopez-Talavera JC, Cadelina G, Olchowski J, Merrill W, Groszmann RJ. Thalidomide inhibits tumor
necrosis factor alpha, decreases nitric oxide synthesis, and ameliorates the hyperdynamic circulatory
syndrome in portal-hypertensive rats. Hepatology 1996;23:1616–1621.

88. Lopez-Talavera JC, Merrill WW, Groszmann RJ. Tumor necrosis factor alpha: a major contributor
to the hyperdynamic circulation in prehepatic portal-hypertensive rats. Gastroenterology 1995;108:
761–767.

89. Lopez-Talavera JC, Levitzki A, Martinez M, Gazit A, Esteban R, Guardia J. Tyrosine kinase inhi-
bition ameliorates the hyperdynamic state and decreases nitric oxide production in cirrhotic rats with
portal hypertension and ascites. J Clin Invest 1997;100:664–670.

90. Moreau R, Barriere E, Tazi KA, et al. Terlipressin inhibits in vivo aortic iNOS expression induced
by lipopolysaccharide in rats with biliary cirrhosis. Hepatology 2002;36:1070–1078.

91. Wiest R, Cadelina G, Milstien S, McCuskey RS, Garcia-Tsao G, Groszmann RJ. Bacterial transloca-
tion up-regulates GTP-cyclohydrolase I in mesenteric vasculature of cirrhotic rats. Hepatology 2003;
38:1508–1515.

92. Govers R, Rabelink TJ. Cellular regulation of endothelial nitric oxide synthase. Am J Physiol 2001;
280:F193–F206.

93. Batkai S, Jarai Z, Wagner JA, et al. Endocannabinoids acting at vascular CB1 receptors mediate the
vasodilated state in advanced liver cirrhosis. Nat Med 2001;7:827–832.

94. Ros J, Claria J, To-Figueras J, et al. Endogenous cannabinoids: a new system involved in the homeo-
stasis of arterial pressure in experimental cirrhosis in the rat. Gastroenterology 2002;122:85–93.

95. Howlett AC, Barth F, Bonner TI, et al. International union of pharmacology. XXVII. Classification of
cannabinoid receptors. Pharmacol Rev 2002;54:161–202.

96. Varga K, Wagner JA, Bridgen DT, Kunos G. Platelet- and macrophage-derived endogenous cannabi-
noids are involved in endotoxin-induced hypotension. FASEB J 1998;12:1035–1044.

97. Balsinde J, Balboa MA, Insel PA, Dennis EA. Regulation and inhibition of phospholipase A2. Annu
Rev Pharmacol Toxicol 1999;39:175–189.

98. Breyer MD, Breyer RM. G protein-coupled prostanoid receptors and the kidney. Annu Rev Physiol
2001;63:579–605.

99. Nelson MT, Quayle JM. Physiological roles and properties of potassium channels in arterial smooth
muscle. Am J Physiol 1995;268:C799–C822.

100. Niederberger M, Ginès P, Martin PY, et al. Increased renal and vascular cytosolic phospholipase A2

activity in rats with cirrhosis and ascites. Hepatology 1998;27:42–47.
101. Hou MC, Cahill PA, Zhang S, et al. Enhanced cyclooxygenase-1 expression within the superior mes-

enteric artery of portal hypertension rats: role in the hyperdynamic circulation. Hepatology 1998;27:
20–27.

102. Guarner F, Guarner C, Prieto J, et al. Increased synthesis of systemic prostacyclin in cirrhotic patients.
Gastroenterology 1986;90:687–694.

103. Guarner C, Soriano G, Such J, et al. Systemic prostacyclin in cirrhotic patients. Relationship with portal
hypertension and changes after intestinal decontamination. Gastroenterology 1992;102:203–309.



64 Moreau and Lebrec

104. Oberti F, Sogni P, Cailmail S, Moreau R, Pipy B, Lebrec D. Role of prostacyclin in hemodynamic
alterations in conscious rats with extrahepatic or intrahepatic portal hypertension. Hepatology 1993;
18:621–627.

105. Wu Y, Burns RC, Sitzmann JV. Effects of nitric oxide and cyclooxygenase inhibition on splanchnic
hemodynamics in portal hypertension. Hepatology 1993;18:1416–1421.

106. Fernandez M, Garcia-Pagan JC, Casadevall M, et al. Acute and chronic cyclooxygenase blockage
in portal-hypertensive rats: influence on nitric oxide biosynthesis. Gastroenterology 1996;110:1529–
1535.

107. Moreau R, Komeichi H, Kirstetter P, Ohsuga M, Cailmail S, Lebrec D. Altered control of vascular
tone by adenosine triphosphate-sensitive potassium channels in rats with cirrhosis. Gastroenterology
1994;106:1016–1023.

108. Pizcueta MP, Casamitjana R, Bosch J, Rodes J. Decreased systemic vascular sensitivity to norepine-
phrine in portal hypertensive rats: role of hyperglucagonism. Am J Physiol 1990;258:G191–G195.

109. Vanhoutte PM. Old-timer makes a comeback. Nature 1998;396:213–215.
110. Edwards G, Dora KA, Gardener MJ, Garland CJ, Weston AH. K+ is an endothelium-derived hyper-

polarizing factor in rat arteries. Nature 1998;396:269–272.
111. Barrière E, Tazi KA, Rona JP, et al. Evidence for an endothelium-derived hyperpolarizing factor in

the superior mesenteric artery from rats with cirrhosis. Hepatology 2000;32:935–941.
112. Maines MD. The heme oxygenase system: a regulator of second messenger gases. Annu Rev Phar-

macol Toxicol 1997;37:517–554.
113. Fernandez M, Bonkovsky HL. Increased heme oxygenase-1 gene expression in liver cells and splanch-

nic organs from portal hypertensive rats. Hepatology 1999;29:1672–1679.
114. Makino N, Suematsu M, Sugiura Y, et al. Altered expression of heme oxygenase-1 in the livers of

patients with portal hypertensive diseases. Hepatology 2001;33:32–42.
115. Fernandez M, Lambrecht RW, Bonkovsky HL. Increased heme oxygenase activity in splanchnic

organs from portal hypertensive rats: role in modulating mesenteric vascular reactivity. J Hepatol 2001;
34:812–817.

116. Ginès P, Jiménez W, Arroyo V, et al. Atrial natriuretic factor in cirrhosis with ascites: plasma levels,
cardiac release and splanchnic extraction. Hepatology 1988:8:636–642.

117. Moreau R, Hadengue A, Pussard E, et al. Relationships between plasma atrial natriuretic peptide and
hemodynamics and hematocrit in patients with cirrhosis. Hepatology 1991;14:1035–1039.

118. La Villa G, Romanelli RG, Raggi VS, et al. Plasma levels of brain natriuretic peptide in patients with
cirrhosis. Hepatology 1992;16:156–161.

119. Gülberg V, Møller S, Henriksen JH, Gerbes AL. Increased renal production of C-type natriuretic
peptide (CNP) in patients with cirrhosis and functional renal failure. Gut 2000;47:852–857.

120. Chinkers M, Garbers DL. Signal transduction by guanylyl cyclases. Annu Rev Biochem 1991;60:
553–575.

121. Guevara M, Ginès P, Jiménez W, et al. Increased adrenomedullin levels in cirrhosis: relationship with
hemodynamic abnormalities and vasoconstrictor systems. Gastroenterology 1998;114:336–343.

122. Bendtsen F, Schifter S, Henriksen JH. Increased circulating calcitonin gene-related peptide (CGRP)
in cirrhosis. J Hepatol 1991;12:118–123.

123. Lee FY, Lin HC, Tsai YT, et al. Plasma substance P levels in patients with liver cirrhosis: relationship
to systemic and portal hemodynamics. Am J Gastroenterol 1997;92:2080–2084.

124. Henriksen JH, Staun-Olsen P, Fahrenkrug J, Ring-Larsen H. Vasoactive intestinal polypeptide (VIP)
in cirrhosis: arteriovenous extraction in different vascular beds. Scand J Gastroenterol 1980;15:787–792.

125. Bevan JA, Brayden JE. Nonadrenergic neural vasodilator mechanisms. Circulation Research 1987;
60:309–326.



Chapter 5 / Mechanisms of Sodium Retention 65

65

From: Clinical Gastroenterology: Portal Hypertension
Edited by: A. J. Sanyal and V. H. Shah © Humana Press Inc., Totowa, NJ

5 Mechanisms of Sodium Retention,
Ascites Formation, and Renal
Dysfunction in Cirrhosis

Andrés Cárdenas, MD, MMSc

and Pere Ginès, MD

CONTENTS

INTRODUCTION

LOCAL FACTORS INVOLVED IN ASCITES FORMATION

HEMODYNAMIC EVENTS LEADING TO RENAL FUNCTION ABNORMALITIES

FUNCTIONAL RENAL ABNORMALITIES

THEORIES OF ASCITES FORMATION

SUMMARY

REFERENCES

INTRODUCTION
The mechanisms responsible for ascites formation in liver disease have aroused interest

throughout the history of medicine. The Egyptians and Greeks believed that there was
a relationship between liver disease and ascites. In 300 BC, Erasitratus of Cappadoccia
described ascites as a consequence of “hardness of the liver” or liver disease. Several
centuries later, physicians discovered the relationship between advanced liver disease
and the development of ascites. Numerous studies addressing this issue have discovered
that alterations in systemic and splanchnic circulation, as well as functional renal abnor-
malities, are the culprit of this dreaded complication of cirrhosis. Renal abnormalities
occur in the setting of a hyperdynamic state characterized by an increased cardiac output,
a reduction in total vascular resistance and an activation of neurohormonal vasoactive
systems. This circulatory dysfunction, a consequence of intense arterial vasodilation in
the splanchnic circulation, is considered a primary feature in the pathogenesis of ascites.
The main factor responsible for local vasodilation seems to be the overproduction of extra-
hepatic nitric oxide (NO). Splanchnic vasodilation by decreasing effective arterial blood
volume causes homeostatic activation of vasoconstrictor and antinatriuretic factors trig-
gered to compensate for a relative arterial underfilling. The net effect is avid retention
of sodium and water as well as renal vasoconstriction in advanced stages. The mecha-
nisms of ascites formation and sodium and water retention in patients with cirrhosis are
discussed in this chapter.
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LOCAL FACTORS INVOLVED IN ASCITES FORMATION

Portal Hypertension
Portal hypertension is necessary for ascites to occur; as a matter of fact, it commonly

occurs in diseases causing sinusoidal portal hypertension, such as cirrhosis, Budd–Chiari
syndrome, hepatic venoocclusive disease, or acute alcoholic hepatitis (1). Similar to what
occurs with the development of esophageal varices, ascites develops only when the hep-
atic venous pressure gradient (the gradient between wedged and free hepatic venous pres-
sures) is above 12 mmHg (2). On the other hand, ascites is uncommon in liver diseases
causing presinusoidal portal hypertension, such as schistosomiasis, idiopathic portal hyper-
tension, congenital hepatic fibrosis, or hepatic sarcoidosis (1). In addition, studies in
experimental cirrhosis with rats have demonstrated the relationship between portal hyper-
tension and ascites formation (3). Rats with carbon tetrachloride–induced cirrhosis will
accumulate ascites with advanced liver failure (4). Probably the best evidence that portal
hypertension is crucial for ascites formation derives from clinical experience with cirrho-
tic patients with ascites subjected to portosystemic shunting either by surgical portocaval
shunts or transjugular portosystemic shunting. In this setting, portal hypertension is reduced
and ascites invariably decreases with increase in diuresis and urinary sodium excretion in
patients with ascites and cirrhosis (5,6).

Lymph Formation
Ascites in cirrhosis is the result of an increased extravasation of fluid from the splanch-

nic microcirculation. In the initial phases of the disease, this is compensated by an increase
in lymph return. Thoracic duct lymph flow, which in normal conditions is lower than 1 L/d,
may increase up to more than 20 L/d in cirrhotic patients with portal hypertension (7).
When lymph formation overcomes lymph production, ascites develops.

Experimental studies in animals submitted to an acute obstruction of hepatic veins dem-
onstrate increased leakage of fluid from the hepatic surface into the abdominal cavity (8).
Hepatic sinusoids which by nature do not have a basement membrane are widely perme-
able to proteins. Consequently, small increases in hydrostatic pressure are associated with
a marked increase in lymph production. This lymph has a protein concentration similar
to that of plasma (9,10). In contrast, splanchnic capillaries are poorly permeable to pro-
teins and have a low concentration when compared to hepatic lymph. Any increase of
hydrostatic pressure in these capillaries induces an initial extravasation of lymph with
a low protein concentration (11). Although ascites formation has been considered to arise
from the hepatic sinusoids with little contribution of the intestinal capillaries (12), there
are two arguments against this concept.

One is the process of capillarization of the hepatic sinusoids that occurs in cirrhosis (13).
This term refers to collagen deposition in the space of Disse with disappearance of the
large hepatic fenestrae leaving the sinusoid with an appearance and function of a normal
capillary (Fig. 1). The hepatic sinusoid permeability to proteins (i.e., albumin) and con-
centration of proteins in the hepatic lymph becomes markedly reduced in cirrhosis (14).
As a consequence, the protein concentration in the ascitic fluid of patients with cirrhosis
is lower than the protein concentration in the hepatic lymph, suggesting that a great part
of the ascitic fluid in cirrhosis derives from the splanchnic capillaries (a vascular bed
with lower permeability to plasma proteins) (1,7). The other is that in cirrhosis there is
marked vasodilation in the splanchnic arterioles secondary to portal hypertension (see
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below). This leads to a large inflow of blood at high pressure into the splanchnic capil-
laries with a rise in hydrostatic pressure due to both a forward increase in flow and a back-
ward transmission of high portal pressure (15). Splanchnic arterial vasodilation also has
effects on increasing the permeability of capillaries (11). The net effect of both processes
is a marked production of lymph from the splanchnic capillaries. Thus, ascitic fluid in cir-
rhosis probably derives from both the hepatic sinusoids and the splanchnic capillaries.

HEMODYNAMIC EVENTS LEADING
TO RENAL FUNCTION ABNORMALITIES

Systemic Circulatory Derangements
Cirrhotic patients with ascites show a severe disturbance in their systemic hemodynam-

ics, characterized by a low arterial blood pressure, high cardiac output, and a decreased
total systemic vascular resistance consequence of an intense splanchnic arterial vasodila-
tion (16). By contrast, other vascular beds such as the cerebral, upper and lower limbs, and
renal circulation are constricted in cirrhotic patients (17–19). These circulatory abnor-
malities increase with the progression of liver disease, and become very pronounced in
patients with functional renal failure in the late stages of the disease. Experimental models
of cirrhosis and ascites have clearly shown that the circulatory changes precede sodium
and water retention and ascites accumulation, supporting the so-called arterial vasodila-
tion theory of ascites formation and renal dysfunction (see later) (Fig. 2) (20).

Fig. 1. Electron micrograph showing the capillarization occurring in the sinusoids of a rat with cirrho-
sis. The sinusoidal lumen (C) is separated from the liver cells (L) by a nonfenestrated endothelial cell
membrane, a basement membrane, and a layer of fibrillary collagen. (From Huet et al. J Clin Invest
1982;70:1234–1244 with permission.)
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Local Circulatory Derangements
A key element in the pathophysiology of portal hypertension is an increase in vascular

resistance to portal blood flow occurring in the hepatic microcirculation. Recent studies
indicate that increased hepatic vascular resistance in cirrhosis is not merely a mechanical
consequence of a distorted architecture but there is also an active and dynamic process
secondary to contraction of myofibroblasts and activated stellate cells in the intrahepatic
circulation (21). Intrahepatic vascular tone is regulated by high levels of endogenous vaso-
constrictors (endothelin, leukotrienes, thromboxane A2, angiotensin II, and others) (21–
25) and low levels of intrahepatic NO (26,27). In cirrhosis an increased hepatic vascular
resistance is probably caused by an imbalance between vasodilator and vasoconstrictor
factors, the latter being predominant (26). Another important factor is that of increased
blood flow from the portal venous system; this is a constant feature with chronic increase
in portal pressure and plays a major role in the increased pressure in the portal venous sys-
tem (28). This is mainly caused by splanchnic arterial vasodilation which contributes to
an increase in portal pressure that remains elevated despite the development of porto-
systemic collateral formation (29). This vasodilation is caused by a disproportional release
of endogenous vasodilators (mainly NO) that perpetuate elevated portal pressure (30–32).
For a detailed discussion of the events leading to the development of splanchnic vasodila-
tion in cirrhosis, refer to Chapter 5.

Neurohormonal Activation
Several neurohumoral systems with vasoactive properties, namely the renin–angioten-

sin–aldosterone system (RAAS), sympathetic nervous system (SNS), and arginine vaso-

Fig. 2. The pathogenesis of ascites formation and renal dysfunction according to the arterial vaso-
dilation theory. The neurohumoral effects of the renin-angiotensin-aldosterone system (RAAS),
sympathetic nervous system (SNS), and arginine vasopressin (AVP) on systemic circulation and
renal function in cirrhosis with ascites are responsible for sodium and water retention as well as
hepatorenal syndrome. The levels of these vasoconstrictors are highest in patients with hepatorenal
syndrome.
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pressin (AVP), are directly implicated in ascites formation and renal dysfunction in cir-
rhosis (Table 1). The activity of these vasoconstrictor systems is increased in a large pro-
portion of cirrhotic patients with ascites, particularly in those with end-stage liver disease
and hepatorenal syndrome (HRS) as a homeostatic response to maintain arterial blood
pressure within normal limits. However, this may contribute to the progression of liver
disease by worsening hepatic hemodynamics and mediate a progressive renal vasocon-
striction (Fig. 2).

A large body of evidence indicates that the RAAS is activated in cirrhosis and is in-
volved in circulatory homeostasis and ascites formation (33,34). Plasma renin activity
(PRA), a marker of RAAS activation, is markedly increased in most patients with cirrho-
sis and ascites; in addition, the plasma levels of angiotensin II and aldosterone, the two
main effectors of the RAAS that mediate vasoconstriction and sodium retention, respec-
tively, are also increased in cirrhosis (34). RAAS inhibition, either by the administration
of angiotensin-converting enzyme (ACE) inhibitors, angiotensin II antagonists, or angio-
tensin II receptor blockers, is accompanied by a fall in arterial pressure or in some cases
a deterioration of renal function (35–37). Activation of the SNS is also present in patients
with advanced liver disease as evidenced by increased levels of norepinephrine (NE) and
epinephrine (38). Measurements of NE release and spillover in specific vascular beds have
shown that the activity of the SNS is increased in many vascular territories, including
kidneys, splanchnic organs, heart, and muscle and skin, supporting the concept of a gen-
eralized activation of the SNS (39–43). As occurs with RAAS, inhibition of the SNS in
human and experimental cirrhosis results in marked arterial hypotension, suggesting that
the SNS is also activated as a homeostatic response to maintain blood pressure in cirrho-
sis (44). Additionally, the SNS also contributes to sodium retention (see below). Aside
from water retention in cirrhosis, AVP is also a vasoconstrictor that probably contributes
to the maintenance of arterial pressure in cirrhosis.

Other substances that play a role in the hemodynamic derangement of advanced cir-
rhosis are endothelin (ET) and the natriuretic hormones. The plasma levels of endothelin,
an endothelial-derived powerful vasoconstrictor peptide, are increased in patients with
cirrhosis, particularly in those with HRS (45). Because of its powerful vasoactive effects,
ET has been implicated in the pathogenesis of arterial hypertension and other conditions
associated with increased vascular resistance and reduced organ perfusion. Despite the
great efforts aimed at elucidating the role of ET in cirrhosis its relevance in circulatory
homeostasis in cirrhosis is unclear, because the antagonization of endothelin receptors
in cirrhotic rats with ascites is not associated with significant changes in arterial pressure

Table 1
Neurohormonal Factors Potentially

Implicated in Ascites Formation in Cirrhosis

• Renin-angiotensin-aldosterone system (RAAS)
• Sympathetic nervous system (SRS)
• Arginine vasopressin (AVP)
• Endothelin
• Atrial natriuretic peptide
• Arachidonic acid metabolites
• Adenosine
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(46–48). Nonetheless, when the endothelin ETA receptor blocker BQ123 was used to
treat a small number of patients with HRS, there was an improvement in renal function
(49). Further studies are needed to understand and characterize the role of endothelin in
advanced cirrhosis.

The natriuretic hormones, represented by the atrial natriuretic peptide (ANP) and brain
natriuretic peptide (BNP) are increased in patients with cirrhosis and ascites (50,51). High
plasma levels of ANP in cirrhosis with ascites are caused by increased cardiac secretion
of the peptide and not reduced hepatic or systemic catabolism, as cardiac production of
ANP is increased in cirrhotic patients with ascites and splanchnic and peripheral extraction
are normal (50,52). Consistent with these observations is the finding of increased mRNA
expression for ANP in ventricles from cirrhotic rats with ascites (53). The cardiac pro-
duction and release of ANP in cirrhosis with ascites can be increased further by maneuvers
that increase the central blood volume, such as insertion of a peritoneovenous shunt (54)
or TIPS (55). The presence of increased plasma levels of ANP in cirrhosis with ascites
sufficient to have a natriuretic effect in healthy subjects, together with the presence of renal
sodium retention, indicates a renal resistance to the effects of ANP. This renal resistance
has been confirmed in studies in human and experimental cirrhosis in which pharmaco-
logical doses of natriuretic peptides (ANP or BNP) were administered (56–60). In these
investigations, patients with activation of antinatriuretic systems (RAAS and SNS) had
a blunted or no natriuretic response after ANP infusion. This blunted response can be
reversed by procedures that increase distal sodium delivery in human cirrhosis or by bilat-
eral renal denervation in experimental cirrhosis, suggesting that the renal resistance to
ANP in cirrhosis is related to the increased activity of antinatriuretic systems (61,62).

The role of natriuretic peptides in cirrhosis is not entirely clear. Although most of these
peptides have vasodilator properties, a role in the pathogenesis of arterial vasodilation in
cirrhosis has been proposed but not proved. By contrast, data from experimental studies
suggest that they play an important role in the maintenance of renal perfusion and modula-
tion of RAAS activity, as the selective blockade of the natriuretic peptide A and B receptors
causes renal vasoconstriction and increased PRA and aldosterone levels in experimental
cirrhosis (63). It could be speculated, therefore, that the cardiac synthesis of ANP and
BNP is increased in an attempt to maintain renal perfusion within normal levels and limit
the activation of the RAAS. The mechanism(s) leading to this increased synthesis of natri-
uretic peptides remains unknown.

Renal Factors
A significant number of local renal factors participate in the pathogenesis of ascites for-

mation. The presence of arachidonic acid metabolites, adenosine, and NO, exert powerful
effects on the renal circulation and tubular reabsorption of sodium and water. In cirrho-
sis, one of the arachidonic acid metabolites, the prostaglandins (PGs), normally produced
in the kidney via the cycloxygenase pathway, seem to protect the kidney from the vasocon-
strictor effects of the SNS, RAAS, and AVP. The renal PGs namely, PGI2 and PGE2, have
vasodilator properties in the kidney and are increased in cirrhosis with ascites (64,65).
This increased production of PG contributes to the maintenance of renal hemodynamics.

Adenosine, an endogenous nucleoside produced locally in most cells by the intracel-
lular degradation of adenosine triphosphate, is a potent vasodilator in most vascular beds,
except the kidneys, where it causes vasoconstriction. Adenosine-1 receptors are present on
the afferent arteriole in the kidney and cells of the proximal tubules, whereas adenosine-2



Chapter 5 / Mechanisms of Sodium Retention 71

receptors are found in the systemic vasculature. Stimulation of adenosine-1 receptors leads
to renal vasoconstriction and sodium and water retention, whereas that of adenosine-2
receptors cause vasodilation (66). The possible role of adenosine in the pathogenesis of
renal functional abnormalities in human cirrhosis was evaluated by giving aminophyl-
line (a methylxanthine), that acts as nonspecific adenosine antagonist, to patients with cir-
rhosis and ascites . This agent caused an increase in renal blood flow (RBF), glomerular
filtration rate (GFR), and sodium and water excretion in patients with ascites (67), although
the acute administration of an adenosine-1 receptor antagonist to patients with cirrhosis
and ascites induces a marked increase in sodium excretion and urine flow, without changes
in renal hemodynamics (68). Conversely, the acute administration of dipyridamole, a
drug that acts, at least in part, by increasing the levels of adenosine in the extracellular
fluid caused by inhibition of the cellular uptake of this substance, is associated with renal
vasoconstriction and increased sodium and water retention, particularly in patients with
ascites and increased activity of the RAAS (66). A role for intrahepatic adenosine causing
changes in portal venous blood flow and triggerring an hepatorenal reflex to regulate sodium
and water excretion has been recently proposed (see Chapter 7).

The renal production of NO also participates in the regulation of renal function (69).
Under normal circumstances, NO plays a role in the regulation of glomerular microcircu-
lation by modulating the arteriolar tone and the contractility of mesangial cells. Moreover,
NO facilitates natriuresis in response to changes in renal perfusion pressure, and regulates
renin release (69). The inhibition of NO synthesis in rats with cirrhosis and ascites does
not result in renal vasoconstriction but induces a marked rise in urinary prostaglandin
excretion (70). However, the simultaneous inhibition of NO and PGs synthesis results in
a marked renal vasoconstriction suggesting that NO interacts with PGs to maintain renal
hemodynamics in cirrhosis (71).

FUNCTIONAL RENAL ABNORMALITIES

The most common functional renal abnormalities in cirrhotic patients are an impaired
ability to excrete sodium and water and a reduction of RBF and GFR, the latter two being
secondary to renal vasoconstriction. Sodium retention is a key factor in ascites and edema
formation, whereas an impairment in solute-free water excretion (water retention) is re-
sponsible for the development of dilutional hyponatremia. Renal vasoconstriction, when
severe, leads to HRS. Chronologically, sodium retention is the earliest alteration of kidney
function observed in patients with cirrhosis, whereas dilutional hyponatremia and HRS are
late findings (1,7,72,73) (Fig. 3). In most patients, functional renal abnormalities worsen
as liver disease progresses. However, in some patients a spontaneous improvement or even
normalization of sodium and, less frequently, water excretion may occur during the course
of their disease (74). Improvement of water excretion is associated with an increase or
normalization of serum sodium concentration. Normalization of renal function abnormal-
ities is seen after alcohol abstinence in some patients with alcoholic cirrhosis or alcoholic
hepatitis, but it may occur spontaneously in patients with nonalcoholic cirrhosis as well,
although this is unusual.

Sodium Retention
Cirrhosis with ascites is one of the clinical conditions associated with more avid sodium

retention. It is the most common abnormality of kidney function in patients with cirrhosis
and ascites and plays a fundamental role in the formation of ascites and edema (1,7). As
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in other sodium-retaining states, the total amount of sodium retained by cirrhotic patients,
and the subsequent gain of extracellular fluid, depends on the balance between sodium
intake and sodium excretion. If the amount of sodium excreted in the urine is lower than
that ingested, patients accumulate extracellular fluid as ascites and/or edema. By contrast,
if the amount of sodium excreted in the urine is greater than that ingested, patients lose
extracellular fluid and ascites and/or edema decrease. The important role of sodium reten-
tion in the pathogenesis of ascites formation is further supported by the fact that ascites
can disappear by reducing sodium intake in some patients or by increasing urinary sodium
excretion with the administration of diuretics in others. Although no studies assessing
the chronological relationship between sodium retention and the formation of ascites
have been performed in patients with cirrhosis, studies in experimental animals have pro-
vided conclusive evidence indicating that sodium retention precedes ascites formation,
further emphasizing the important role of this abnormality of renal function in the patho-
genesis of ascites in cirrhosis (72,73). This observation suggests that sodium retention
is a cause and not a consequence of ascites formation in cirrhosis

Sodium is retained along with water iso-osmotically in the kidney (i.e., 1 L of water
for each 135 mEq of sodium). As a consequence, sodium retention is associated with fluid
retention, leading to the expansion of extracellular volume and an increased amount of
fluid in the interstitial tissue. The severity of sodium retention varies among cirrhotic
patients; some have a near-normal urine sodium excretion and some others have severe
sodium retention (75,76) (Fig. 4). Most patients who require hospitalization because of
large ascites have marked sodium retention (<10 mEq/d) on a low-sodium diet and with-
out diuretic therapy (76). In those with mild or moderate ascites, the majority excrete >
10 mEq/d spontaneously (without diuretic therapy). The response to diuretics is usually
better in patients with moderate sodium retention than in those with marked sodium reten-
tion (77). The role of sodium retention in the pathogenesis of ascites is at least demon-
strated by two clinical observations; one is that sodium restriction in some cirrhotic patients

Fig. 3. Time-course of renal functional abnormalities and the relationship to underlying degree of
liver disease in patients with cirrhosis. HRS: hepatorenal syndrome.
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with ascites may be sufficient to eliminate ascites and edema and the other is that diure-
tics, by increasing sodium excretion, relieve ascites, and edema (76).

In cirrhotic patients without ascites or in the preascitic stage there is also evidence of
subtle sodium retention (78–81). The main findings in these patients relate to increased
blood volume (78,82), inability to handle a sodium load (83), and lack of escape to the
sodium-retaining effect of mineralocorticoids (79). In preascites, most patients have an
increased intravascular fluid volume, which suggests they have experienced transient
episodes of sodium retention (78,80,82,84). Additionally, a high-sodium diet or intrave-
nous saline may lead to the accumulation of ascites in preascitic cirrhotic patients (83).
Healthy subjects treated with mineralocorticoids for several days show an early phase
characterized by sodium retention that results in increased extracellular fluid volume
and plasma expansion, followed by increased sodium excretion with return of extracel-
lular fluid volume and plasma volume to normal values despite the persistent administra-
tion of mineralocorticoids. This escape phenomenon is aimed at preventing a persistent
sodium retention and subsequent development of edema and is caused by the suppression
of sodium retaining mechanisms together with activation of natriuretic mechanisms.
When mineralocorticoids are given to patients with compensated cirrhosis, approx 20%
of patients do not show this escape phenomenon and develop marked sodium retention
with formation of ascites and edema (79). Another important feature of preascitic cirrho-
sis is the abnormal natriuretic responses to changes in posture. Cirrhotic patients retain
sodium while upright, and show marked natriuresis when lying down as compared to nor-
mal subjects (85). A role for antinatriuretic systems such as the RAAS has been implicated
in the pathogenesis of sodium retention in preascitic cirrhosis (81,86).

SITES OF SODIUM RETENTION

Sodium retention in cirrhosis is mainly caused by an increased renal tubular reabsorp-
tion of sodium because it occurs in the presence of normal or slightly reduced GFR (75,76).

Fig. 4. Urinary sodium excretion in a series of patients with cirrhosis hospitalised for treatment of
ascites. (From Ginés P, Fernández Esparrach G, Arroyo V, et al. Pathophysiology of ascites. Semin
Liver Dis 1997;17:175, with permission.)
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The exact contribution of each segment of the nephron is unknown but both experimen-
tal and clinical studies suggest that both proximal and distal tubules are involved (87).
Sodium retention is usually more intense in patients with ascites and renal failure than
in those without renal failure. This is because of a reduction in the amount of sodium fil-
tered and possibly a greater increase in tubular sodium reabsorption. The potential medi-
ators for this increase in tubular reabsorption include changes in hydrostatic and colloid
pressure in the peritubular capillaries and increased activity of the two main sodium-
retaining systems that account for the increased sodium retention in cirrhosis: the RAAS
and SNS. The baroreceptor-mediated activation of these systems arising from a decrease
in effective arterial blood volume constitutes a homeostatic response in an attempt to main-
tain arterial pressure within normal limits. Several studies indicate that the activation of
RAAS contributes to sodium retention in cirrhosis (86,88–90). In addition, there is also an
intrarenal activation of RAAS (81). The two final effectors of this system, angiotensin II
and aldosterone, induce marked sodium reabsorption by acting in the proximal tubule and
the collecting duct, respectively (88). Patients with cirrhosis and ascites have increased
urine excretion or plasma levels of aldosterone, which correlate with renal sodium excre-
tion (91). Nonetheless, the strongest evidence for the role of RAAS in sodium derives
from the use of medications that antagonize these systems. The administration of aldos-
terone antagonists successfully promotes diuresis and natriuresis and decreases ascites
in cirrhotics (92). In addition, administration of angiotensin II blockers like losartan also
induce natriuresis when given at low doses (86,93). The SNS is also commonly activated
in advanced cirrhosis and stimulates sodium reabsorption in the proximal tubule, loop
of Henle, and distal and collecting tubules (38,94). There are elevated levels of norepine-
phrine in plasma and increased rates of norepinephrine spillover from different organs in
advanced liver disease (38). Additionally, there is an increase in the α-adrenergic receptor
tone, which results in an enhanced proximal tubular reabsorption of sodium and an ele-
vation in the β-adrenergic receptor tone, which causes an increase in renin secretion (95).

An unanswered question is why a significant proportion of patients with cirrhosis and
ascites present sodium retention despite normal plasma levels of renin, aldosterone, and
norepinephrine, and increased circulating levels of natriuretic peptides (96). Most of
these patients have normal renal plasma flow and GFR. Therefore, sodium retention can-
not be explained on the basis of an impaired renal perfusion or a decreased filtered sodium
load. It has been suggested that an unknown mechanism (renal or extrarenal), extremely
sensitive to changes in effective arterial blood volume would induce sodium retention
at the early stages of decompensated cirrhosis (81). This mechanism(s) would be more
sensitive than the traditional sodium-retaining systems and, consequently, would be acti-
vated earlier in the course of the liver disease (see Chapter 7).

Water Retention

A derangement in the renal capacity to regulate water balance commonly occurs in
advanced cirrhosis (97). The major clinical consequence of this impairment is the appear-
ance of dilutional hyponatremia (sodium serum sodium <130 mEq/L), which occurs
despite avid sodium retention because water is retained in excess of sodium. The esti-
mated prevalence of spontaneous hyponatremia in hospitalized patients with cirrhosis and
ascites is near 30–35% (98,99). However, this figure increases to nearly 70% when water
retention is measured as an inability to excrete water after a water load (76,100) (Fig. 5).
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In preascitic cirrhosis, patients display similar water handling mechanisms when com-
pared to healthy subjects. Impaired water handling is common in cirrhotics with ascites;
as a matter of fact more than two thirds of hospitalized cirrhotics have an abnormal renal
water handling mechanism as indicated by an impaired ability to generate solute-free
water after a water load (Fig. 5) (100). Water retention in cirrhosis usually occurs late in
the disease, follows sodium retention, and is a poor prognostic indicator (100). The patho-
genesis of increased water retention in cirrhosis is complex and involves several factors,
including high levels of AVP and reduced delivery of filtrate to the ascending limb of
the loop of Henle.

Among these factors, AVP is probably the most important factor in the pathogenesis
of water retention in cirrhosis with ascites. The high-plasma AVP levels seen in cirrhosis
are likely to be secondary to a reduced effective intravascular volume. The hemodynamic
changes occurring in cirrhosis (low arterial blood pressure, high cardiac output, and low
total systemic vascular resistance) cause arterial hypotension which unloads the high-
pressure baroreceptors and stimulate a nonosmotic release of AVP with the subsequent
increase in water reabsorption (Fig. 2) (97).

The biological effects of AVP are mediated through three types of receptors present
in target cells (101). These receptors belong to the superfamily of GPCR and are known
as V1a, V1b, and V2. V1a and V1b are associated to the phosphoinositol signaling path-
way with intracellular calcium as second messenger. V1a is responsible for vascular smooth
muscle cell contraction, platelet aggregation, and hepatic glycogenolysis and V1b is ex-
pressed in the anterior pituitary where it mediates adrenocorticotropin release (102). The
V2 receptors are located on the basolateral (capillary) membrane of the principal cells
of the collecting ducts and are responsible for the AVP-induced water reabsorption (102).
The effect of AVP on these receptors is mediated by selective water channels, called aqua-
porins (AQP). The most important one is AQP2. This water channel has been character-
ized in human and rat kidneys and is expressed almost exclusively in the principal cells of
the collecting ducts (103,104). The binding of AVP to the V2 receptor stimulates adenyl

Fig. 5. Urine flow after a water load (20 mL/kg body weight of 5% dextrose IV) in a series of
patients with cirrhosis and ascites. Normal values for healthy subjects are between 8–18 mL/min.
(From Ginés P, Fernández Esparrach G, Arroyo V, et al. Pathophysiology of ascites. Semin Liver Dis
1997;17:175, with permission.)
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cyclase via the stimulatory G protein and promotes the formation of cyclic AMP (cAMP).
This cAMP binds to a regulatory subunit of protein kinase A, which in turn phosphorylates
AQP2, which is then translocated from vesicular bodies present in the cytosol to the lumi-
nal (apical) plasma membrane of the collecting duct cells, and acts as a water channel
thereby increasing water permeability. The water entering the cell by the luminal plasma
membrane leaves the cell through the basolateral membrane and enters the capillaries that
are in close contact with tubular cells. AQP 3 and AQP 4 mediate the exiting of water from
the cells. In contrast with AQP2, which is translocated from the cytosol to the luminal mem-
brane by the action of AVP, AQP3 and AQP4 are constitutively expressed in the basolateral
membrane and their action is not regulated by AVP (103,104). The administration of
newly designed V2 receptor antagonists increases free water excretion and improves dilu-
tional hyponatremia in patients with cirrhosis (105).

Another important mechanism for impaired water excretion in cirrhosis is a reduced
delivery of filtrate to the ascending limb of the loop of Henle, the distal diluting segment
of the nephron (105). To produce solute-free water, tubular fluid has to be delivered to
the distal nephron where sodium is reabsorbed without water. Lithium clearance, which
estimates distal delivery of filtrate, is reduced in patients with cirrhosis and ascites (106).
Also in cirrhotics with ascites, water clearance correlates closely with the GFR, this along
with sodium reabsorption is the main determinant of distal delivery of filtrate. There-
fore, decreased glomerular filtrate and excessive proximal sodium reabsorption may play
a significant role in the impaired free water excretion seen in cirrhosis and ascites.

In most patients, dilutional hyponatremia is asymptomatic, but in some it may be asso-
ciated with symptoms such as anorexia, headache, poor concentration, lethargy, nausea,
vomiting, and, occasionally, seizures. Presently, there is no pharmacological therapy for
dilutional hyponatremia and the only therapeutic measure that improves or stops the pro-
gressive decrease in serum sodium concentration is water restriction to approx 1 L/d.
The administration of hypertonic saline solutions is not recommended because it invari-
ably leads to further expansion of extracellular fluid volume and accumulation of ascites
and edema. Preliminary studies show that two types of aquaretics drugs selectively
increase water excretion in hyponatremic patients with cirrhosis. The first are antagonists
of the V2 receptor of AVP and the second are selective kappa opioid agonists. The former
group of drugs antagonize selectively the water-retaining effect of AVP in the cortical
collecting duct whereas the latter inhibit AVP release from the neurohypophysis. The
beneficial effects of a V2 receptor antagonist (VPA-985) were recently reported in two
phase II multicenter, randomized, placebo-controlled trials in patients with cirrhosis and
dilutional hyponatremia (107,108). These compounds when available for use in clinical
practice will offer a novel therapeutic approach for the treatment of water retention and
dilutional hyponatremia in patients with ascites.

Renal Vasoconstriction
Renal vasoconstriction as manifested by the development of HRS is the latest renal

functional abnormality in patients with cirrhosis and ascites and its pathogenesis involves
several mechanisms, including increased activity of vasoconstrictor factors and proba-
bly a reduced activity of renal vasodilator factors. The degree of renal vasoconstriction
may range from a modest renal impairment which can be detected only by measuring GFR
and renal plasma flow by clearance techniques to a severe renal failure with elevation of
blood urea nitrogen and serum creatinine concentration (109,110). The pathogenesis of
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renal vasoconstriction in cirrhosis is related to changes in systemic hemodynamics. The
most accepted theory considers that renal vasoconstriction is the consequence of the
extreme underfilling of the arterial circulation present in the latter stages of cirrhosis
(20). The pathophysiologic hallmark of HRS is a vasoconstriction of the renal circulation
(111–113). Studies of renal perfusion with renal arteriography, 133Xe washout technique,
para-aminohippuric acid excretion, or, more recently, duplex Doppler ultrasonography,
have demonstrated the existence of marked vasoconstriction in the kidneys of patients
with HRS, with a characteristic reduction in renal cortical perfusion (114,115). The func-
tional nature of HRS has been conclusively demonstrated by the lack of significant mor-
phological abnormalities in the kidney histology and normalization of renal function after
liver transplantation (112,113).

The mechanism of this vasoconstriction is incompletely understood and possibly mul-
tifactorial involving changes in systemic hemodynamics, increased pressure in the portal
venous system, activation of vasoconstrictor factors, and suppression of vasodilator fac-
tors acting on the renal circulation. Other vascular beds, besides the renal circulation, are
also vasoconstricted in patients with HRS, including the brachial and femoral circulation
and the cerebral circulation (16–19,116). This indicates the existence of a generalized
arterial vasoconstriction in nonsplanchnic vascular beds of patients with HRS and sug-
gests that the main vascular bed responsible for arterial vasodilation and reduced total sys-
temic vascular resistance in cirrhosis with HRS is the splanchnic circulation.

The major factors mediated in vasoconstriction and vasodilation of the kidney vascu-
lature in cirrhosis are listed in Table 2. Among these the effectors of the RAAS (angio-
tensin) and SNS (norepinephrine) play a role causing significant renal vasoconstriction,
although direct inhibition of these systems carries the risk of inducing hypotension. Other
vasoconstrictors such as adenosine, cysteinyl leukotrienes seem to play a role in renal
vasoconstriction. On the other hand, renal vasodilators such as PGs, NO, and natriuretic
peptides struggle to maintain renal perfusion. As disease ensues, the maximal stimulation

Table 2
Vasoactive Factors

Potentially Involved in Regulation Renal
Perfusion and Renal Vasoconstriction in Cirrhosis

Vasodilators
Prostaglandin E2
Nitric oxide
Prostacyclin
Atrial natriuretic peptide
Kallikrein-kinin system

Vasoconstrictors
Angiotensin II
Norepinephrine
Neuropeptide Y
Endothelin-1
Adenosine
Thromboxane A2
Cysteinyl leukotrienes
F2-isoprostanes
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of vasoconstrictor factors cannot be counterbalanced by either systemic or renal vasodila-
tors and, as a consequence, severe vasoconstriction of renal vessels occurs and HRS ensues
(see Chapter 23).

THEORIES OF ASCITES FORMATION

 The arterial vasodilation theory was described in an attempt to explain the pathogen-
esis of ascites and renal dysfunction in cirrhosis (20). It is a rational explanation as to why
the hemodynamic changes that occur in cirrhosis are directly related to the development
of ascites and renal failure. This theory (Fig. 2) considers that the primary event of renal
sodium and water retention in cirrhosis is splanchnic arterial vasodilation secondary to
portal hypertension. In the preascitic stage, circulatory homeostasis is maintained by the
development of hyperdynamic circulation (high plasma volume, cardiac index, and heart
rate). However, as the disease progresses and splanchnic arterial vasodilation increases,
this compensatory mechanism is insufficient to maintain circulatory homeostasis. Arterial
pressure decreases causing stimulation of baroreceptors with a homeostatic increase in
the sympathetic nervous activity, renin–angiotensin system activity, and circulating levels
of AVP. This leads to renal sodium and water retention. Sinusoidal portal hypertension
by virtue of causing splanchnic vasodilation produces systemic arterial vascular under-
filling and a “forward” increase in the splanchnic capillary pressure and filtration coeffi-
cient. In patients with compensated cirrhosis, the degree of portal hypertension and
splanchnic arterial vasodilation is moderate. Arterial underfilling is compensated for by
an increase in plasma volume and cardiac output. In these patients, the lymphatic system
is able to return the moderate increase in lymph produced to the systemic circulation,
thus preventing leakage of fluid into the abdominal cavity. As cirrhosis progresses, por-
tal hypertension and decreased splanchnic vascular resistance turn progressively worse
and a critical point is reached in which the consequences of this intense splanchnic arterial
vasodilation cannot be compensated for by increasing lymph return, plasma volume, and
cardiac output. The maintenance of arterial pressure then requires persistent activation
of RAAS, SNS, and AVP, which produce continuous sodium and water retention. The
retained fluid is, however, ineffective in refilling the dilated arterial vascular bed because
it escapes from the intravascular compartment, owing to an imbalance between the exces-
sive lymph production and the ability of the lymphatic system to return it to the systemic
circulation. The final consequence of both disorders is persistent renal sodium and water
retention with ongoing leakage of fluid into the abdominal cavity and the formation of
ascites (Fig. 6).

SUMMARY

Ascites is the most common complication of cirrhosis and its existence is associated
with profound changes in the splanchnic and systemic circulation, as well as renal abnor-
malities. The development of ascites is related to the existence of severe sinusoidal portal
hypertension that causes marked splanchnic arterial vasodilation and a forward increase
in the splanchnic production of lymph. Additionally, splanchnic arterial vasodilation de-
creases effective arterial blood volume and leads to fluid accumulation and renal func-
tion abnormalities which are a consequence of the homeostatic activation of vasoconstric-
tor and antinatriuretic factors triggered to compensate for a relative arterial underfilling.
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In addition to changes in splanchnic hemodynamics, cirrhotics with ascites develop a
hyperdynamic circulatory state characterized by reduced systemic vascular resistance
with low arterial pressure, and increased cardiac output. As a consequence of splanchnic
vasodilatation, central baroreceptors sense decreased plasma volume triggering RAAS,
SNS, and AVP. The net effect is avid retention of sodium and water. The major clinical
consequence of impaired solute-free water excretion is dilutional hyponatremia. Renal
vasoconstriction develops late in the disease and manifests as HRS with elevated creatin-
ine, oliguria, and azotemia. Future areas of investigation that are still needed to help elu-
cidate the role of various substances that contribute to ascites formation and target therapies
for ascites and renal functional abnormalities in cirrhosis are outlined in Table 3.

Fig. 6. Events leading to a forward increase in splanchnic capillary pressure and arterial underfilling
that ultimately lead to ascites formation in cirrhosis.

Table 3
Areas of Future Research in the Area of Ascites Formation

1. Identification of other mechanisms and neurohormonal factors that may play an additional
role in the pathogenesis of sodium and water retention will help to better treat patients
with ascites

2. New therapies targeted at treating portal hypertension before the development of functional
renal abnormalities are needed.

3. In patients with ascites and portal hypertension, new pharmacological therapies aimed at
blocking NO production may help elucidate the role of this factor in cirrhosis.

4. Use of V2 receptor antagonists in dilutional hyponatremia with large-scale efficacy and
safety trials are needed in order validate their use in dilutional hyponatremia.
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INTRODUCTION

This chapter will discuss some consequences of the hepatic hemodynamic distur-
bances that accompany portal hypertension. Fibrosis or other mechanisms that lead to
a restriction of blood flow through the liver have enormous consequences to the entire
cardiovascular system, endocrine processing system, and metabolic homeostasis in gen-
eral. Many systems have evolved to compensate for the disturbances that result from
portal hypertension but some regulatory systems result in a worsening of homeostasis
as a result of confusion at the afferent end of the signaling process. For example, does
the liver respond to a decrease in portal blood flow the same if the decrease is caused by
vasoconstriction of the superior mesenteric artery and subsequent reduction in intestinal
blood flow as it does if blood flow to the hepatic parenchymal cells is reduced because of
portacaval shunt formation? This chapter represents a conceptual focus on our own areas
of expertise with no attempt to provide a detailed literature review. Although the refer-
ences are few, more detailed references are available in the cited reviews and original
articles. The approach taken is to evaluate the effects of increases and decreases in intra-
hepatic portal flow on four vital hepatic areas: the hepatic blood reservoir, hepatic arterial
blood flow, the hepatorenal reflex, and liver cell mass.
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Normally, the liver serves a significant stabilizing cardiovascular volume buffer func-
tion. A decrease in portal blood flow will result in a reduction in intrahepatic pressure
proximal to the hepatic veins. The decreased pressure within this extremely compliant vas-
cular bed results in a passive recoil and a decrease in stressed hepatic blood volume that
results in a transfusion of hepatic blood volume into the central venous compartment
thereby tending to increase venous return and cardiac output. The increased cardiac out-
put will elevate splanchnic blood flow and portal venous flow will be partially corrected
as a consequence. This mechanism may be completely absent in the presence of hepatic
fibrosis and portacaval shunting.

The hepatic arterial buffer response (HABR) theory supplanted the previous view that
metabolic activity of the liver controlled hepatic arterial blood flow in a similar manner
to that regulating the blood flow in other organs. Hepatic arterial blood flow, although
affected by hepatic sympathetic nerves and numerous circulating substances, is primarily
regulated on a moment-to-moment basis by the HABR. The HABR is the inverse arterial
response to changes in portal blood flow and is independent of hepatic oxygen supply
and demand. The HABR is regulated as a result of washout of adenosine from a restricted
vascular space, the space of Mall, by the portal venous flow. If portal flow decreases, ade-
nosine accumulates and results in arterial vasodilation, which tends to counteract the
impact of portal flow changes on total hepatic blood flow. This response tends to main-
tain total hepatic blood flow relatively constant on a moment-to-moment basis, which is
suggested to have important consequences for endocrine homeostasis by virtue of blood
flow–dependent clearance of numerous hormones. Hormonal homeostasis is maintained
by a balance between hormone production and destruction, with destruction generally
being regulated through the liver and often in a blood flow–dependent manner.

The third area of discussion deals with an autonomic reflex that has hepatic portal flow
as the afferent signal and renal salt and water absorption as the efferent limb. Through
this proposed mechanism, decreases in intrahepatic portal blood flow result in accumula-
tion of adenosine (in a manner consistent with the role of adenosine in the HABR) with
adenosine accumulation resulting in activation of hepatic sensory nerves and a reflex acti-
vation of salt and water retention in the kidneys. Although this mechanism is useful to
maintain cardiac output and portal flow in healthy conditions, activation subsequent to
portacaval shunting is proposed to account for salt and water retention in liver cirrhosis
and the hepatorenal syndrome in the final stages of the disease process.

The reduced hepatic portal inflow that occurs by virtue of the induction of portacaval
shunts leads to hepatic parenchymal cell atrophy. Normally, there is a relationship between
total portal inflow and hepatic cell mass that is regulated by the effect of portal flow on
vascular shear stress and the resultant release of nitric oxide. For example, if portal blood
flow through a mass of liver tissue is increased as a result of surgical removal of part of
the liver (portal flow is not controlled by the liver so the entire portal flow must pass through
the remaining liver mass) the increased blood flow-to-liver mass results in a shear stress–
induced release of nitric oxide and initiation of the liver regeneration cascade. When the
liver volume returns to normal levels, thus restoring shear stress, the proliferative mecha-
nism is turned off and liver mass remains at a stable level.

Portacaval shunting provides a false signal of reduced portal flow thus resulting in intra-
hepatic accumulation of adenosine and activation of hepatic arterial dilation, activation of
the hepatorenal reflex and salt and water retention, and hepatic atrophy and hepatocyte
cell mass appropriate for the reduced flow.
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HEPATIC COMPLIANCE

The liver is highly vascularized with hepatic parenchymal cells arranged as a syncy-
tium of hepatocyte plates generally consisting of a single layer of hepatocytes bordered by
sinusoidal cells and blood flow on two sides of the hepatocyte. Approximately 25% of
liver volume is accounted for by blood volume. The large blood volume of the liver serves
an active and dynamic reservoir function with both active and passive changes in hepatic
volume being able to result in expulsion of up to 50% of the total hepatic blood volume
thus leading to a potential transfusion to the central venous compartment of approx 7%
of the total body blood volume. This response is dramatically activated during hemorrhage
and is regulated through both active means including hepatic sympathetic nerves and cir-
culating catecholamines acting to decrease unstressed venous capacitance, and through
the passive effect of reduced intrahepatic flow leading to reduced pressure and subse-
quently reduced stressed volume.

The concept of stressed and unstressed capacitance with specific reference to the role
of the splanchnic circulation has previously been reviewed (1). Unstressed volume is a
hypothetical volume of blood that would remain within the organ at a vascular pressure
of zero. This measurement is obtainable only through extrapolation of pressure volume
curves through the zero pressure axis. The subtle interaction between stressed and un-
stressed volume is beyond the purview of this chapter. Suffice it to summarize that all
known active constrictors of hepatic blood volume do so through changes in the unstressed
volume. Changes in hepatic blood volume that are caused by altered hepatic blood inflow
or passive venous congestion result in changes in intrahepatic pressure with subsequent
changes in stressed hepatic volume determined entirely by the effect of intrahepatic pres-
sure and hepatic compliance.

In diseased states, hepatic autonomic nerve dysfunction is common and can result in
reduced hepatic sympathetic neural expulsion of hepatic blood volume (2). Interestingly,
when the active compensation for hemorrhage is reduced, the decrease in cardiac output
and blood pressure caused by hemorrhage is magnified which results in a more severe
decrease in portal blood flow and an increased passive capacitance effect. The proportion
of hepatic blood volume response caused by active or passive effects is extremely dif-
ficult to quantify but it has been demonstrated that the reduction in hepatic blood volume
that occurs during hemorrhage is associated with a dramatic decrease in portal blood flow.
If the portal blood flow is passively reduced through the use of mechanical occluders on
the superior mesenteric artery, the hepatic blood volume changes can essentially be dup-
licated (3). Partial occlusion of the superior mesenteric artery in dogs led to a reduction
of 2.8 mmHg in portal pressure and a rise of 19% in cardiac output (4). That is, if portal
blood flow is decreased either by hemorrhage or by mechanical means, the decrease in
hepatic blood volume is similar.

The passive response to decreased portal blood flow is dependent upon two parameters,
intrahepatic distending pressure and hepatic compliance. Compliance is defined as the
change in volume per unit change in pressure. The liver is an extremely compliant organ
whose blood volume can more than double as a result of an increase in intrahepatic pres-
sure of approx 8 mmHg (5). The distending blood pressure of relevance is determined
by the relationship between intrahepatic vascular resistance and hepatic blood inflow.
Although somewhat controversial, we have argued extensively that the primary resistance
to hepatic portal blood flow is at hepatic venous sites (6). Blood pressure upstream from
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the hepatic venous resistance sites is therefore determined by the resistance and by the
amount of flow presented to the resistance sites so that an increase in portal flow will result
in an increase in intrahepatic distending pressure and an expansion in hepatic blood vol-
ume. The observation that equal decreases in portal inflow and arterial inflow will cause
equal decreases in hepatic volume provides strong support for the argument that the resis-
tance site of relevance is postsinusoidal (7). Additional complexities in this equation arise
as a result of the extreme distensibility of the intrahepatic venous resistance sites. The
passive high venous resistance distensibility is a mechanism that leads to passive autoreg-
ulation of portal venous pressure (6). For example, if portal blood flow is doubled, portal
venous pressure only increases by approx 2 mmHg as a result of the increases in distend-
ing pressure at the resistance site causing a large passive decrease in resistance. The rela-
tionship between the distending pressure and the resistance has been previously described
mathematically in a way that allows a differentiation between active and passive venous
resistance. Resistance is inversely related to the cube of distending pressure, which is cal-
culated as the mean of the pressure above and below the resistance site (8).

In the presence of portal hypertension but absence of significant portacaval shunts,
changes in portal blood flow will result in substantially greater changes in portal pres-
sure if the diseased state results in reduced vascular distensibility. Compliance (volume)
and resistance site distensibility responses to both volume expansion (9) and to blood loss
would be expected to be reduced in fibrosed livers. The area of research relating the dis-
eased hepatic vasculature to altered venous distensibility and altered responses to stressed
and unstressed capacitance regulation has not been carried out; however, in the presence
of extensive portacaval shunting, it is clear that the passive blood volume buffering role of
the liver in response to changes in intrahepatic portal flow will be completely lost thereby
removing a powerful and versatile stabilizer of overall cardiovascular status.

HABR

Lautt (10) reviewed the historical perspective of the development of the modern hepa-
tic arterial buffer concept. Prior to 1977 (11) it was the consensus strongly and commonly
stated in textbooks and reviews that hepatic metabolic supply and demand regulated
hepatic arterial blood flow in the same manner as arterial blood flow was regulated in
other organs. A survey of the literature indicates that there does not appear to ever have
existed experimental evidence to support this contention. Although many extrinsic fac-
tors such as hepatic sympathetic nerves, circulating hormones and nutrients may dra-
matically affect hepatic arterial blood flow, the primary intrinsic regulator of the arterial
flow appears to be the inverse reaction to changes in portal blood flow. The earliest
studies reporting an effect of changes in portal perfusion on hepatic arterial flow were
credited by Child (12) to Betz in 1863 (13) and Gad in 1873 (14). The discovery of the
mechanism of the HABR is an example of pure serendipity where it was observed that
hemodilution resulting in a dramatic decrease in hepatic oxygen delivery did not result
in the anticipated dilation of the hepatic artery to compensate. Subsequent studies showed
that both increases and decreases in hepatic metabolic activity were without the antici-
pated effects on hepatic arterial blood flow and that the only parameter that appeared to
correlate with changes in hepatic arterial blood flow were the opposite changes in portal
flow (11). A number of alternate hypotheses were tested and rejected prior to demonstra-
tion of the adenosine washout theory (15).
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The intrahepatic vasculature transports arterial and portal blood to the liver through
progressive parallel divisions of these vessels that eventually travel as their terminal
branches through a small space referred to as the space of Mall, which is surrounded by
a limiting plate of hepatocytes. In the space of Mall, the hepatic artery is intimately inter-
twined with the portal venule. The two vessels eventually drain into the hepatic sinusoids.
Adenosine appears to be produced at a constant rate, independent of oxygen supply or
demand, and is secreted into the space of Mall where it serves as a powerful dilator of
the hepatic artery. The concentration of adenosine is regulated by the rate of washout into
the blood vessels that pass through the space of Mall. According to this theory, a decrease
in portal blood flow results in a reduced washout of adenosine and the accumulated ade-
nosine concentration results in dilation of the hepatic artery thus partially compensating
for the decrease in portal blood flow and often compensating fully for the decrease in oxy-
gen delivery (10) even in cirrhotic livers (16).

The role of adenosine as the regulator of the HABR initially appears inconsistent with
the statement that the hepatic artery is generally not controlled by the oxygen supply or
demand to the liver, especially considering the known primary regulators of adenosine
as being the breakdown from ATP to ADP, AMP, and, finally, adenosine or the break-
down of cyclic AMP to adenosine. However, a less-recognized oxygen-independent path-
way leading to adenosine production by demethylation of S-adenosylhomocysteine (17)
that accounts for basal adenosine production in the heart could also account for the pro-
duction in the liver. Evidence consistent with the adenosine hypothesis includes the obser-
vation that adenosine is an extremely potent dilator of the hepatic artery. The hypothesis
also requires that portal blood must have access to the arterial resistance vessels so that
portal flow can wash away adenosine from the area of the resistance vessels. This is shown
by the observation that adenosine administered into the portal blood has ready access to
the arterial resistance vessel sites and therefore should also be able to remove adenosine
from the relevant site. Potentiators of the effects of exogenous adenosine also potentiate
the buffer response and blockers of the effects of exogenous adenosine also inhibit the
buffer response. Dose-response studies indicate the classically recognized ability to block
exogenously administered substances using selective receptor antagonists is substanti-
ally more effective than the ability to block endogenously released substances. Never-
theless, full dose-response studies indicate that a complete and selective blockade of the
dilator effect of adenosine can be achieved using 8-phenyltheophylline (8-PT), which
leaves the response to other dilators, including isoproterenol, intact (18,19).

One area of confusion related to the adenosine hypothesis is based upon the unusual
anatomy of the hepatic microcirculation. The terminal branches of the hepatic portal
venules and arterioles drain into the center of the microvascular unit of the liver, the hep-
atic acinus, which represents a sphere of hepatic tissue of approx 2 mm in diameter. Blood
flows concurrently in adjacent sinusoids and passes approx 16 hepatocytes prior to drain-
ing into the terminal hepatic venules. The microvascular anatomy is such that this unique
separation of inlet and outlet vessels precludes diffusion of products produced by the hep-
atocytes from moving upstream to act on the arterial resistance vessels. Thus, although
the liver is capable of producing huge amounts of adenosine in response to hypoxia or
hemorrhage, this adenosine is produced by hepatocytes that export the adenosine into the
sinusoidal blood that flows downstream and away from the resistance vessels such that the
resistance vessels are not affected by hepatic parenchymal cell adenosine production or
by other dilator substances released from these sites. It should be noted that the putative



90 Lautt and Ming

site of oxygen-independent adenosine production related to the HABR has not been
identified largely because of technical reasons associated with the location of the vascu-
lar regulation and the small spaces where the active regulation occurs surrounded by the
large hepatocyte cell mass.

The HABR is fully maintained in transplanted human livers (20,21) and appears to be
maintained in liver diseases of considerable severity (22–24). The buffer response refers
to the ability of the hepatic artery to offset the impact on total hepatic blood flow of changes
in portal flow. The quantitative value of the hepatic arterial buffer capacity is unclear for
a number of technical reasons. To accurately quantitate the buffer capacity, changes in
portal flow must be induced in the absence of reflex, hormonal, or arterial pressure changes.
These conditions are virtually impossible to attain except in very invasive surgical pro-
tocols. Using such protocols, the buffer capacity has been estimated anywhere from 25%
to 100%, but it must be cautioned that attempts to simply demonstrate the buffer response
by occlusion of either the portal vein or the superior mesenteric artery will produce con-
founding vascular systemic effects (changes in arterial pressure) that will result in arti-
facts. From the functional perspective, however, the important issue is that a change in
portal flow will result in a compensatory change in the arterial flow, which will tend to
maintain hepatic blood flow at a constant level. This is an important mechanism because
the liver is involved with clearance of a wide range of endogenous compounds including
hormones such as aldosterone and corticosterone (25) in a blood flow–dependent man-
ner. Traditionally, when one thinks of regulation of plasma hormone levels, only the endo-
crine gland that produces the hormone is considered. However, for the endocrine gland
to be able to increase or decrease hormone levels, it is important that there be a reasonably
rapid and quite constant clearance of the hormone to serve as a background against which
secretion can lead to fine tuning. If hepatic blood flow is not prevented from rapid, tran-
sient changes secondary to similar changes in the portal blood flow, endocrine homeosta-
sis would be imperiled. It thus seems highly likely that general endocrine and metabolic
homeostasis is subserved by the function of the HABR.

The HABR shows considerable variability in diseased livers. If a HABR response to
brief portal occlusion does not occur prior to establishment of a portacaval shunt to reduce
portal hypertension, those patients will show the greatest reduction in portal pressure (26).
Unfortunately, those are the same patients with the poorest prognosis for survival (27).
The demonstration of an intact HABR by observing an elevated portal and decreased
arterial flow after a balanced liquid meal (28) has been suggested as a tool to assess the
severity of liver disease because this response is decreased in very severely diseased
livers (29). In the case of establishment of significant portacaval shunts, the HABR may
become totally dysfunctional in that changes in portal flow will be reflected in changes
through the portacaval shunts rather than through the liver thereby removing this buffer
capacity. Changes in portal flow can normally result in the full range of arterial vascular
responses from full constriction to full dilation; therefore, it would be anticipated that
the hepatic artery in instances of complete portacaval shunting would be fully dilated
thus benefiting oxygen supply. However, it has been suggested that the buffer capacity
may be insufficient to maintain a normal oxygen supply in cirrhotic livers (30).

THE HEPATORENAL REFLEX
Patients who die from liver disease die in renal failure. It has long been recognized

that in hepatic cirrhosis the disturbance in hepatic portal circulation relates to the patho-
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genesis of sodium and water retention through the activation of a hepatorenal reflex which
acts through the renal sympathetic nerves. Although the efferent limb of the renal dis-
turbance is reasonably defined, the afferent limb has, until recently, remained unclear. A
consensus appears to have arisen that the intrahepatic vascular resistance results in portal
hypertension with the elevated portal pressure serving as the afferent limb of the hepato-
renal reflex. However, such a reflex implies a positive feedback situation whereby the
normal physiology would be associated with an increase in portal blood flow causing an
increase in portal pressure and activation of the hepatorenal reflex. This would result in salt
and water retention and an expanded blood volume leading to increased cardiac output
and increased portal flow with a further increase in portal pressure. The alternate hypothe-
sis of portal flow being the sensed parameters regulating the hepatorenal reflex had not
been previously considered probably mainly because there has never been a suggestion
of regional blood flow being monitored by sensory nerves.

Cirrhosis is characterized by a hyperdynamic splanchnic circulation (31,32), but, because
of the presence of portacaval shunts directing flow around the liver, the blood flow that
directly perfuses functional sinusoidal and parenchymal hepatocytes is actually decreased
(33). We have recently proposed that the afferent limb of the hepatorenal reflex is repre-
sented by an adenosine-mediated sensing of reduced intrahepatic portal flow. A number
of earlier studies provide indirect support for a flow related activation of the hepatorenal
reflex. Using anesthetized dogs, Koyama et al. (34) observed that the partial occlusion
of the portal vein resulted in activation of renal sympathetic nerves that was not related to
increases in either extrahepatic portal pressure or intrahepatic sinusoidal pressure because
intrahepatic sinusoidal pressure was decreased in these studies. Levy and Wexler (35)
found that sodium retention persisted in cirrhotic dogs after an end-to-side portacaval
anastomoses, a maneuver that normalized intrahepatic hypertension but was still asso-
ciated with a dramatic decrease in intrahepatic portal blood flow. Liang (36) reported a lack
of correlation of increased portal pressure with the rate of urine flow at portal pressure
elevations up to 15 cm of water and only at pressures above this level, when portal blood
flow would have been reduced, did the urine flow rate begin to decrease. Most of the studies
purporting to show evidence for portal pressure regulation of the hepatorenal reflex have
also resulted in reduction of intrahepatic portal flow.

The hypothesis relating intrahepatic blood flow to the hepatorenal reflex is supported
by a recent series of publications and ongoing studies reported by us. Because this material
has not been previously reviewed, additional technical information is provided. The first
study (37) was performed in a rat model in which a vascular shunt connecting the portal
vein and vena cava was established to allow for control of the portal venous blood flow.
Partial occlusion of the portal vein close to the hilum of the liver decreased intrahepatic
portal flow and the extra portal flow was allowed to bypass the liver through the shunt
to prevent splanchnic congestion. A 50% decrease in intrahepatic portal flow through
this mechanism did not cause significant changes in systemic arterial blood pressure but
decreased urine flow by 38% and sodium excretion by 44%. Involvement of intrahepatic
baroreceptors was unlikely because intrahepatic sinusoidal pressure was decreased fol-
lowing partial portal vein occlusion. The renal effect of reduced portal blood flow was
completely prevented by hepatic denervation. Because partial occlusion of the portal vein
increased upstream portal pressure by 7 mmHg, another series of experiments used liga-
tion of the superior mesenteric artery to decrease portal flow while also using vascular
snares to prevent an increase in renal arterial blood pressure. This maneuver also decreased
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urine production. These studies provided direct evidence, for the first time, that the
change in intrahepatic portal flow is involved in the regulation of renal function through
a hepatorenal reflex.

To propose hepatic flow as the afferent signal, it is necessary to also propose a mech-
anism by which portal flow can serve as an activator of an afferent reflex limb. Our prior
studies related to the hepatic arterial buffer response indicated that adenosine in the
space of Mall was directly controlled by intrahepatic blood flow. The observation that
the hepatic perivascular region is also rich in sensory nerve endings (38) supported the
feasibility of an adenosine-mediated afferent limb. Adenosine has previously been shown
to activate sensory nerves in the carotid body (39) and in the heart (40). Stimulation of
myocardial adenosine A1 receptors increased the discharge of cardiac afferent fibers and
resulted in an increase in neural discharge of the renal sympathetic efferent fibers in
anesthetized dogs (40,41). It seemed possible, therefore, that a decrease in intrahepatic
portal blood flow through the reduced washout of adenosine and resultant accumulation
of adenosine in the space of Mall could activate hepatic sensory nerves to trigger the hep-
atorenal reflex. Intrahepatic adenosine infusion significantly decreased urine flow and
urinary sodium excretion in the absence of changes in glomerular filtration rate. In con-
trast, intravenous adenosine at the same dose was without any effect on renal function
thereby indicating that the effect of the infused adenosine was through the liver and not
direct action on the kidney. Intrahepatic application of the adenosine receptor antago-
nist, 8-PT, abolished the renal response to intraportal adenosine. Further, both hepatic
and renal denervation abolished the renal response to adenosine thereby proving the reflex
connection (42).

Thus, these data, taken together, are consistent with the hypothesis that reductions in
intraportal blood flow lead to an adenosine-mediated activation of hepatic afferent nerves
that result in a sympathetic reflex to the kidneys causing fluid retention. This response
would serve a useful function in normal physiological conditions where the reduced por-
tal flow would cause fluid retention thereby increasing the circulating blood volume and
cardiac output. The elevated cardiac output would result in elevated portal flow thus cor-
recting the flow imbalance to the liver. In the diseased state with portacaval shunts existing,
the signal would be anticipated to occur as a result of the decreased intrahepatic portal flow;
however, the salt and water retention would not lead to a correction of the intrahepatic
flow, but, rather, would lead to elevated cardiac output and elevated portal inflow which
would simply bypass the liver through the shunts leading to a progressive, inappropriate
reflex accumulation of fluid.

Although our first studies (37,42) demonstrated clearly that the hepatorenal reflex was
mediated by adenosine as the afferent activator responding to reduced hepatic blood flow,
the relationship to the diseased liver state could not be assumed. In a recent study (unpub-
lished observations), we used the liver disease model produced by chronic administra-
tion of the hepatotoxic thioacetamide. Severe fibrosis was demonstrated consistent with
advanced liver disease. Reduced basal urine flow and a reduced ability to excrete a saline
load were demonstrated. The renal dysfunction was partially corrected by intrahepatic
administration of the adenosine receptor antagonist, 8-PT. Thus the hypothesis tested
in the healthy state was consistent with the data from the diseased state. However, at this
point, it must be cautioned that it is not clear whether the adenosine-mediated hepatorenal
reflex seen in the cirrhotic liver was actually secondary to shunt-induced decreases in intra-
hepatic blood flow or whether adenosine may have been increased as a result of a metabolic
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imbalance induced by the disease. Further studies are required to clarify the mechanism
of adenosine production but the data strongly support a therapeutic approach treating the
early renal dysfunction and, perhaps, even the late stage hepatorenal syndrome through
the blockade of intrahepatic adenosine receptors.

BLOOD FLOW REGULATION OF HEPATIC CELL MASS

Similar to the previous section, the relationship between hepatic blood flow and liver
cell mass represents a recent breakthrough that has not previously been reviewed and,
therefore, requires provision of additional technical information. The liver is well recog-
nized to have a unique ability to rapidly regenerate. Perhaps even the ancient Greeks knew
of this remarkable ability because the legend of Prometheus describes the wrathful punish-
ment by Zeus for the sin of revealing the secret of fire to mankind by the unique torture
of the chained Prometheus having his liver plucked out by an eagle by day to be regener-
ated by night, thus perpetuating his torment indefinitely. Although the extent of hepatic
liver regeneration is exaggerated by this legend, it remains a striking observation that fol-
lowing a two-thirds partial hepatectomy to rats, full restoration of liver volume can be
attained within approx 1 wk and 50% of the recovery occurs within 48 h. In a review of
hepatic regeneration, Michalopoulos and DeFrancis (43) indicated that, despite over 100
years of research, the trigger of liver regeneration remained unknown and that the dis-
covery of this trigger would be akin to the big bang theory of evolution of the universe.

Prior to 1954, there were a number of studies that were compatible with the hypothesis
that hepatic blood flow regulated liver cell mass but a few poorly conducted and improp-
erly interpreted studies led to a rapid consensus that hepatic blood flow was not a signif-
icant regulator of liver mass. However, in the process of preparing an extensive review on
hepatic circulation, Greenway and Lautt (44) suggested that the coincidence of enzyme
induction and elevated portal blood flow that had been interpreted to suggest that an
increase in hepatic metabolism and liver volume led to an increase in portal flow were in-
consistent with several clearly defined studies demonstrating that the liver cannot directly
control portal blood flow thereby suggesting that the blood flow may have controlled
liver cell mass. A reasonable mechanism explaining how hepatic blood flow could regulate
liver mass was suggested by the demonstration that portal blood flow caused shear-in-
duced release of nitric oxide thereby suggesting the possibility that either adenosine (see
the Hepatic Arterial Buffer Response section) or nitric oxide could serve as a blood flow–
dependent regulator. Early studies quickly demonstrated that adenosine was not a viable
regulator but nitric oxide was.

The hypothesis suggesting vascular shear stress regulation of hepatic cell mass is based
upon the observation that increases in vascular shear stress in the liver release nitric oxide
which can be shown to have significant impact on vascular responses and metabolic
responses to the sympathetic nerves (45) and on the fact that the liver does not control
portal blood flow. With a two-thirds partial hepatectomy, all of the portal blood flow is
forced to pass through the remaining liver mass thereby increasing the flow-to-mass ratio
by 300%. The suggestion was, therefore, that the hemodynamic consequences of partial
hepatectomy led to shear stress–induced release of nitric oxide, which served as the ini-
tial trigger for the hepatic regeneration cascade.

For a finite event to be proposed as a trigger for the regeneration cascade, the even must
occur immediately after the partial hepatectomy and serve as a trigger for an entire cascade.
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The first studies were based on the previous observation that a wide range of hepatic pro-
liferating factors appeared in the plasma of animals that had been subjected to a partial
hepatectomy at varying time points after the removal of liver mass. A bioassay was used
to detect the presence of proliferating factors by the ability of plasma from a rat with a
partial hepatectomy to stimulate hepatocyte proliferation in vitro. Partial hepatectomy
was demonstrated to result in elevation of proliferating factors that peaked at approx 4 h
after the partial hepatectomy and which could be completely blocked by inhibition of hep-
atic nitric oxide synthase. The response could be restored by provision of a nitric oxide
donor to the liver (46,47).

Subsequent studies evaluated the earliest and latest stages of the regeneration cascade.
At the early stage, we utilized the expression of an immediate early gene that had pre-
viously been shown to reach a peak activation 15 min after partial hepatectomy and was
dependent on the degree of partial hepatectomy performed (48). C-fos activation was
shown to occur in the remnant liver following partial hepatectomy and not in sham-oper-
ated animals (49). c-fos mRNA expression was prevented by blocking hepatic nitric oxide
synthase activation and by blocking prostaglandin production, both of which are regu-
lated by shear stress (Smith-Schoen and Lautt, unpublished observations). Furthermore,
a nitric oxide donor, a phosphodiesterase antagonist, and prostaglandin I2 potentiated
c-fos mRNA expression following partial hepatectomy. Similar pharmacological manip-
ulation resulted in potentiation of liver weight restoration 48 h after partial hepatectomy.
The relation between blood flow and this trigger was supported by the demonstration
that prevention of shear stress following partial hepatectomy blocked the trigger. Occlu-
sion of the superior mesenteric artery decreases hepatic blood flow by approximately two-
thirds and a two-thirds partial hepatectomy increases hepatic blood flow per remaining
liver mass by three times. Therefore, occlusion of the superior mesenteric artery following
a two-thirds partial hepatectomy should prevent the development of shear stress in the
liver. This was shown by a lack of activation of c-fos in this model (49).

Selective ligation of portal venous lobar veins leads to decreased portal flow in the
ligated lobes with compensatory arterial dilation and “elevated” flow to the unligated lobes.
Liver volume adjusts so that flow per unit liver weight is restored by 1 wk and the hepatic
arterial buffer response is maintained (50).

The selective ligation of the left branch of the portal vein resulted in increased portal
flow to the unligated two-thirds of the liver and led to similar elevation in portal pressure
as was achieved by two-thirds partial hepatectomy of the same lobes thus indicating sim-
ilar elevations of shear stress. The resultant elevations in c-fos in the unligated lobes and
the appearance of proliferating factors in plasma were similar and could be blocked by
nitric oxide synthase antagonists (49).

These hemodynamic relationships to shear stress and liver volume have not been stud-
ied in liver disease but the presence of portacaval shunts and altered intrahepatic hemody-
namics could be a major cause of reduced hepatic regenerative capacity in disease states.

CONCLUSION

Intrahepatic circulation is disrupted at the earliest stage of liver disease and becomes
dramatically dysfunctional with progression of the disease state culminating in the for-
mation of portacaval shunts and potential complete absence of portal blood flow to the
liver. Considering the important hemodynamic and metabolic position of the liver, it is
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not unanticipated that there should be a number of quite predictable severe consequences
to this circulatory disruption. In this brief overview, we have described dysfunction of
a number of systems that are normally regulated to maintain hepatic blood flow constant
relative to liver mass. The decrease in the hepatic blood volume reservoir function pri-
marily affects cardiovascular stability by removing a powerful blood volume buffer. The
hepatic arterial buffer response is important for cardiovascular homeostatic and endo-
crine homeostasis and, although still functioning in severely diseased livers, may be antic-
ipated to be fully activated in conditions of maximal portacaval shunting thereby remov-
ing the buffering capacity of this mechanism. The establishment of portacaval shunts
results in reduced intrahepatic blood flow, which activates the normal physiological
compensatory hepatorenal reflex. However, in the presence of the portacaval shunts, the
fluid retention triggered by this reflex does not correct the signaled deficit and, rather,
leads to a progressive and, eventually, devastating cardiovascular disturbance. Finally, the
delicate balance between hepatic blood flow and liver hepatocyte mass would be antici-
pated to be dramatically altered in situations where portacaval shunts occur. The impact
of this latter mechanism in the severely diseased liver is unknown as there may be other
more powerful mechanisms accounting for lack of liver regeneration capacity in the
diseased liver.
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BASIC MECHANISMS OF NEW BLOOD VESSEL FORMATION

The cardiovascular system mainly develops during embryogenesis and only to a limited
extent in postnatal life. This is a complex process that involves proliferation, migration,
and differentiation of endothelial cells and, in a final step, recruitment of smooth muscle
cells to form mature vessels. These are key events in the formation of new vessels that
are spatially and temporally orchestrated through two very-well-differentiated mecha-
nisms of new blood vessel formation: vasculogenesis and angiogenesis.

Vasculogenesis
The term vasculogenesis refers to the de novo differentiation of endothelial cells from

mesodermal precursors and the subsequent formation of an early capillary plexus. In the
developing embryo, vasculogenesis begins when cells derived from the mesoderm form
cellular aggregates termed blood islands that fuse to form the yolk sac capillary network.
In these aggregates, the inner cell population differentiates into hematopoietic stem cells
and the peripheral cell population develops endothelial cell precursors known as angio-
blasts (3,4). Although vasculogenesis mainly takes place during embryonic development,
it has recently been demonstrated that circulating bone-marrow endothelial progenitor
cells (EPCs) may also contribute to vasculogenesis through their incorporation into sites
of active neovascularization such as ischemic myocardium, tumor vasculature, wound
healing, or injured corneas in adult species. Moreover, postnatal vasculogenesis has been
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demonstrated to be involved in the physiological replacement of endothelium in mature
vessels (5,6). However, whether differentiation of EPCs plays an important role in adult
neovascularization still needs to be defined.

Angiogenesis
Angiogenesis is the main process of new vessel formation in postnatal stages and is

defined as the mechanisms by which new capillaries are formed from a preexisting capil-
lary network without the participation of endothelial cell precursors. In adults, this process
is fundamental in reproduction and wound healing and is highly regulated in physiologi-
cal conditions. However, when the balance between angiogenic and antiangiogenic fac-
tors is abnormal, angiogenesis becomes an important pathophysiological agent in a large
number of diseases. For instance, some disorders are characterized by excessive angio-
genesis such as rheumatoid arthritis, tumor growth, psoriasis, or retinopathies, which are
often associated with diabetes. Furthermore, insufficient angiogenesis may lead to a wor-
sening of ulcerations, pulmonary fibrosis, or Crohn’s disease, among others (7–11). Owing
to the wide-spectrum applicability of a therapeutic control in disregulated angiogenesis,
a great effort and resources have been dedicated to understand the fundamental aspects
of angiogenesis. In this regard, two different mechanisms of angiogenesis have been
described so far. The first describes the process by which angiogenesis is generated through
the sprouting of a preexisting vessel and the second refers to the splitting or intussuscep-
tion of a vessel into two new capillaries. Initially, the construction of a vascular network
by sprouting angiogenesis requires the activity of proteolytic enzymes (metalloproteinases,
plasmin, collagenase, plasminogen activator) that catalyze the degradation of extracellu-
lar matrix and basement membranes located between the preexisting vessel and the adja-
cent tissue. After that, endothelial cells undergo morphogenesis, migration, adhesion, and
proliferation to form a vascular sprout, which, in a later phase, is stabilized by the recruit-
ment of mural cells and by the production of a highly specific basement membrane. All
these processes are required in the final sprout to form a functional, mature vasculature (3).
By contrast, intussusceptive angiogenesis is formed by internal division of preexisting
vessels through the formation of transcapillary tissue pillars resulting in two new vascular
entities. Stabilization of pillars, and as a result the newly formed blood vessels, occurs
by invagination of surrounding pericytes and extracellular matrix. The successive repeti-
tion of this process contributes to the expansion of the capillary network (12).

Vascular Endothelial Growth Factor
Vasculogenesis and angiogenesis are complex processes that require coordination

between a number of growth factors and receptor systems that govern proliferation, che-
motaxis, and morphogenesis (Table 1). A considerable amount of information has emerged
in the last decade exploring the mechanism of action of these systems in vascular devel-
opment. Thus, it is impossible to thoroughly explore every aspect of the subject in this
chapter. Accordingly, a basic overview of the VEGF family has been given preference
over other growth factors due to the fact that VEGF plays an irreplaceable role in the
development of the vascular system. Thus, it should be considered that its biological func-
tion must always be placed in a provasculogenic or proangiogenic context of a plethora
of endothelial and mural cell stimuli.

The VEGF system is absolutely required for differentiative, proliferative, and chemo-
tactic responses in vasculogenic and angiogenic processes. This statement is highlighted
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by the fact that embryos lacking a single VEGF allele presented abnormal blood vessel
development (13,14). The VEGF family comprises six known members of structurally
related dimeric glycoproteins: VEGF-A, VEGF-B, VEGF-C, VEGF-D, VEGF-E (from
orf parapox virus), and placental growth factor (PlGF). In addition, alternative exon splic-
ing of the VEGF-A gene generates at least five VEGF isoforms, with 121, 145, 165, 189,
or 206 amino acid residues with different bioavailability and with VEGF-A121 and VEGF-
A165 being the most frequently expressed form. VEGF121 does not bind heparin and is
highly diffusible. In contrast, the higher-molecular-weight species (189 and 206 amino
acid isoforms) contain increasingly basic and heparin-binding residues that mediate their
sequestration in cellular membrane or in ECM from where they can be released by pro-
tease activation and cleavage (15–18).

This family of growth factors binds and activates three VEGF transmembrane tyro-
sine kinase receptors: VEGFR-1 (Flt-1), VEGFR-2 (KDR/Flk-1), and VEGFR-3 (Flt- 4),
which differ in their ligand specificities (Fig. 1). For example, VEGFR-1 is activated with
VEGF-A, VEGF-B, and PlGF homodimers, whereas VEGFR-2 binds VEGF-A, VEGF-C,
VEGF-D, and VEGF-E. These two receptors are predominantly expressed on vascular
endothelium. By contrast VEGFR-3, which is localized mainly in lymphatic endothelial
cells, binds VEGF-C and VEGF-D with high affinity. In addition, there are two more
receptors that lack tyrosine kinase activity. The first is a soluble form of the VEGFR-1
(sVEGFR-1) and the second is a cell surface glycoprotein that has also been identified

Table 1
Example of Molecules Governing Angiogenesis

Putative roles

Molecules Proliferation Chemotaxis Morphogenesis

VEGF Yes Yes Yes
PlGF Weak Yes ?
bFGF Yes Yes Yes
PDGF Yes Yes ?
Angiopoietin-1 No Yes Yes
Nitric oxide Yes Yes ?
Integrin αvβ3 Yes Yes Yes
MMP’s No Yes Yes
Akt No Yes Yes
GM-CSF Yes Yes ?
HIF-1 Yes Yes Yes
TGF-β Inhibition No Yes
VCAM-1 No Yes ?
TNF-α ? No ?
Adrenomedullin Yes Yes ?

VEGF, vascular endothelial growth factor; PlGF, placenta growth factor; bFGF, basic fibroblast growth
factor; PDGF, platelet-derived growth factor; MMPs, matrix metalloproteinases; GM-CSF, granulocyte-
macrophage-colony stimulating factor; HIF- 1, hypoxia-inducible factor; TGF-β, transforming growth
factor β; VCAM-1, vascular cell adhesion molecule-1; TNF-α, tumor necrosis factor-α (3,8,15,26,47,66).
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Fig. 1. Schematic overview of the VEGF family and their interaction with VEGF receptors. The
VEGF family comprises six known members: VEGF-A, VEGF-B, VEGF-C, VEGF-D, VEGF-E,
and placental growth factor (PlGF). This family of growth factors binds and activates three VEGF
tyrosine kinase receptors: VEGFR-1 (Flt-1), VEGFR-2 (KDR/Flk-1), and VEGFR-3 (Flt-4), which
differ in their ligand specificities and biological functions.

as the VEGF165 receptor, neuropilin-1. However, in contrast with the other VEGFRs,
neuropilin is expressed abundantly by both endothelial and nonendothelial cells (15,18).

Gene knockout studies for VEGFR-1 or VEGFR-2 have demonstrated that one of the
most prominent defects in these mutant embryos is the incomplete development of the
vasculature. Close analysis of the mutants revealed that embryos homozygous for the
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VEGFR-2 gene were defective in vasculogenesis and failed to develop blood islands. By
contrast, VEGFR-1 deficient embryos have endothelial cells, but showed a defective re-
organization of endothelium into normal vascular channels, suggesting a differential mech-
anism of signal transduction between the two receptors (19–21). Effectively, numerous
studies have shown that kinase activity of VEGFR-1 is low compared to VEGFR-2 (22).
These findings have led to the hypothesis that VEGFR-1 plays a negative role by acting
as a suppressing signaling receptor for the VEGF system. However, recent studies imply
a positive regulatory role of VEGFR-1 in the regulation of hematopoietic and inflamma-
tory cells (23). VEGF-C and VEGF-D regulate lymphangiogenesis, through their specific
receptor activation (VEGFR-3), which has been linked to human hereditary lymphoed-
ema (24). However, as occurs with VEGFR-1 and -2, VEGFR-3 appears to have an essen-
tial role in the development of functional vascular network during embryonary stages,
when it is still expressed on endothelial cells. Gene-targeting studies have shown that
VEGFR-3 knockout mice display early embryonic lethality due to cardiovascular failure
and defects in maturation of large vessels (25).

Apart from a wide range of growth factors and cytokines, hypoxia is one of the major
stimulators of VEGF-A production through both gene transcription and mRNA stabiliza-
tion, thus providing a compensatory mechanism by which tissues can bypass an inade-
quate oxygen supply through the induction of vasculogenesis or angiogenesis (26).

BASIC MECHANISMS OF VASCULAR REMODELING

Many diseases affecting the mature cardiocirculatory system are associated with struc-
tural modifications of the vessel wall. Systemic and pulmonary hypertension, ischemia,
atherosclerosis, arteriovenous fistula, and aneurysm are among the pathological condi-
tions in which vascular remodeling phenomena have been well documented (27–30). This
active process occurs in response to long-term modifications in hemodynamic condi-
tions (28). The cellular signals involved in this process are not fully elucidated. However,
it is widely recognized that, as the primary sensor of the hemodynamic changes, endothe-
lial cells play a prominent role (27,30). Recent advances in the understanding of the mech-
anisms that govern structural modifications of blood vessels during collateral vessel growth
and chronic changes in blood flow will be discussed.

Collateral Circulation
Native collateral circulation is an effective resource system constituted by preexisting

arterioles that increase in size after stenosis or increased tissular resistance to blood flow.
The aim of this rescue system is to protect tissues from the harmful effects of hypoxia
and ischemia acting as new conductance blood vessels. It is worth noting that in the last
few decades, the concept that describes collaterals as a passive network of preexisting
blood vessels has been modified by a more dynamic definition. Nowadays, a vast major-
ity of publications have demonstrated that collateral vessels have an adaptive and active
growth depending on blood perfusion deficits (7,31,32). However, the dynamic phenom-
enon of collateral growth is not necessarily included within the definition of angiogenesis
because distinct patterns of mechanisms coordinate each process separately. This affirma-
tion is based on the facts that first, the morphology of collateral vessels (preexisting mature
arterioles or venules which differentiate into functional arteries or venules) contrast with
the definition of angiogenesis (which is the formation of new capillaries from a preexisting
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capillary network). Second, collateral growth is not dependent on hypoxic conditions, and
third, collateral vessel growth is absolutely dependent on inflammatory stimuli whereas
angiogenesis may also occur with noninflammatory conditions (7,32).

Endothelial cells not only have an essential role in vasculogenesis and angiogenesis,
but their activation is also a necessary step in collateral vessel growth. Further insight into
these complex mechanisms has come from studies showing that increased flow velocity
in collaterals after decompression of the vascular system is associated with augmented
shear stress (defined as the frictional wall pressure promoted by a laminal flow pattern),
which is the trigger factor for endothelial cell activation (33–35). Although the precise
mechanism as to how endothelium is able to sense shear stress is still unclear, it is known
that this process mediates regulation of gene transcription through shear stress–respon-
sive elements, such as endothelial NOS and some cytokines (36,37), located in the pro-
moter regions of various genes. As a result of endothelium activation, monocyte chemo-
tactic protein-1 (MCP-1), granulocyte-macrophage colony-stimulating factor (GM-CSF),
and endothelial surface receptors are expressed in endothelial cells promoting the recruit-
ment of circulating monocytes to the vascular wall, which is an obligatory step in collateral
growth. After activated monocytes adhere and invade the blood vessel, an inflammatory
environment  is locally created [composed of bFGF, tumor necrosis factor-α (TNF-α),
PDGF-B, TGF-β1, fibronectin, metalloproteinases and plasmin, among other factors],
thereby inducing the remodeling of the extracellular matrix and allowing vessel enlarge-
ment through endothelial and smooth muscle cell growth (3,13,31,32).

NO and Vascular Remodeling
Endothelial cells provide a large surface area that functions as a transductor of mech-

anical stimuli into biochemical events that regulate vascular tone and structure (28,33,
38,39). The identification of the biological factor that acts as a link between sensing and
transduction of signals has been widely studied and although this/these factor/s have not
been fully characterized, it is obvious that NO produced by the endothelium has many
of the requirements that fulfill the condition of being a mediator of vessel remodeling.
This concept is supported by studies in eNOS knockout mice that were performed to ana-
lyze the role of eNOS in vivo. This gene disruption resulted in fertile, viable eNOS−/−
with a hypertensive phenotype an increase in smooth muscle cell growth in response to
vascular injury, predisposition to form neointimal proliferation, and a poor response to
growth factor–stimulated angiogenesis (40–42). In addition, several studies in endothe-
lial cells have demonstrated that frictional wall pressure promoted by a laminal flow of
blood causes the activation of eNOS and induces its gene expression (43,44). Recently,
several reports have convincingly indicated that eNOS activity controls vascular remod-
eling in vivo (30,45). Following a chronic increase in arterial pressure, the vascular wall
undergoes important changes, including augmentation of the muscle mass, rearrange-
ment of cells, augmentation of the wall thickness, and diminution of the vessel lumen.
Conversely, a maintained reduction in blood flow usually results in a diminution of the
muscular mass of the vessel (28). Consequently, Rudic et al. (30) demonstrated that liga-
tion of the left external carotid artery in wild-type mice was associated with a reduction
in lumen diameter and smooth muscle cell number of the ipsilateral common carotid
artery. By contrast, the ligation of the left external carotid artery in eNOS knockout mice
did not correlate with a reduction in lumen diameter in the vessel sensing the remodeling
stimulus. In addition, vessel wall thickness in abnormally remodeled vessels from eNOS
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knockout mice were thicker because of an increase in smooth muscle cell proliferation.
Similar results were reported by Moroi et al., assessing the response to injury in a model
of cuff placement around the femoral artery of mice that mimics features of human athero-
sclerosis. In wild-type animals, cuff placement causes a pronounced and reproducible inti-
mal proliferation that was calculated based on the ratio between the thickness of the intima
and media. Interestingly, this pathophysiological response was greatly exaggerated in
eNOS knockout mice that had a much greater degree of intimal growth (45). These studies
confirm that eNOS is required as a sensor for physiological vascular adaptation to blood
flow and, thus, impaired NO production in blood vessels can promote abnormal vascular
remodeling that may be responsible for pathological changes in vessel wall morphology.

PATHOPHYSIOLOGICAL INDUCTION OF LONG-TERM
STRUCTURAL VASCULAR CHANGES IN PORTAL HYPERTENSION

Angiogenesis
Angiogenesis and structural alterations in the blood vessels are of major importance

under circumstances of adult tissue repair and remodeling such as wound healing, bone
repair, ischemic heart and peripheral vascular disease, tumor growth, and metastasis (7,
9). Therefore, no doubts have been raised as to the existence of important angiogenic
processes in the human cirrhotic liver with a superimposed hypervascular tumor such
as hepatocellular carcinoma. However, whether these changes also occur in advanced
liver disease in the absence of hepatic tumorogenic activity has been the subject of dis-
cussion for the last decades. This possibility is supported by several observations showing
that portal hypertensive rats do experience angiogenic processes. Prominent persistent
abnormalities in the microangioarchitecture of gastric mucosa of portal vein ligated rats
have been described, which could explain the hypertrophic gastropathy observed in cir-
rhotic patients (46). Moreover, in vivo mesenterial angiogenesis assays have shown that
portal hypertension is accompanied by a significant increased in NO-dependent angio-
genesis (47,48), in agreement with the fact that NO is recognized as an important in vivo
and in vitro angiogenic substance. Intravital microscopy studies have also found that fol-
lowing partial portal vein ligation, an extensive neovascularization occurs in the rat hep-
atic arterial system (49). On the other hand, increased angiogenesis and permeability has
very recently been reported in the peritoneal circulation of rats with portal hypertension
and cirrhosis (50).

ACTIVATION OF ANGIOGENIC FACTORS

Ascites is the most common complication of patients with advanced liver disease and
consists in the accumulation of fluid in the peritoneal cavity (51). Ascites has the charac-
teristic of a transudate, with a protein concentration ranging from 0.5 to more than 6 g/dL,
and contains mesothelial cells, leukocytes, and red blood cells (52). Because of this rela-
tively simple composition, ascites has generally been considered to have little influence
on the hemodynamic, renal, and host defense abnormalities occurring in cirrhotic patients.
This concept, however, has recently been challenged by several investigations describ-
ing significant amounts of proinflammatory cytokines, growth factors, vasoactive agents,
or extracellular matrix-forming proteins in ascites of human cirrhotics (53–58). In addi-
tion, several studies have demonstrated that the cellular component of ascites might, to a great
extent, influence the concentration of these substances. Under proper stimulus, resident
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cells in the peritoneal cavity could regulate nonspecific immune response and vascular
permeability and angiogenesis in this area, or in adjacent territories such as the splanchnic
vascular bed. For example, peritoneal macrophages of cirrhotic patients are able to mark-
edly increase VEGF-A protein secretion into ascites in response to cytokines and lipo-
polysaccharide treatment (Fig. 2) or hypoxic stimulation (59,60). Interestingly enough,
this seems to be a specific characteristic of resident macrophages of cirrhotic patients
because this response was not reproduced by peripheral blood monocytes isolated from
healthy subjects. All these conditions may be present during the natural history of decom-
pensated cirrhosis and, accordingly, overproduction of NO, VEGF-A, and adrenomedulin
(ADM) has been described in peritoneal macrophages from cirrhotic patients (59–61).

Spontaneous bacterial peritonitis (SBP) is a relatively common, severe complication
of patients with cirrhosis and ascites (62). Ascites of SBP patients contains larger amounts
of cytokines than that of cirrhotics without peritonitis (63). These patients commonly
develop an accentuation of the circulatory dysfunction already present before infection.
The mechanisms underlying this life-threatening complication are poorly known although
the implication of some local factor/s mainly acting on the splanchnic vasculature could
be suspected, because arteriolar vasodilation and increased vessel permeability mainly
occurs in this territory (64). This hypothesis has been fueled by investigations showing that
peritoneal macrophages of SBP patients also express and produce significant amounts
of NO and VEGF (61,65). In fact, when peritoneal macrophages of cirrhotic patients
with SBP are cultured in vitro; they release detectable amounts of NO and produce huge
quantities of VEGF, although cells from noninfected patients with ascites do not produce
NO and release significantly lower quantities of VEGF. Furthermore, peritoneal macro-
phages from cirrhotic patients with SBP, express the iNOS mRNA and protein whereas
those obtained from ascites of patients without peritonitis do not (61). VEGF mRNA and
protein expression are higher in peritoneal macrophages of patients with SBP that in non-
infected cirrhotics, as well. Moreover, enhanced endothelial cell proliferation induced
by conditioned medium of macrophages isolated from the ascites of SBP patients is abol-
ished by anti-VEGF antibody and peritoneal tissue of cirrhotic patients expresses both
VEGF receptors, Flt-1 and KDR (65). These results are consistent with the concept that
locally released VEGF may result in increased vascular proliferation and linkage in peri-
toneal vessels of cirrhotics with SBP.

Hypoxia has also been demonstrated to be an inducer of vasodilator agents with angio-
genic properties in human peritoneal macrophages. In vitro studies recently showed that
an O2 tension within the range of that found in the ascites fluid is able to promote the syn-
thesis of VEGF and ADM in macrophages of cirrhotic patients, likely through HIF-1
enhanced transcriptional activity (59). Thus, this study lends support to the notion that
hypoxia-induced release of ADM and VEGF in peritoneal macrophages may serve as an
endogenous mediator of vascular neoformation and angiogenesis in human cirrhosis.

Collectively, these data indicate that ascites is, under different pathological circum-
stances, a liquid containing remarkable concentrations of substances with proangiogenic
properties, suggesting, therefore, that ascites accumulation in the peritoneal cavity may
markedly influence the structure and development of the circulatory tree in this territory.
In this regard, recent in vivo and in vitro experiments have demonstrated that ascites of
cirrhotic patients behaves as a powerful inducer of angiogenesis, a phenomenon in which
activation of the phosphoinositide 3-kinase/AKT signaling pathway seems to be of major
relevance (66).
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Vascular Collateralization
The development of portal–systemic collateral vessels between the portal vasculature

and the systemic venous system is one of the major causes of complications of portal
hypertension. However, it has been a matter of discussion whether the development of
the portal collateral venous system is exclusively dependent on portal pressure or portal
venous inflow. In this regard, early work by Halvorsen et al. (67) proposed that collateral
vessels arise from the passive dilatation of preexisting venous channels in portal vein–

Fig. 2. Immunocytochemical localization of VEGF-A protein in human peritoneal macrophages.
Cells were obtained by paracentesis, centrifuged, and seeded on slides. After fixation, cells were
stained for VEGF-A. (A) Peritoneal macrophages of a cirrhotic patient cultured for 48 h. (B) Perito-
neal macrophages of the same patient cultured for 48 h in the presence of tumor necrosis factor-α,
interleukin-1β, and lipopolysaccharide (original magnification ↔400). Reprinted with permission
from ref. 65.
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ligated rats. More recently, increased flow and pressure through preexisting collateral
vessels have been shown in mice with schistosomiasis, a natural disease model of portal
hypertension (68). It should be noted, however, that this is not a passive phenomenon merely
explained by the increased pressure in the intrahepatic vascular tree. As in other territories,
the endothelial cell monolayer accurately regulates vessel tonicity in this area. In situ
portal–systemic collateral perfusion models have demonstrated that the NO synthase
activity inhibitor, L-NNA, prevents the acethylcholine-induced dilatation of the collat-
erals in portal hypertensive rats (69). Further indications for a role of NO in the regula-
tion of collateral circulation development and function have arisen from studies performed
by two independent laboratories showing that NO inhibition reduces portal–systemic
shunting and enhances the constrictive response of collateral vessels to vasopressin,
without affecting portal pressure (70,71). Finally, antiangiogenic treatments have proven
to be efficacious in reducing the formation of portal systemic collateral vessels and splanch-
nic vasodilation in portal hypertensive rats (72). Therefore, there is a substantial amount
of information strongly indicating that, in addition to the opening of preexisting vessels,
development of collateral channels or shunts in portal hypertension is also associated with
active mechanisms promoting vascular neoformation and angiogenesis.

Vascular Remodeling in Conductance Vessels
Reduced arterial pressure, high cardiac output, low peripheral resistance, endothelial

dysfunction, altered vascular reactivity, and increased circulating levels of endogenous
vasoactive substances are characteristic features in advanced liver disease (1,73). In
most cases, this marked cardiovascular dysfunction develops over a long period of time,
thus making the existence of vascular remodeling processes in the circulatory tree of
patients with decompensated cirrhosis extremely likely. Because endothelium-derived
NO plays a central role in regulating the structure of the vessel wall, this contention is
further supported by numerous investigations showing increased NO-dependent vaso-
relaxation (74), higher production of endothelium-derived NO (75), and increased vascu-
lar expression of eNOS mRNA and protein (73) in humans and rats with cirrhosis.

Studies performed in rats with CCl4-induced cirrhosis and ascites recently demon-
strated that these animals undergo an intense process of vascular remodeling (76). The
most remarkable features of this phenomenon are a decrease in the thickness and the total
area of the vascular wall (Fig. 3). In addition, a reduction in the vascular production of
NO resulted in a significant improvement in the architectural distortions observed in the
arterial vessels of these animals indicating that endothelium-derived NO also has an
important role in the control of vascular morphology in experimental cirrhosis. These
results also raise the hypothesis that the hyperdynamic circulation in cirrhosis, results in
a chronic increase in endothelium-derived NO in large conductive vessels which pro-
motes an important architectural modification in structure of these vessels further con-
tributing to the aggravation of the circulatory dysfunction already existing in this disease.
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INTRODUCTION

The concept that chronic liver disease and portal hypertension are accompanied by
widespread alterations in vascular tone that have important clinical consequences has
developed over the last 50 yr and relevant mechanisms for systemic vascular changes
are outlined in Chapter 5. However, it has been only over the last 15 yr that specific car-
diopulmonary abnormalities associated with the presence of liver disease and portal
hypertension have been widely appreciated and submitted to investigation. These abnor-
malities include cirrhotic cardiomyopathy and two distinct alterations in the pulmonary
vasculature: the hepatopulmonary syndrome (HPS) characterized by microvascular dila-
tation and portopulmonary hypertension (POPH) characterized by vasoconstriction and
remodeling. These entities may share pathogenetic mechanisms with systemic vascular
alterations and with each other, although each has unique features. Here, we will address
our current understanding of the pathogenesis of these cardiopulmonary complications
of portal hypertension.

CIRRHOTIC CARDIOMYOPATHY

Clinical Studies
Following the recognition of the hyperdynamic circulatory state in liver disease, studies

performed in alcoholic cirrhosis (1,2) revealed a subnormal cardiac contractile response
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in situations of increased demand. The initial assumption was that alcohol was the cause
of the observed cardiac dysfunction. Over the last 20 yr, it has been established that the
cardiac response to physiologic and pharmacologic stresses may be impaired in many
different etiologies of human cirrhosis and also in experimental models (for review, see
refs. 3 and 4). These observations have resulted in the recognition that a unique form of
high output cardiac dysfunction occurs in liver disease. Cardiac dysfunction is often
mild or latent in cirrhosis, a finding some have attributed to the afterload-reducing effects
of systemic vasodilatation that decrease cardiac work (5). Impairment in both systolic
function under stress and diastolic filling have been reported in humans (6–9). Cardiac
abnormalities have been found commonly in both compensated and decompensated liver
disease and in noncirrhotic portal fibrosis (6–10), but no studies have evaluated prehep-
atic portal hypertensive patients.

Experimental Studies
The pathogenesis of abnormalities in cardiac function in liver disease has largely been

investigated in experimental models and a number of alterations have been described. In
carbon tetrachloride–induced cirrhosis, cardiac output fails to rise after volume loading
(11) and in common bile duct ligation (CBDL) cirrhosis and partial portal vein ligation
(PVL), blunted chronotropic responses to β-adrenergic agonists are observed (12,13).
These findings are similar to the impaired systolic function under stress seen in human
studies. The finding that both prehepatic portal hypertension and cirrhosis models have
altered cardiac responses to stress suggests that portal hypertension may be an important
underlying event. However, the cardiac abnormalities described in PVL animals differ
from those seen in cirrhosis models. Specific alterations described in cardiac myocytes
in these experimental models are summarized below (Fig. 1).

β-ADRENERGIC RECEPTOR SIGNALING

Alterations in cardiac myocyte β-adrenergic signaling have been found in human and
CBDL cirrhosis (12,14,15) and correlate with the blunted cardiac responsiveness to
agonists. Specifically in CBDL, a decrease in β-adrenergic receptor and stimulatory GS-
protein membrane levels and function (16), uncoupling of the receptor–ligand complex
from G-protein (15) and decreased activity of adenylate cyclase have been found (16, 17).
Some of the functional changes have been attributed to altered myocyte membrane fluid-
ity (17). These results were not accompanied by compensatory increases in cardiac mus-
carinic receptors (18). In contrast, in PVL animals, the decrease in responsiveness to β-
adrenergic agonists was not associated with the above alterations but was associated with
downstream effects on cellular calcium signaling (see below, 19–21).

CELLULAR CALCIUM AND POTASSIUM KINETICS

Cardiac myocyte calcium signaling has been found to be inhibited in both the CBDL
and PVL models (21,22). After CBDL, a decrease in membrane L-type calcium channel
content and function were shown whereas intracellular calcium signaling was unaffected
(22). In PVL animals, similar effects on L-type calcium channels were observed, but in
contrast, the caffeine-sensitive sarcoplasmic reticulum calcium pool was found to be
decreased (21). Ventricular myocyte K+ currents are also diminished in CBDL animals
and are proposed as a mechanism for the prolonged Q-T interval seen on electrocardio-
grams in cirrhotic patients (23).
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NITRIC OXIDE (NO)
Nitric oxide (NO) has been established to play a multifaceted role in physiologic and

pathophysiologic regulation of cardiac contractility and this area is evolving and has
been extensively reviewed (24,25). In noncirrhotic models of heart failure both endothe-
lial nitric oxide synthase (eNOS) and inducible nitric oxide synthase (iNOS) overexpres-
sion have been implicated in depressed contractility, largely through effects on β-adre-
nergic stimulation (25). Specifically, enhanced cGMP mediated degradation of cAMP
and inhibition of L-type calcium channels and intracellular calcium release have been
observed (24,25). The administration of a NOS inhibitor to isolated cardiac preparations
from CBDL animals resulted in improved contractility supporting a role for NO in cir-
rhotic cardiac dysfunction (26). Subsequent studies documented iNOS, but not eNOS,
overexpression in CBDL hearts with increased cardiac cGMP levels (27). Circulating
levels of tumor necrosis factor alpha (TNF-α) and interleukin-1 β (IL-1β) were increased
in these animals and were presumed to be the stimulus for increased myocyte iNOS ex-
pression. In papillary muscle preparations, NOS inhibition improved basal and IL-1β–
mediated decreased contractility while exogenous NO depressed contractility (27). In
contrast, in PVL animals, cardiac iNOS alterations were not observed and NO did not
appear to play a role in the observed cardiac dysfunction (28). Together, these results dem-
onstrate a role for NO in depressed cardiac contractility in CBDL animals and suggest
that cytokine-mediated iNOS expression may be involved. The observation that PVL

Fig. 1. Potential mechanisms of cardiac myocyte dysfunction in experimental cirrhotic cardiomyop-
athy. See text for details. PVL, partial portal vein ligation; CBDL, common bile duct ligation; TNF-α,
tumor necrosis factor alpha; IL-1β, interleukin-1 beta; cAMP, cyclic adenosine monophosphate;
cGMP, cyclic guanosine monophosphate; iNOS, inducible nitric oxide synthase; HO-1, heme oxy-
genase 1; NO, nitric oxide; CO, carbon monoxide.
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animals do not have iNOS overexpression is in line with the findings by some that
bacterial translocation does not occur at later time points after PVL (29). This difference
from cirrhotic animals could also provide one hypothesis to explain the recent finding
that echocardiographic findings are less apparent in patients with noncirrhtoic portal
fibrosis than in those with cirrhosis (10). However, the mechanisms through which PVL
influences cellular calcium signaling remain undefined. Finally, whether oxidative stress
and NO-derived reactive oxygen species contribute to myocyte dysfunction in human
or experimental cirrhotic cardiomyopathy as has been postulated in noncirrhotic cardi-
omyopathy has not been explored (25).

HEME OXYGENASE AND CARBON MONOXIDE

Much less is known about the role of heme oxygenase (HO) in cardiac function. To
date, experimental studies support that expression of the inducible form of the enzyme,
HO-1, is protective in cardiac ischemia–reperfusion injury (30,31). However, HO can
also increase cGMP levels through production of carbon monoxide (CO) and activation
of soluble guanylate cyclase resulting in effects similar to those described for NOS. In
CBDL animals, left ventricular HO-1 expression and HO activity have been found to be
significantly increased (32). The cellular source of HO-1 has not been identified, but is
assumed to be the myocyte. Treatment with zinc protoporphyrin, an inhibitor of HO activ-
ity, in vivo decreased ventricular cGMP content and in isolated papillary muscle prepa-
rations improved contractility. Furthermore, administration of CO depressed papillary
muscle contractility. These findings suggest that HO-1 overexpression may contribute to
impaired contractility in experimental cirrhotic cardiomyopathy.

Summary
Recognition of cirrhotic cardiomyopathy has increased. Human studies demonstrate

both systolic and diastolic cardiac abnormalities. Experimental studies have identified
multiple abnormalities within myocytes including abnormalities in β-adrenergic signal-
ing and plasma membrane and intracellular calcium kinetics possibly mediated through
increased iNOS and HO-1 expression and cGMP generation in cirrhotic models. These
studies also suggest that the pathogenesis of changes in cardiac myocyte contractility may
be different in noncirrhotic and cirrhotic portal hypertension. However, whether similar
changes occur in human disease and how the observed experimental findings contribute
to diastolic abnormalities seen in humans remain unknown.

HEPATOPULMONARY SYNDROME

Clinical Studies
The association between liver disease and vascular abnormalities in the lung has been

recognized for more than 100 yr (33). However, the term “hepatopulmonary syndrome”
was not used until 1977 (34) to describe what is now recognized as pulmonary microvascu-
lar dilatation resulting in impaired oxygenation (35). HPS develops in 15–20% of patients
with cirrhosis (35,36) and is generally progressive. Mortality is increased in cirrhotic
patients with HPS relative to cirrhotic patients without HPS (37). There have been few
studies evaluating the pathogenesis of human HPS and to date, NO is the only mediator
that has been assessed. Early work demonstrated that exhaled NO levels, used as a mea-
sure of pulmonary production, are increased in patients with HPS and normalize after
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transplantation as HPS resolves (38–40). However, exhaled NO levels may also be in-
creased in cirrhosis in the absence of HPS (38). In more recent work, the acute adminis-
tration of methylene blue, an inhibitor of the action of NO through soluble guanylate
cycl-ase and inhaled NG-nitro-L-arginine methyl ester, a NOS inhibitor, transiently im-
proved oxygenation in HPS (41,42). Finally, in one cohort, elevated circulating proges-
terone levels, which can modulate eNOS-mediated NO production in vitro, were found
to cor-relate with the presence of intrapulmonary vasodilatation and gas exchnage ab-
normalities in patients with HPS (43,44). These studies support that NO contributes to
pulmonary vasodilatation in human HPS, although the stimulus for and source of in-
creased NO pro-duction remain incompletely characterized. In addition, whether other
mediators influence pulmonary vascular tone has not been evaluated.

One hypothesis for the pathogenesis of HPS is that the mechanisms that trigger HPS are
the same as those that trigger systemic vascular alterations in cirrhosis and portal hyper-
tension. However, it has recently been appreciated that HPS can occur across a spectrum
of liver disorders in the absence of established cirrhosis or portal hypertension. Specifi-
cally, HPS has been reported in hepatic venous outflow obstruction without cirrhosis (45),
in extrahepatic portal venous obstruction (46), and in acute (47) and chronic (48) hepatitis.
Together, these studies suggest that the pathogenesis of HPS may involve distinct mech-
anisms from those associated with systemic vasodilatation in cirrhosis.

Experimental Studies
The recognition by Chang et al. that CBDL cirrhosis also results in a decrease in pul-

monary vascular resistance and gas exchange abnormalities analogous to human disease
provided a model system to study HPS (49). These early studies found an influx of pul-
monary intravascular macrophages in CBDL cirrhosis, and suggested that vasoconstric-
tive eicosanoid production might contribute to lung abnormalities but did not directly
measure intrapulmonary vasodilatation (50). Extension of these findings using an in vivo
awake microsphere technique to size the pulmonary microcirculation documented the
development of progressive pulmonary microvascular dilatation and gas exchange abnor-
malities without lung injury (51). The onset of HPS after CBDL occurs prior to the devel-
opment of cirrhosis and in advance of the full expression of portal hypertension or systemic
vasodilatation (51). In contrast, PVL resulting in portal hypertension in the absence of
cirrhosis and thioacetamide (TAA)–induced hepatocellular cirrhosis do not result in the
development of HPS (52). These studies suggest that experimental biliary cirrhosis
results in a unique sequence of abnormalities leading to HPS. Studies over the last 6 yr,
described below, have begun to identify and characterize this sequence of events (Fig. 2).

NO

Based on findings in humans, the role of NO in experimental HPS has been investigated.
Increased pulmonary vascular endothelial eNOS levels and enhanced NO activity in
lung and pulmonary artery segments are found after CBDL and correlate with the devel-
opment of HPS (53). Increased pulmonary iNOS expression, localized to intravascular
macrophages, has also been found in some but not all studies (53–55). A recent detailed
analysis of changes in NOS expression over time after CBDL has documented a transient
significant increase in iNOS expression in intravascular macrophages in 3 wk CBDL
animals that is not sustained while eNOS levels remain elevated and correlate with vaso-
dilatation and gas-exchange abnormalities (55). In addition, two studies have shown that
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the administration of NOS inhibitors can prevent or improve experimental HPS, con-
firming a role for enhanced NO production in pathogenesis (54,56). Finally, no increase
in pulmonary eNOS or iNOS expression is seen in PVL animals and only a small increase
in pulmonary intravascular macrophage iNOS expression is seen in TAA animals, two
models where HPS does not develop (52). Together, these studies support an important
role for NOS derived NO in experimental HPS although the precise contribution of endo-
thelial eNOS and macrophage iNOS in producing NO remains controversial.

HO-1 AND CO
HO-1 has important protective effects on oxidant injury in the lung and can influence

vascular tone through its enzymatic products, most notably CO (57). Expression of HO-
1 can be modulated by a wide range of agents increased in liver disease, including inflam-
matory cytokines and NO (57). Based on these observations, HO-1 expression in the lung
has been evaluated in experimental HPS. Lung HO-1 expression is markedly increased
after CBDL and appears to contribute to the blunted hypoxic pulmonary vasoconstric-
tive response based on the fact that the response is partially restored by HO inhibition
(58). Furthermore, chronic NOS inhibition in vivo blocked the increase in HO-1 expres-
sion suggesting that NO may drive HO-1 expression. Subsequent studies documented that
the increase in HO-1 occurs predominately in pulmonary intravascular macrophages as
HPS progresses and is associated with increased lung HO activity and increased circu-
lating carboxyhemoglobin levels (59). In vivo HO inhibition for 1 wk with tin protopor-
phyrin decreased intrapulmonary vasodilatation, improved gas exchange, and normalized
lung HO activity and carboxyhemoglobin levels in CBDL animals. Treatment did not
result in appreciable lung injury over the timeframe studied. In addition, HO inhibition

Fig. 2. Potential mechanisms of intrapulmonary vasodilatation in experimental hepatopulmonary
syndrome. See text for details. TNF-α, tumor necrosis factor alpha; ETB R, endothelin B receptor;
iNOS, inducible nitric oxide synthase; eNOS, endothelial nitric oxide synthase; HO-1, heme oxy-
genase 1; NO, nitric oxide; CO, carbon monoxide.
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resulted in an increase in macrophage iNOS levels supporting that CO may also inhibit
macrophage iNOS expression. Increased HO-1 expression was not seen in PVL- or TAA-
induced cirrhosis (52). These findings support a role for HO-1 overexpression in pulmo-
nary intravascular macrophages in the progression of experimental HPS, presumably
through CO mediated cGMP production. In addition, they support that NO and CO may
influence HO-1 and iNOS expression, respectively.

ENDOTHELIN-1 (ET-1) AND HPS

Endothelin-1 (ET-1) is classically recognized as a locally produced vasoconstrictor
acting through the vascular smooth muscle endothelin A receptor (ETA) (60). It was ini-
tially evaluated in CBDL animals to define if a defect in lung vascular production contrib-
uted to pulmonary vasodilatation. However, lung levels were not altered after CBDL,
whereas hepatic production and plasma levels of ET-1 significantly increased within 1
wk, prior to the development of cirrhosis or a hyperdynamic state (52,61). The magni-
tude of the increase in plasma ET-1 levels after CBDL correlated with the rise in pulmo-
nary eNOS levels, the degree of intrapulmonary vasodilatation, and the severity of gas-
exchange abnormalities (62,63) suggesting that circulating ET-1 might contribute to
vasodilatation rather than vasoconstriction in the lung. Although hepatic production
(62–64) and circulating levels of ET-1 (63,65,66) are increased in other forms of expe-
rimental and human cirrhosis, levels are lower in these situations and are found only in
advanced disease in the presence of marked hyperdynamic changes and ascites. Hepatic
production and plasma ET-1 levels were not increased in PVL animals or in TAA cirrho-
sis where HPS does not develop (52). Furthermore, proliferating biliary epithelium and
reflux of biliary cyst fluid into the circulation were postulated to be important and unique
sources of circulating ET-1 after CBDL (63,67).

Subsequent studies revealed that chronic ET-1 infusion increased pulmonary eNOS
levels and triggered HPS in PVL, but not in normal, animals, supporting that portal hyper-
tensive animals are uniquely susceptible to ET-1–mediated pulmonary vasodilatation.
Similarly, exogenous ET-1 increased eNOS levels and NO production in isolated pulmo-
nary artery segments from PVL and CBDL animals but not normals and in cultured pul-
monary microvascular endothelial cells (61,63,68). The effects of exogenous ET-1 were
prevented by inhibition of the endothelin B (ETB) receptor, which is recognized to acti-
vate eNOS in the endothelium. Recently, a selective increase in pulmonary microvascu-
lar endothelial ETB receptor expression has been found in experimental cirrhosis and
portal hypertension (CBDL, PVL, and TAA) compared to normals (52,61). These findings
support that increased pulmonary endothelial ETB receptor expression in the setting of
cirrhosis or portal hypertension may be the event that predisposes animals to ET-1 medi-
ated eNOS activation and intrapulmonary vasodilatation. However, the mechanisms under-
lying ETB receptor alterations in liver disease remain undefined.

BACTERIAL TRANSLOCATION, TNF-α, INTRAVASCULAR MACROPHAGES, AND HPS

The observation that bacterial translocation from the gut to mesenteric lymph nodes
increases in cirrhosis and contributes to the production of proinflammatory cytokines,
including TNF-α, that induce splanchnic endothelial eNOS overexpression (69) and can
modulate iNOS expression prompted evaluation in experimental HPS. CBDL has been
found to cause increased translocation of Gram-Positive and Gram-Negative organisms
to mesenteric lymph nodes (70). Oral treatment with norfloxacin, beginning at the time of
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CBDL surgery, decreased Gram-Negative translocation, reduced the number of pulmo-
nary intravascular macrophages and iNOS levels, and improved HPS. HO-1 and CO
were not evaluated. Of note, treatment was not associated with amelioration of the hyper-
dynamic state or a reduction in pulmonary eNOS levels. This finding supports that bac-
terial translocation modulates the accumulation of intravascular macrophages and iNOS
levels and contributes to HPS after CBDL. Subsequent studies demonstrated that macro-
phage accumulation begins within 1 wk after CBDL, but is not associated with iNOS or
HO-1 expression until 3 wk after ligation (59). This observation suggests that the initial
adhesion of macrophages may occur through different mechanisms than the subsequent
activation. Finally, evaluation of circulating TNF-α levels in relation to the development
of HPS has been undertaken in the CBDL and TAA models and after chronic ET-1 infusion
in PVL animals. In TAA cirrhosis, circulating TNF-α levels are significantly greater than
those seen after CBDL and are associated with a modest increase in macrophage accumu-
lation but not with the development of HPS (52). In addition, ET-1 infusion in PVL animals
is associated with an increase in TNF-α levels and an increase in lung intravascular macro-
phage accumulation suggesting that interplay between ET-1 and TNF-α may be impor-
tant in the full expression of experimental HPS. However, whether bacterial translocation
and TNF-α modulate hepatic or circulating ET-1 or influence ETB receptor expression
is not known.

Summary
Excess NO production appears to play a central role in both human and experimental

HPS. In experimental HPS, pulmonary endothelial expression and activation of eNOS
and intravascular macrophage accumulation and production of iNOS have been identi-
fied as sources of NO production. In addition, recent studies support that macrophage
HO-1 and CO production may be important in the progression of vasodilatation. The mech-
anisms underlying the sequence of molecular alterations in experimental HPS are under
investigation. Early hepatic production and release of ET-1 and increased pulmonary
endothelial ETB receptor expression appear to trigger eNOS after CBDL and correlate
with the onset of vasodilatation. Bacterial translocation and TNF-α production appear
to enhance intravascular macrophage accumulation and iNOS and HO-1 expression and
contribute to progression of vasodilatation. Recent work suggests that ET-1 and TNF-α
may interact to contribute to the full expression of experimental HPS. Defining the pre-
cise interactions between ET-1 and TNF-α in the pathogenesis of experimental HPS and
determining if similar mechanisms and alterations are in play in human HPS are impor-
tant ongoing areas of investigation.

PORTOPULMONARY HYPERTENSION

Clinical Studies
The initial observation that pulmonary arterial hypertension can occur in the setting

of cirrhosis and portal hypertension was made more than 50 yr ago (71). Since that time,
POPH has evolved from a rare complication of liver disease to an increasingly important
and relatively common disorder (72). POPH is now established to occur in both cirrhotic
and noncirrhotic portal hypertension and portal hypertension has been assumed to be a
key underlying event. However, POPH has also been recognized in the absence of portal
hypertension (73). The prevalence of POPH does not appear to correlate with the sever-
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ity of underlying liver disease, although there is controversy over whether it correlates
with the degree of portal hypertension (72). In addition, recent studies suggest that POPH
is more commonly recognized in patients undergoing evaluation for liver transplantation
or in those with refractory ascites (74). There are no specific human studies on pathogen-
esis of POPH, though a recent study has found that circulating ET-1 levels are higher in
cirrhotic patients with refractory ascites and POPH than in those without POPH (74).
Because POPH and HPS both may develop in the setting of underlying cirrhosis and por-
tal hypertension, it is reasonable to postulate that they may share some common mediators
and mechanisms.

Experimental Studies
There are no identified models of portopulmonary hypertension, although an array of

potential contributors have been considered and reviewed based in large part on data
from primary pulmonary hypertension (72,75). A general framework places pulmonary
endothelial dysfunction or injury at the center of the vasoproliferative response leading
to pulmonary arterial hypertension (Fig. 3). In addition to genetic factors and specific
vasoactive mediators implicated in primary pulmonary hypertension, increased shear
stress, inflammatory cytokines, and an imbalance of vasoactive mediators in liver disease
and portal hypertension have been proposed to contribute to endothelial dysfunction. Of
note, both the PVL and CBDL models have been evaluated and have not been found to
develop POPH (54,76,77). These results suggest that factors in addition to alterations in
flow, vasoactive mediators and cytokines are needed for experimental POPH to develop.
Although speculative, the concept that the pulmonary endothelial response in the setting
of cirrhosis or portal hypertension may define whether HPS or POPH develops has emerged
and could explain the development of divergent vascular responses in similar situations.
For instance, if the endothelium is intact and functional, then circulating ET-1 and intra-
vascular macrophages could trigger NO and CO overproduction leading to microvascu-

Fig. 3. Potential mechanisms in portopulmonary hypertension. See text for details. TNF-α; tumor
necrosis factor alpha.
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lar dilatation. In contrast, if the endothelium is dysfunctional or disrupted, then circu-
lating ET-1, vasoactive mediators, and cytokines derived both from the liver and from
intravascular macrophages could trigger vasoconstriction and proliferative and fibrotic
endothelial and smooth muscle responses leading to POPH. These concepts remain to
be tested directly.

Summary
POPH is an increasingly recognized complication of liver disease and portal hyper-

tension. The available data suggest that the presence of underlying portal hypertension
is an important factor in development, although how this factor contributes to the onset
of pulmonary hypertension is not defined. There are no experimental models of POPH
and no specific mediators have emerged as clear contributors. Pulmonary vascular endo-
thelial dysfunction has been postulated to be a central event in the onset of POPH based
on studies in primary pulmonary hypertension. A number of potential factors present in
liver disease and portal hypertension, including shear stress, inflammatory cytokines,
and altered circulating concentrations of vasoactive mediators, could contribute to the
development of endothelial dysfunction in POPH.

CONCLUSIONS

Cardiopulmonary abnormalities are increasingly important consequences of liver dis-
ease and portal hypertension, although their mechanisms remain incompletely charac-
terized. Cirrhotic cardiomyopathy may be the most common as it develops in parallel with
the hyperdynamic circulatory state. In contrast, HPS and POPH develop only in a subset
of patients and are not definitively associated with progressive liver disease or portal
hypertension. Experimental studies implicate defects in cardiac myocyte β-adrenergic
and cellular calcium signaling, in part mediated by iNOS/NO and HO-1/CO cGMP pro-
duction in cirrhotic cardiomyopathy. A role for inflammatory cytokines in mediating some
of these events has been postulated. NO overproduction appears to play an important role
in human and experimental HPS. In experimental HPS, a sequence of molecular events
involving circulating ET-1 and TNF-α actions on the pulmonary microvascular endothe-
lium and on pulmonary intravascular macrophages appear to trigger both NO- and CO-
mediated vasodilatation. The mechanisms underlying POPH have not been directly inves-
tigated, but a role for endothelial dysfunction and several potential mediators implicated
in HPS have been postulated based on data in primary pulmonary hypertension. How and
if the presence of pulmonary endothelial dysfunction is important in influencing whether
HPS or POPH develops remains to be investigated. Finally, how the mechanisms impli-
cated in experimental models relate to human disease has not been defined.

REFERENCES

1. Gould L, Shariff M, Zahir M, Di Leto M. Cardiac hemodynamics in alcoholic patients with chronic liver
disease and a presystolic gallop. J Clin Invest 1969;48:860–868.

2. Kelbaek H, Eriksen J, Brynjolf I, et al. Cardiac performance in patients with asymptomatic alcoholic
cirrhosis of the liver. Am J Cardiol 1984;54:852–825.

3. Liu H, Song D, Lee SS. Cirrhotic cardiomyopathy. Gastroenterol Clin Biol 2002;26:842–847.
4. Moller S, Henriksen JH. Cirrhotic cardiomyopathy: a pathophysiological review of circulatory dys-

function in liver disease. Heart 2002;87(1):9–15.



Chapter 8 / Mechanisms of Cardiopulmonary Hemodynamics 123

5. Ma Z, Lee S. Cirrhotic cardiomyopathy: getting to the heart of the matter. Hepatology 1996;24:451–459.
6. Grose RD, Nolan J, Dillon JF, et al. Exercise-induced left ventricular dysfunction in alcoholic and non-

alcoholic cirrhosis. J Hepatol 1995;22(3):326–332.
7. Laffi G, Barletta G, La Villa G, et al. Altered cardiovascular responsiveness to active tilting in non-

alcoholic cirrhosis. Gastroenterology 1997;113(3):891–898.
8. Pozzi M, Carugo S, Boari G, et al. Evidence of functional and structural cardiac abnormalities in cir-

rhotic patients with and without ascites. Hepatology 1997;26(5):1131–1137.
9. Wong F, Girgrah N, Graba J, Allidina Y, Liu P, Blendis L. The cardiac response to exercise in cirrho-

sis. Gut 2001;49(2):268–725.
10. De BK, Majumdar D, Das D, et al. Cardiac dysfunction in portal hypertension among patients with

cirrhosis and non-cirrhotic portal fibrosis. J Hepatol 2003;39(3):315–319.
11. Caramelo C, Fernandez-Munoz D, Santos J, et al. Effect of volume expansion on hemodynamics,

capillary permeability and renal function in conscious, cirrhotic rats. Hepatology 1986;6(1):129–134.
12. Lee S, Marty J, Mantz J, Samain E, Braillon A, Lebrec D. Desensitization of B-adrenergic receptors

in cirrhotic rats. Hepatology 1990;12:481–485.
13. Battarbee HD, Zavecz JH. Cardiac performance in the portal vein-stenosed rat. Am J Physiol 1992;263

(2 Pt 1):G181–G185.
14. Gerbes A, Remien J, Jungst D, Sauerbruch T, Paumgartner B. Evidence for down-regulation of B-adre-

noreceptors in cirrhotic patients with severe ascites. Lancet 1986;1:1409–1410.
15. Ma Z, Miyamoto A, Lee S. Role of altered B-adrenergic receptor signal transduction in the pathogene-

sis of cirrhotic cardiomyopathy in rats. Gastroenterology 1996;110:1191–1198.
16. Ma Z, Meddings JB, Lee SS. Membrane physical properties determine cardiac beta-adrenergic recep-

tor function in cirrhotic rats. Am J Physiol 1994;267(1 Pt 1):G87–G93.
17. Ma Z, Lee SS, Meddings JB. Effects of altered cardiac membrane fluidity on beta-adrenergic receptor

signalling in rats with cirrhotic cardiomyopathy. J Hepatol 1997;26(4):904–912.
18. Jaue DN, Ma Z, Lee SS. Cardiac muscarinic receptor function in rats with cirrhotic cardiomyopathy.

Hepatology 1997;25(6):1361–1365.
19. Ma Z, Meddings JB, Lee SS. Cardiac plasma membrane physical properties and beta-adrenergic recep-

tor function are unaltered in portal-hypertensive rats. Hepatology 1995;22(1):188–193.
20. Zavecz JH, Battarbee HD, O’Donnell JM. Cardiac beta-adrenoceptor-effector coupling in portal vein-

stenosed rats. Am J Physiol 1995;268(3 Pt 1):G410–G415.
21. Zavecz JH, Bueno O, Maloney RE, O’Donnell JM, Roerig SC, Battarbee HD. Cardiac excitation-

contraction coupling in the portal hypertensive rat. Am J Physiol Gastrointest Liver Physiol 2000;279
(1):G28–G39.

22. Ward C, Liu H, Lee S. Altered cellular calcium regulatory systems in a rat model of cirrhotic cardio-
myopathy. Gastroenterology 2001;121(5):1209–1218.

23. Ward CA, Ma Z, Lee SS, Giles WR. Potassium currents in atrial and ventricular myocytes from a rat
model of cirrhosis. Am J Physiol 1997;273(2 Pt 1):G537–G44.

24. Garcia-Estan J, Ortiz MC, Lee SS. Nitric oxide and renal and cardiac dysfunction in cirrhosis. Clin Sci
(Colch) 2002;102(2):213–222.

25. Champion HC, Skaf MW, Hare JM. Role of nitric oxide in the pathophysiology of heart failure. Heart
Fail Rev 2003;8(1):35–46.

26. Van Obbergh L, Vallieres Y, Blaise G. Cardiac modifications occurring in the ascitic rat with biliary
cirrhosis are nitric oxide related. J Hepatol 1996;26:1120–1127.

27. Liu H, Ma Z, Le S. Contribution of nitirc oxide to the pathogenesis of cirrhotic cardiomyopathy in bile
duct-ligated rats. Gastroenterology 2000;118:937–944.

28. Battarbee HD, Zavecz JH, Grisham MB, et al. Cardiac impairment and nitric oxide synthase activity
in the chronic portal vein-stenosed rat. Am J Physiol Gastrointest Liver Physiol 1999;276(2):G363–
G372.

29. Garcia-Tsao G, Albillos A, Barden GE, West AB. Bacterial translocation in acute and chronic portal
hypertension.[comment]. Hepatology 1993;17(6):1081–1085.

30. Vulapalli SR, Chen Z, Chua BHL, Wang T, Liang C-S. Cardioselective overexpression of HO-1 pre-
vents I/R-induced cardiac dysfunction and apoptosis. Am J Physiol Heart Circ Physiol 2002;283(2):
H688–H694.



124 Fallon

31. Yet S-F, Tian R, Layne MD, et al. Cardiac-specific expression of heme oxygenase-1 protects against
ischemia and reperfusion injury in transgenic mice. Circ Res 2001;89(2):168–173.

32. Liu H, Song D, Lee SS. Role of heme oxygenase-carbon monoxide pathway in pathogenesis of cirrho-
tic cardiomyopathy in the rat. Am J Physiol Gastrointest Liver Physiol 2001;280(1):G68–G74.

33. Fluckiger M. Vorkommen von trommelschagel formigen fingerendphalangen ohne chronische veran-
derungen an der lungen oder am herzen. Wien Med Wochenschr 1884;34:1457.

34. Kennedy TC, Knudson RJ. Exercise aggregated hypoxemia and orthodeoxia in cirrhosis. Chest 1977;
72:305.

35. Lange PA, Stoller JK. The hepatopulmonary syndrome. Ann Intern Med 1995;122:521–529.
36. Fallon M, Abrams G. The hepatopulmonary syndrome. Progr Liver Dis 1997;15,247–15,264.
37. Schenk P, Schoniger-Hekele M, Fuhrmann V, Madl C, Silberhumer G, Muller C. Prognostic signifi-

cance of the hepatopulmonary syndrome in patients with cirrhosis. Gastroenterology 2003;125:1042–
1052.

38. Rolla G, Brussino L, Colagrande P. Exhaled nitric oxide and impaired oxygenation in cirrhotic patients
before and after liver transplantation. Ann Intern Med 1998;129:375–378.

39. Rolla G, Brussino L, Colagrande P, et al. Exhaled nitric oxide and oxygenation abnormalities in hepa-
tic cirrhosis. Hepatology 1997;26:842–847.

40. Cremona G, Higenbottam TW, Mayoral V, et al. Elevated exhaled nitric oxide in patients with hepato-
pulmonary syndrome. Eur Respir J 1995;8:1883–1885.

41. Rolla G, Bucca C, Brussino L. Methylene blue in the hepatopulmonary syndrome. N Engl J Med 1994;
331:1098.

42. Schenk P, Madl C, Rezale-Majd S, Lehr S, Muller C. Methylene blue improves the hepatopulmonary
syndrome. Ann Int Med 2000;133:701–706.

43. Aller R, de Luis DA, Moreira V, et al. The effect of liver transplantation on circulating levels of estra-
diol and progesterone in male patients: parallelism with hepatopulmonary syndrome and systemic
hyper-dynamic circulation improvement. J Endocrinol Invest 2001;24(7):503–509.

44. Aller R, Moya JL, Avila S, et al. Implications of estradiol and progesterone in pulmonary vasodila-
tation in cirrhotic patients. J Endocrinol Invest 2002;25(1):4–10.

45. Binay K, Sen S, Biswas PK, Sanyal R, Jumdar DM, Biswas J. Hepatopulmonary syndrome in inferior
vena cava obstruction responding to cavoplasty. Gastroenterology 2000;118(1):192–196.

46. Gupta D, Vijaya DR, Gupta R, et al. Prevalence of hepatopulmonary syndrome in cirrhosis and extra-
hepatic portal venous obstruction. Am J Gastroenterol 2001;96(12):3395–3399.

47. Regev A, Yeshurun M, Rodriguez M, et al. Transient hepatopulmonary syndrome in a patient with acute
hepatitis A. J Viral Hep 2001;8:83–86.

48. Teuber G, Teupe C, Dietrich C, Caspary W, Buhl R, Zeuzem S. Pulmonary dysfunction in non-cirrho-
tic patients with chronic viral hepatitis. Eur J Intern Med 2002;13:311–318.

49. Chang S-W, O’Hara N. Pulmonary circulatory dysfunction in rats with biliary cirrhosis. Am Rev Respir
Dis 1992;148:798–805.

50. Chang SW, Ohara N. Chronic biliary obstruction induces pulmonary intravascular phagocytosis and
endotoxin sensitivity in rats. J Clin Invest 1994;94(5):2009–2019.

51. Fallon MB, Abrams GA, McGrath JW, Hou Z, Luo B. Common bile duct ligation in the rat: a model
of intrapulmonary vasodilatation and hepatopulmonary syndrome. Am J Physiol 1997;272 (Gastro-
intest Liver Physiol 35):G779–G784.

52. Luo B, Liu L, Tang L, Zhang J, Ling Y, Fallon MB. ET-1 and TNF-α in hepatopulmonary syndrome:
analysis in prehepatic portal hypertension, biliary and nonbiliary cirrhosis in rats. Am J Physiol 2004;
286 (Gastrointest Liver Physiol):G294–G303.

53. Fallon MB, Abrams GA, Luo B, Hou Z, Dai J, Ku DD. The role of endothelial nitric oxide synthase in
the pathogenesis of a rat model of hepatopulmonary syndrome. Gastroenterology 1997;113:606–614.

54. Nunes H, Lebrec D, Mazmanian M, et al. Role of nitric oxide in hepatopulmonary syndrome in cir-
rhotic rats. Am J Resp Crit Care Med 2001;164(5):879–885.

55. Zhang F, Kaide JI, Yang L, et al. Carbon monoxide modulates the pulmonary vascular response to
acute hypoxia: relation to endothelin. Am J Physiol Heart Circ Physiol 2003:00678.2002.

56. Zhang X-J, Katsuta Y, Akimoto T, Ohsuga M, Aramaki T, Takano T. Intrapulmonary vascular dilata-
tion and nitric oxide in hypoxemic rats with chronic bile duct ligation. J Hepatol 2003;39(5):724–730.



Chapter 8 / Mechanisms of Cardiopulmonary Hemodynamics 125

57. Morse D, Choi AM. Heme oxygenase-1: the “emerging molecule” has arrived. Am J Resp Cell Molec
Biol 2002;27(1):8–16.

58. Carter EP, Hartsfield CL, Miyazono M, Jakkula M, Morris KG Jr, McMurtry IF. Regulation of heme
oxygenase-1 by nitric oxide during hepatopulmonary syndrome. Am J Physiol-Lung Cell Molec Physiol
2002;283(2):L346–L53.

59. Zhang J, Ling Y, Luo B, et al. Analysis of pulmonary heme oxygenase-1 and nitric oxide synthase alter-
ations in experimental hepatopulmonary syndrome. Gastroenterology 2003;125:1441–1451.

60. Filep JG. Endothelin peptides: biological actions and pathophysiological significance in the lung. Life
Sciences 1992;52:119–133.

61. Luo B, Liu L, Tang L, et al. Increased pulmonary vascular endothelin B receptor expression and respon-
siveness to endothelin-1 in cirrhotic and portal hypertensive rats: a potential mechanism in experimen-
tal hepatopulmonary syndrome. J Hepatol 2003;38:556–563.

62. Rockey D, Fouassier L, Chung J, et al. Cellular localization of endothelin-1 and increased production
in liver injury in the rat: potential for autocrine and paracrine effects on stellate cells. Hepatology 1998;
27:472–480.

63. Luo B, Abrams GA, Fallon MB. Endothelin-1 in the rat bile duct ligation model of hepatopulmonary
syndrome: correlation with pulmonary dysfunction. J Hepatol 1998;29:571–578.

64. Pinzani M, Milani S, DeFranco R, et al. Endothelin 1 is overexpressed in human cirrhotic liver and
exerts multiple effects on activated hepatic stellate cells. Gastroenterology 1996;110(2):534–548.

65. Moore K, Wendon J, Frazer M, Krani J, Williams R, Badr K. Plasma endothelin immunoreactivity in
liver disease and the hepatorenal syndrome. N Engl J Med 1992;327:1774–1777.

66. Asbert M, Gines A, Gines P, et al. Circulating levels of endothelin in cirrhosis. Gastroenterology 1993;
104:1485–1491.

67. Liu L, Zhang M, Luo B, Abrams GA, Fallon MB. Biliary cyst fluid from common bile duct ligated
rats stimulates eNOS in pulmonary artery endothelial cells: a potential role in hepatopulmonary syn-
drome. Hepatology 2001;33:722–727.

68. Zhang M, Luo B, Chen SJ, Abrams GA, Fallon MB. Endothelin-1 stimulation of endothelial nitric oxide
synthase in the pathogenesis of hepatopulmonary syndrome. Am J Physiol 1999;277:G944–G952.

69. Wiest R, Das S, Cadelina G, Garcia-Tsao G, Milstien S, Groszmann R. Bacterial translocation in cir-
rhotic rats stimulates eNOS-derived NO production and impairs mesenteric vascular contractility. J Clin
Invest 1999;104:1223–1233.

70. Rabiller A, Nunes H, Lebrec D, et al. Prevention of gram-negative translocation reduces the severity
of hepatopulmonary syndrome. Am J Resp Crit Care Med 2002;166(4):514–517.

71. Mantz FA, Craig E. Portal axis thrombosis with spontaneous portacaval shunt and resultant cor pul-
monale. Arch Pathol Lab Med 1951;52:91–97.

72. Budhiraja R, Hassoun PM. Portopulmonary hypertension: a tale of two circulations. Chest 2003;123(2):
562–576.

73. Yoshida EM, Erb SR, Ostrow DN, Ricci DR, Scudamore CH, Fradet G. Pulmonary hypertension
associated with primary biliary cirrhosis in the absence of portal hypertension: a case report. Gut 1994;
35(2):280–282.

74. Benjaminov FS, Prentice M, Sniderman KW, Siu S, Liu P, Wong F. Portopulmonary hypertension in
decompensated cirrhosis with refractory ascites. Gut 2003;52(9):1355–1362.

75. Herve P, Lebrec D, Brenot F, et al. Pulmonary vascular disorders in portal hypertension. Eur Respir
J 1998;11:1153–1166.

76. Kibria G, Smith P, Heath D, Sagar S. Observations on the rare association between portal and pulmo-
nary hypertension. Thorax 1980;35(12):945–949.

77. Carter EP, Sato K, Morio Y, McMurtry IF. Inhibition of K(Ca) channels restores blunted hypoxic
pulmonary vasoconstriction in rats with cirrhosis. Am J Physiol-Lung Cell Molec Physiol 2000;279(5):
L903–L910.



Chapter 9 / Hepatic Venous Pressure Gradient 127

METHODOLOGY TO ASSESS

PORTAL  HYPERTENSION IN HUMANS

III



Chapter 9 / Hepatic Venous Pressure Gradient 129

129

From: Clinical Gastroenterology: Portal Hypertension
Edited by: A. J. Sanyal and V. H. Shah © Humana Press Inc., Totowa, NJ

9 Measurement of Hepatic
Venous Pressure Gradient:
Methods, Interpretation, and Pitfalls

G. Pomier-Layrargues, MD

and P.-Michel Huet, MD, PhD

CONTENTS

INFORMATION AND COMPARISON OF AVAILABLE METHODS

TO ASSESS PORTAL HYPERTENSION IN HUMANS

PHYSIOPATHOLOGIC BASIS OF HVPG MEASUREMENT

INDICATION AND INTERPRETATION OF HVPG IN HUMANS

FOR MANAGEMENT OF PHARMACOTHERAPY

PITFALLS OF USE

REFERENCES

INFORMATION AND COMPARISON OF AVAILABLE
METHODS TO ASSESS PORTAL HYPERTENSION IN HUMANS

Definition
Portal hypertension is defined as an increased pressure in the portal vein, but is better

evaluated by the pressure gradient between the portal vein and the inferior vena cava,
with a normal value lower than 5 mmHg. This gradient represents the real perfusion pres-
sure within the portal and hepatic circulation, which is, under normal conditions, a high-
flow/low-resistance system, considering the high portal blood flow (between 700 and
1000 mL/min). The various causes of an increased portal venous resistance, which are dis-
cussed in specific chapters in this book, are characterized by changes in the anatomic archi-
tecture (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 flow), and changes in the intra-
hepatic vascular resistance (vasoconstriction of the sinusoids related to the transformation
of stellate cells into myofibroblasts).
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Pathophysiologic and Anatomical Considerations
Once pressure is increased in the portal vein, the splanchnic blood flow circulation

will face resistance within the liver and will have to reach another venous territory with
a low resistance, before going back to the central circulation. In most instances, blood
will be directed toward venous circulation originating from the stomach and the esopha-
gus via collaterals derived from preexisting venous connections between coronary and/or
short gastric veins (with a reversal of the blood normally flowing toward the portal vein)
and the azygos vein (blood returning to the superior vena cava). This collateral circulation
will divert part of the splanchnic blood away from the liver and will lead to the develop-
ment of gastric and esophageal varices, which may rupture and bleed when located under
the mucosal layer of the gastroesophageal epithelium. Other collaterals may develop in
different venous territories but have less clinical implications because they are usually
located under the serous layer of the intestinal epithelium with a much lower risk of bleed-
ing. All of these portosystemic collaterals may contribute to the onset of portosystemic
encephalopathy, because they allow neurotoxic gut-derivated substances to bypass the
liver. Ascites is also a clinical manifestation of portal hypertension and is directly related
to increased pressure in the splanchnic venous bed.

At first glance, the hemodynamic evaluation of portal hypertension may appear redun-
dant in patients who have already developed complications such as ascites, portosystemic
encephalopathy, and variceal bleeding. In this situation, measurement of the portohepatic
gradient will seem only to confirm portal hypertension but may in fact help determine
the prognosis of patients with chronic liver diseases. In the absence of clinical symp-
toms, however, pressure measurements provide useful information that may lead to the
detection of esophageal varices and eventually to a prophylaxis of bleeding. Upper gas-
trointestinal endoscopy, echo Doppler ultrasonography, helicoidal computed tomogra-
phy, and magnetic resonance imaging can all be used in conjunction with manometric
studies to detect the presence and evaluate the severity of portal hypertension. Portal sys-
temic collaterals, subclinical ascites, and splenomegaly can be demonstrated by these
techniques.

In a given patient, there are two majors reasons for a more thorough investigation of
portal hypertension: the first is to demonstrate the patency of the portal vein or to deter-
mine the site of partial or total obstruction of the portal venous system before any surgery
either for portacaval shunts, for liver transplantation, or, nowadays, before radiological
transvenous intrahepatic portacaval shunts (TIPS). The second reason is to evaluate the
indication, and eventually, to monitor a pharmacological treatment of gastroesophageal
varices before the first bleeding episode or to prevent recurrent bleeding.

Anatomical evaluation of the portal vein is not so simple: because of its particular local-
ization in the abdomen, the portal vein is not directly accessible from a peripheral vein
as is the case for other venous territories in the body. Indeed, the portal vein drains toward
the liver all blood coming from the splanchnic area, including upper and lower abdominal
portions of the digestive track, the pancreas, and the spleen. This situation creates a “por-
tal” system, i.e., a venous territory between two capillary systems, as observed in the
venous system of the pituitary gland. Most techniques used to visualize the portal vein
were more or less invasive, which justified the development of noninvasive imaging tech-
niques as discussed further in the following chapters. Unfortunately, although they gen-
erally give a good indication of the portal vein patency with a valid evaluation of the
presence, direction, and velocity of blood flow in the portal vein and its tributaries, these
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noninvasive techniques are not always able to demonstrate unequivocally the anatomi-
cal integrity of the portal venous system. In addition, they cannot give a good evaluation
of the severity of the portal hypertension. The same comments are true for the venous
phase of celiac and/or splenic arteriography which was commonly performed before the
availability of noninvasive imaging techniques and provided in most cases a good vis-
ualisation of the portal vein and its tributaries.

Visualisation of the Portal Vein
with Measurement of Portal Vein Pressures

UMBILICAL PORTOGRAPHY

During fetal life, the portal vein is connected to the placenta through the umbilical vein,
which originates from the left branch of the portal vein and runs through the ligamentum
teres. At birth, with interruption of the placental circulation, the umbilical (and paraum-
bilical) veins flatten, remaining with a virtual lumen. These veins can enlarge with portal
hypertension and can give rise to the Cruveilhier–Baumgarten syndrome. These veins,
even when not dilated, can be found in a cordlike structure under the skin near the umbil-
icus and can be catheterized by surgical dissection (1,2). Umbilical vein catheterization
allowed for the first time a direct access to the portal system and provided excellent veno-
grams of the portal venous system and a direct measurement of the portal vein pressure
(Fig. 1) (3), but required a skilled surgeon and could only be done under general anaesthe-
sia; it was therefore abandoned.

SPLENOPORTOGRAPHY

Splenoportography was another historical technique to visualize the portal system
and provide an indirect evaluation of portal pressure after transcutaneous puncture of the

Fig. 1. Umbilicoportography in a patient with cirrhosis showing the portal venous system and large
oeso-gastric varices fed by two left gastric veins (arrows).
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spleen and measurement of the intrasplenic pulp pressure, which is almost identical to the
portal vein pressure. However, the risk of splenic hemorrhage is significant and this tech-
nique is no longer used in humans; it is still helpful in experimental animals (with the use
of biological glue) to assess portal pressure changes under pharmacological treatments.

PERCUTANEOUS TRANSHEPATIC CATHETERIZATION OF THE PORTAL VEIN

This technique, pioneered by Lunderquist et al. (4), consisted in direct cannulation of
the portal vein with a catheter, under fluoroscopic guidance, and allowed not only the
measurement of portal pressure but also the embolization of bleeding gastrophageal
varices with autologous clots or inert material. It was almost abandoned after the introduc-
tion of endoscopic variceal sclerotherapy and later, band ligation, which are much safer
and can be repeated, particularly in patients with coagulation defects. In addition, vari-
ceal embolization had only a short-term protective effect on the risk of rebleeding from
varices because recanalization of previously obliterated veins occurred frequently (5).

A modification of this technique was introduced by Boyer et al. (6) who used a thin
needle (the Chiba needle used for transhepatic cholangiography) to puncture a portal
vein branch within the liver, under fluoroscopy, and measure the portal venous pressure.
This method is much safer because of the size of the needle (outer diameter: 0.7 mm);
it not only allows measurement of portal venous pressure, but also good evaluation of
the presence and direction of portal blood flow; in addition, during the same procedure,
a branch of an hepatic vein can be punctured, allowing measurement of the pressure in
the outflow of the liver and, therefore, evaluation of the pressure gradient across the liver
(Fig. 2). This was not possible with the other techniques (umbilical portography, spleno-
portography, and percutaneous transhepatic catheterization of the portal vein) where only
portal venous pressure could be measured. The other advantage of the thin needle tech-
nique is that it can be performed in patients already undergoing a percutaneous liver biopsy
using the same approach. We have used this method routinely for more than 10 yr, in the
prospective evaluation of portal hypertension in a cohort of patients with primary biliary
cirrhosis (7), without any complications.

INTRAHEPATIC PRESSURE

The thin needle technique has to be performed under fluoroscopic guidance in order
to ascertain that the tip of the needle enters a branch of the portal vein. Intrahepatic pres-
sure measurement using the same thin needle has been advocated as an another indirect
but less cumbersome technique for measurement of portal vein pressure that can be per-
formed without fluoroscopic equipment at the patient’s bedside (8). Unfortunately, a
careful study comparing intrahepatic pressure measurement with portal vein pressure
obtained by the direct puncture of a portal vein branch using the thin needle, demonstrated
the absence of a consistent relationship between both techniques (9), indicating that the
intrahepatic pressure was not a reliable index of portal vein pressure.

HEPATIC VEIN CATHETERIZATION

The hepatic venous system can be catheterized and opacified by introducing an end-
hole catheter through an antecubital vein (10,11) and, more recently, through a jugular
or femoral vein. This technique was developed more than 50 yr ago by Myers and Taylor
(12) for the measurement of pressures in an hepatic vein (usually the right hepatic vein).
The catheter, placed under fluoroscopy in an hepatic vein, allows measurement of free
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hepatic venous pressure (FHVP). The catheter is then pushed down in the hepatic vein
until it cannot be advanced further, which results in a complete obstruction of flow; the
pressure recorded in the occluded position is the wedged hepatic venous pressure (WHVP).
It was assumed that WHVP gave an accurate estimate of portal pressure and that the dif-
ference between both pressures (wedged and free), the hepatic venous pressure gradient
(HVPG), could be an accurate index of portal hypertension. Initially, comparison between
the wedged hepatic venous pressure and portal venous pressure was obtained during ab-
dominal surgery (12–15) and a rather good correlation between both pressures was dem-
onstrated. It was only in 1970 that Viallet et al. (3) showed for the first time a close rela-
tionship between portal vein pressure (measured through umbilicoportal catheterization)
and WHVP (measured simultaneously through hepatic vein catheterization), in a large
group of conscious cirrhotic patients, mostly alcoholic cirrhotics. Since then, several stud-
ies have confirmed that WHVP was very similar to portal venous pressure (mainly using
the thin needle) in most chronic liver diseases, particularly in alcoholic and viral (B and
C) cirrhosis (6,16–18). In some patients with nonalcoholic nonviral cirrhosis and primary
biliary cirrhosis, the portal venous pressure can be higher than the WHVP, which may then
not provide a reliable estimate of the severity of the portal hypertension (16) as discussed
later. In patients with clinical evidence of portal hypertension, but a normal or slightly ele-
vated WHVP, direct measurement of portal pressure is, therefore, needed to confirm the
diagnosis.

Fig. 2. Transhepatic opacification of a portal vein branch using the thin Chiba needle.



134 Pomier-Layrargues and Huet

A modification of the technique for measuring WHVP was proposed and validated by
Groszmann et al. (19) with the use of a balloon catheter allowing inflation and deflation
of the balloon within an hepatic vein (and, therefore, measurement of wedged and free
pressures), usually in a large right lobar hepatic vein without the need to advance and with-
draw the catheter for each WHVP and FHVP determination. This is particularly useful
when repeated measurements have to be performed to get an accurate estimation of pres-
sure with or without pharmacological therapy (20). In addition, a wedged position can
be obtained in almost every case by using the balloon catheter which is not always possi-
ble when using the end-hole catheter, particularly if it is introduced through the femoral
vein and cannot be pushed down in a wedged position (Figs. 3 and 4).

Wedged hepatic venography can in some cases allow visualization of the portal vein
in a retrograde fashion, particularly in patients with reverse and/or stagnant flow in the por-
tal venous system, which can be difficult to demonstrate even with the new noninvasive
imaging techniques. The use of carbon dioxide as a contrast agent might be useful to avoid
dye nephrotoxicity (Fig. 5). Although previously used in the evaluation of patients with
suspected Budd–Chiari syndrome, hepatic vein catheterization is no longer performed
in such cases not only because of the possible migration of clots from the hepatic vein
but mainly because the diagnosis can be done readily and safely confirmed by noninvasive
imaging techniques such as echo Doppler or magnetic resonance imaging. In addition,

Fig. 3. Hepatic vein catheterization with a balloon catheter. Left-hand panel: opacification of the
hepatic vein with a deflated balloon catheter (measurement of the free hepatic venous pressure).
Right-hand panel: opacification of the same hepatic vein with a distended balloon catheter (measure-
ment of the wedged hepatic venous pressure). There is no reflux of contrast material around the
balloon.
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hepatic vein catheterization allows liver biopsy to be performed in patients with a poor
coagulation or ascites.

Finally, as further described in the following chapter, hepatic vein catheterization was
the first step in the development of transjugular intrahepatic portosystemic shunts (TIPS)
as a nonsurgical treatment of severe portal hypertension (21).

MEASUREMENT OF VARICEAL PRESSURE

During endoscopy, direct measurement of variceal pressure can be obtained by punc-
ture of esophageal varices (22) or by using pressure-sensitive gauges applied on the surface
of esophageal varices (23). These techniques, although promising, can only be performed
in a few highly specialized centers and should still be considered as research tools.

PHYSIOPATHOLOGIC BASIS OF HVPG MEASUREMENT

Classification of Portal Hypertension
As stated earlier, the accuracy and safety of the different methods for the assessment

of portal hypertension have been evaluated prospectively. The most popular technique
remains the measurement of HVPG (difference between WHVP and FHVP) as proposed
by Myers and Taylor (12). It was assumed that the wedged catheter creates stasis within

Fig. 4. Wedged hepatic venography showing a large venous to venous shunt distal to the wedged tip
of the catheter. In such a case, the wedged hepatic venous pressure underestimates the true sinusoidal
pressure.
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the occluded hepatic venule that is in equilibrium with the sinusoidal pressure, which
itself is a good estimate of the pressure of portal blood entering the sinusoidal bed (15).
This assumption was the basis for the first classification of portal hypertension: (a) pre-
sinusoidal, when WHVP was normal despite overt signs of portal hypertension; and (b)
postsinusoidal, when WHVP was elevated. Portal hypertension can be better classified
now according to the major site of increased resistance to portal blood flow: (a) prehep-
atic, owing to obstruction of the portal vein or of one of its tributaries, particularly the
splenic vein; (b) posthepatic, owing to a increased pressure secondary to cardiac insuffi-
ciency (mainly right heart failure) or to obstruction of large hepatic veins (Budd–Chiari
syndrome); and finally, (c) intrahepatic portal hypertension, which can be subclassified
into presinusoidal, sinusoidal, and postsinusoidal (24).

Intrahepatic Portal Hypertension
Depending on the anatomical changes induced by the liver disease, the static column

of blood created by the occluding catheter will be in equilibrium with the pressure exist-
ing upstream of the obstacle, until the first connection with an area of lower resistance
allowing blood flow derivation toward another nonoccluded hepatic vein. Therefore, in
intrahepatic portal hypertension, the WHVP is normal in the presinusoidal subtype and
elevated in the sinusoidal and postsinusoidal subtypes.

Fig. 5. Retrograde portography obtained after injection of carbon dioxide in a catheter wedged in
an hepatic vein.
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PRESINUSOIDAL INTRAHEPATIC PORTAL HYPERTENSION

In presinusoidal intrahepatic portal hypertension [as found in idiopathic portal hyper-
tension (25) or shistosomiasis], the increased resistance to portal blood flow is upstream
of normal sinusoids and very far from the occluded vessel; therefore, blood will flow
through unimpeded adjacent sinusoids toward the veins. In such cases, the static column
will be in equilibrium with sinusoidal pressure, and the WHVP will be in a normal range.

POSTSINUSOIDAL INTRAHEPATIC PORTAL HYPERTENSION

In postsinusoidal intrahepatic portal hypertension (as found in venoocclusive dis-
ease), the increased resistance to portal flow is downstream of normal sinusoids and very
close to the occluded vessel. The static column will be in equilibrium with pressure in a
vascular compartment extending up to the portal vein, and WHVP will be similar to FPVP.

SINUSOIDAL INTRAHEPATIC HYPERTENSION

In micronodular cirrhosis, sinusoids are uniformly transformed into rigid tubes by
collagen deposition in the space of Disse, with loss of the normal fenestrated endothelial
lining (capillarization and collagenization of the sinusoidal bed) (26); in addition, large
fibrous scars delineate regenerative nodules, further compressing the sinusoids. In such
cases, there is no connection with an hepatic vein having a lower resistance, and the sta-
tic column of blood will also be in equilibrium with the pressure existing in the vascu-
lar compartment extending up to the portal vein. WHVP will be equal to portal vein pres-
sure as found in most alcoholic cirrhosis (6,16) and cirrhosis due to virus B, C chronic
infection (17,18).

It must be emphasized that WHVP values may differ when measured in different
hepatic veins (usually within a range of 1 to 3 mmHg), which is probably a result of the
heterogeneity of the cirrhotic process through the liver. This finding is more frequent
when the end-hole catheter is wedged in a small hepatic vein and may be minimized by
using the balloon catheter, occluding a much larger area of the liver (19).

In addition, in macronodular cirrhosis, the anatomical alterations can be located mainly
at a presinusoidal level, whereas some parenchymal lesions are not uniformly distrib-
uted throughout the liver, with some areas showing preserved or near normal paren-
chyma and sinusoids. In such cases, connections may develop through normal sinusoids
with hepatic veins having a lower resistance; therefore, the static column of blood will
be partly in equilibrium with the pressure existing in the normal sinusoids. Normal or
only slightly elevated WHVP can be found in some patients with macronodular cirrhosis
despite clinical signs of portal hypertension, particularly at the beginning of the cirrhotic
process (e.g., early primary biliary cirrhosis, sarcoidosis, and schistosomiasis) (16,27).
With progression of the liver disease, the alterations of sinusoids become more pro-
nounced and WHVP will progressively increase from a normal value to levels similar to
that of the portal venous pressure. In such cases, during the early course of the diseases,
the HVPG can be less increased than PVPG (gradient between the portal vein and vena
cava pressures).

Another anatomical change occurring in long-standing cirrhosis is the development
of anastomoses between both afferent (portal veins and hepatic arteries) and efferent
(hepatic veins) vessels, particularly within the large fibrous septa surrounding regenera-
tive nodules. These intrahepatic anastomoses can be large (up to 200 µm in diameter) (28)
and may have a clinical significance in cirrhotic patients, shunting portal blood away
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from sinusoids (29); there is, however, no evidence that their presence influences the value
of WHVP. Occasionally, very high WHVP can be found in a vein draining an hepatocarci-
noma, most likely caused by large arteriohepatic fistulas that may be found in these tumors.

Calculation of Hepatic Venous Pressure Gradient (HVPG)
DEFINITION

The HVPG is the difference between the portal vein and the inferior vena cava pres-
sures (IVCP) and represents the real perfusion pressure within the portal and hepatic
circulations. Both pressures have to be recorded during the hemodynamic investigation
(30). Because pressure in any single vein below the diaphragm is subject to changes in
intraabdominal pressure, particularly as caused by ascites, this may lead to falsely elevated
results. Because this effect influences both portal vein and vena cava pressures equally,
the gradient remains unaffected.

As discussed earlier, the WHVP is a good estimate of portal vein pressure in a major-
ity of patients. However, there is no agreement for using either the FHVP or IVCP above
the liver when calculating the HVPG. We personally prefer to use the IVCP as a reference
value, because partial obstruction by the catheter of a narrow, flattened vessel may result
in falsely elevated free hepatic vein pressure. FHVP is generally higher than IVCP (1–
3 mmHg) (20), which leads to underestimation of the HVPG values. This is not a trivial
issue because, as we will see below, the expected changes in HVPG during drug therapy
are most often in the 2–6 mmHg range in patients considered as responders.

MEASUREMENT OF PRESSURES

Under fluoroscopic guidance and using either the hole-end or the balloon catheter, the
HVPG measurement is a safe technique. No serious complications have been reported
in the medical literature, and such is our experience after more than 4000 procedures.
For accurate interpretation of the HPVG (20,30) several criteria most be followed: (a)
pressures should be recorded and tracings should be printed; (b) adequate calibration of
the strain-gauge transducers should be performed and recorded for each procedure; (c)
before measurement, stabilization of pressures should be observed during at least 15 s
and tracings obtained during at least 15 s; (d) after measurement, complete occlusion of
the hepatic vein must be demonstrated for each determination of WHVP, using either the
end-hole or the balloon catheter, by injection of a small amount of contrast material (less
than 5 mL) which allows the visualization of sinusoids proximal to the catheter thus ensur-
ing no leakage of contrast material around the catheter/balloon toward the hepatic vein
and inferior vena cava. No communication with another hepatic vein should be visual-
ized because the WHVP will underestimate the real pressure existing in the intrahepatic
circulation; in such cases, the catheter should be placed in another hepatic vein in order
to avoid this source of error; and (e) at least three measurements should be performed
and the mean value should be used in the calculations.

INDICATION AND INTERPRETATION OF HVPG IN HUMANS
FOR MANAGEMENT OF PHARMACOTHERAPY

As we just emphasized, HVPG measurement is a safe, easy, and reproducible method
to assess portal hypertension in humans. This technique has provided useful insights
for the pathophysiology of portal hypertension. Initially it was used as a diagnostic tool.



Chapter 9 / Hepatic Venous Pressure Gradient 139

Recently, it has been suggested that it may be useful for prognostic evaluation (31) as
well as to monitor the effect of drug therapy on portal hypertension (32,33) or on the
evolution of the liver disease itself (34). However, it has never been incorporated in
various prognostic indices (Child–Turcotte, Child–Pugh, or MELD scores) that are used
to determine the optimal timing of liver transplantation.

Use of HVPG as a Diagnostic Tool
As stated earlier, portal hypertension may result from increased resistance at a pre-

sinusoidal or sinusoidal level. HVPG measurement allows a reliable assessment of portal
pressure in a majority of chronic liver diseases particularly in alcoholic and viral cirrhosis
(6,16–18); however, HVPG underestimates portal pressure in presinusoidal hyperten-
sion either intrahepatic or extrahepatic. Clinical evidence of portal hypertension (pres-
ence of esogastric varices or ascites) together with a normal of slightly elevated HVPG
should lead to the evaluation of the patency of the portal venous system by echo Doppler
examination. If thrombosis is ruled out, portal pressure must be measured directly either
by the transhepatic approach using a Chiba needle or by the transjugular route. A liver
biopsy performed after pressure measurements allows a definitive diagnosis of pure or
mixed intrahepatic presinusoidal portal hypertension caused by various diseases: primary
biliary cirrhosis, sarcoidosis, shistosomiasis, or idiopathic portal hypertension.

Use of HVPG as a Prognostic Marker
It has been shown repeatedly that complications of portal hypertension, and particularly

bleeding from gastroesophageal varices, almost never occur below a threshold value of
12 mmHg (35–37). Above this value, there is no relationship between HVPG and the risk
of bleeding. Some authors, however, have suggested that the measurement of portal pres-
sure early after a variceal bleeding episode may be useful to predict the likelihood of
rebleeding (38–40). It has been reported that the risk of rebleeding is higher in patients
with HVPG greater than 16 mmHg (39) or 20 mmHg (40).

The prognostic value of the HVPG for survival is another controversial matter. Recently,
it has been suggested that HVPG might be a prognostic indicator when used in conjunc-
tion with other parameters such as the Child–Pugh and MELD scores. Some authors have
shown that HVPG measured after bleeding (39,41) or sequential HVPG recordings (42)
may help predict survival whereas others have not found any prognostic value of the HVPG
for survival (43,44). In addition, a recent study (45) suggested that the value of HVPG
may predict the recurrence of varices after eradication by band ligation.

Taken together, all these data strongly suggest that HVPG measurement may provide
useful prognostic information in addition to the other more conventional parameters such
as the well-validated Pugh score.

Use of HVPG to Monitor Treatment in Chronic Liver Diseases

TREATMENT OF PORTAL HYPERTENSION

In 1980, pioneer investigations by Lebrec et al. demonstrated for the first time that pro-
pranolol can decrease HVPG (46); subsequently, the same group reported a decreased
rebleeding rate in cirrhotic patients treated with this drug after a variceal bleeding episode
(47). These findings led to the concept of pharmacotherapy of portal hypertension (48)
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and a large number of clinical trials have evaluated the efficacy of vasoactive drugs (mainly
β-blockers and nitrates) in primary or secondary prevention of variceal bleeding (49).

Therefore, it was proposed by several groups to use HVPG as a “splanchnic sphyg-
momanometer” to monitor the effects of vasoactive drugs on portal pressure. However,
hepatic vein catheterization is invasive and cannot be done on a routine basis except in
highly specialized liver units.

The clinical usefulness of such repeated measurements has been evaluated during the
recent years (49). Feu et al. suggested for the first time that a hemodynamic response could
be defined as a 20% decrease in HVPG or by a HVPG lower than 12 mmHg on pharmaco-
logical treatment (50); they reported that the rate of rebleeding was 8% in responders as
compared to 52% in nonresponders. This study evaluated patients treated for prevention
of rebleeding and the second HVPG measurement was performed after 3 mo of treatment.

The analysis of the literature is not simple given the heterogeneity of the studied popu-
lation, the difference in the timing of HVPG measurements, and the fact that drug-induced
HVPG changes were evaluated either in primary or secondary variceal bleeding prophy-
laxis, or both. It is also well known that portal hypertension may improve spontaneously
either in alcoholics who become abstinent or within days after a bleeding episode (51,52).

In patients treated for primary prophylaxis, the timing of HVPG measurement is less
crucial because patients are usually in stable hemodynamic conditions; a second mea-
surement performed 1–3 mo after the initiation of the treatment appears appropriate.

However, in patients treated for the prevention of rebleeding, the second hemodynamic
evaluation must take place early after bleeding as the high incidence of early rebleeding
may preclude the measurement of HVPG under pharmacological treatment. Thus, the
evaluation of drug-induced changes must be performed within 7–10 d of the index bleed.
Interpretation of published data is quite confusing given the high variability of time inter-
val for the second measurement (1–3 mo), which is reflected by the high proportion of
patients excluded from this assessment (30–40%) due to premature death or rebleeding.
Some authors recently proposed to evaluate the acute hemodynamic effects of a single
dose of vasoactive drug and to correlate it with the incidence of rebleeding (53,54). How-
ever, the value of this approach is still a matter of controversy.

It is now generally accepted that, when the HVPG decreases below 12 mmHg, the risk
of first or recurrent variceal bleeding is virtually nil. Unfortunately, this threshold value
is not frequently obtained, except in patients with baseline mildly to moderately elevated
baseline HPVG and possibly less at risk of bleeding. A majority of studies reported that
a 20% HVPG decrease should be considered as a significant response to therapy, the risk
of the first bleeding or of rebleeding being significantly reduced in responders (50,55–
59). This target can be obtained in 40–60% of patients treated with β-blockers alone and
the rate of response can be increased by the addition of nitrates. Therefore, it has been
suggested to evaluate the hemodynamic response by measuring HVPG changes induced
by β-blockers and to add nitrates in non responders (59).

Although this approach appears to be quite logical, its usefulness has not been estab-
lished unequivocally in clinical practice. Some studies failed to reproduce the correla-
tion between the hemodynamic and clinical response as defined earlier (60). In addition,
a recent study suggested that measuring HVPG twice or three times (in patients treated
with the combination of β-blockers and nitrates) might not be cost effective (61).

The concept of drug therapy of portal hypertension appears promising because it is
hoped that reducing the incidence of the first variceal bleed or the rate of rebleeding will
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translate with improved survival. Surprisingly, only a few clinical trials were able to dem-
onstrate a positive correlation between hemodynamic response and a better survival rate
(55,62), whereas others did not (50,58), probably because patients died more often from
liver failure than from bleeding itself.

TREATMENT OF CHRONIC LIVER DISEASE

Sequential HVPG measurements might be useful not only to assess the efficacy of vaso-
active drugs, but also to evaluate the effects of treatment of various liver diseases used
in conjunction with liver biopsy and Child–Pugh score. It is well accepted now that cir-
rhosis secondary to both hepatitis B virus and hepatitis C virus can improve dramatically
with lamivudine or interferon/ribavirin treatment. Indeed, Burroughs et al. (34) suggested
recently that HVPG measurement could serve as a marker for disease progression or to
monitor treatment efficacy in patients with chronic hepatitis C. This parameter can add
useful information to liver biopsies, the interpretation of which might be biased by inter-
observer variation and by sample error.

PITFALLS OF USE

Measurement Error
HVPG calculation results from the difference of two pressures each of which has its

own potential measurement error (nearly 1 mmHg). In addition, the technique of HVPG
measurement must fulfill several technique requirements as recently pointed out by Grosz-
mann and Wongcharatrawee (20) and reemphasized above. Good equipment is needed
to obtain reliable pressures and, most importantly, to document them on tracings. This
equipment must be calibrated for each measurement. Measurement of wedged hepatic
vein pressure must be done preferably by using a balloon catheter which reflects pres-
sure in a wide vascular territory of the liver; interpretation of data recorded must be done
on the tracings.

Interpretation of Spontaneous or Drug-Induced Changes
As correctly pointed out by Talheimer et al. (33), interpretation of data on HVPG

changes induced by pharmacotherapy are difficult owing to many potential sources of
bias. Certain studies have evaluated patients for primary prophylaxis, and others for
secondary prophylaxis, with some including both populations. The proportion of active
alcoholism is heterogeneous in different investigations and the timing of the second
HVPG measurement is highly variable (1–3 mo). In this respect, evaluation of the acute
hemodynamic effect of vasoactive drugs appears to be a promising approach as long as
this strategy can predict the likelihood of first bleeding or rebleeding (53,54). In addi-
tion, it could avoid the need for a second HVPG measurement. Finally, the concept of
a target HVPG might be questionable; bleeding is caused by increased variceal tension,
which is related to variceal pressure and variceal size, both of which are not evaluated
by HPVG measurement.

Clearly, there is a need for further clinical trials to prospectively evaluate the prognos-
tic value of HVPG changes for the risk of bleeding. For secondary prophylaxis, the second
measurement must be performed as early as possible to avoid the premature exclusion
of patients because of rebleeding. In the meantime, it appears reasonable to evaluate the
effects of treatment on the HVPG only in patients enrolled in controlled clinical trials.
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However, in such trials, the HVPG should be measured according to a rigid protocol such
as the one proposed by Groszmann and Wongcharatrawee (20), preferably by experienced
hepatologists and/or well-trained radiologists with a specific interest in hepatology, or
both.
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INTRODUCTION

Microvascular exchange in the liver is quite peculiar owing to the porosity of the
sinusoidal endothelial cells; the pores in the sinusoidal endothelium allow free passage
of macromolecules, which allows the hepatocyte to take up tightly protein bound drugs
(1). One of the major changes occurring in cirrhosis is sinusoidal capillarization (2), which
leads to a profound impediment of passage of substances into the space of Disse. Sinusoi-
dal capillarization was first described by Hans Popper on a morphological level (2); he—
rightfully—predicted that this phenomenon would have important bearings on hepatic
function. It lasted almost 20 yr until sinusoidal capillarization was demonstrated func-
tionally using the multiple indicator dilution technique (3)—this study was quite a feat
because it applied this demanding technique to humans before studying the phenomenon
in animal models. Another important aspect of altered microvascular exchange is loss
of the sinusoidal fenestrations that, at least in alcoholic liver disease, occurs before sig-
nificant fibrosis is seen (4).

Another important aspect is the regulation of sinusoidal flow, which is profoundly
disturbed in cirrhosis. Here tribute has to be paid to the earliest advocates of intravital
microscopy, Aaron Rappaport and Robert S. McCuskey. Dr. Rappaport published little,
but influenced many. His movies around redistribution of sinusoidal blood flow inspired
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many to study the topic. At the end of his career, he wrote a landmark paper correlating
the histological changes of cirrhosis with alterations in flow (5). Robert McCuskey, to my
knowledge, is the first to formally describe the technique of modern intravital microscopy
with on-line analysis (6).

In this chapter we will consider the main techniques, to probe microvascular exchange,
namely, the indicator dilution technique and intravital microscopy. Also, the old clear-
ance techniques, as well as newer radiological noninvasive methods to probe different
aspects of portal hypertension, in particular, estimated hepatic blood flow and microvas-
cular exchange, will be reviewed.

THE MULTIPLE INDICATOR DILUTION TECHNIQUE

The indicator dilution technique to determine flow and volume of distribution—also
known as the Stewart–Hamilton principle—is quite simple a concept as shown in Fig.  1.
Renkin took this a step further by using indicators with different volumes of distribution
to calculate surface/permeability coefficients (7). The multiple indicator technique had
been pioneered in hepatology by the late Carl Goresky who was the first to describe the
formalism of the technique in the liver, to use it to calculate hepatic spaces (8), and to
evaluate transport phenomena (9). The principle is simple: a mix of radioactively marked
substances with different volumes of distribution is injected into the inflow vessel—
either the portal vein or the hepatic artery in case of the liver—and the outflow is collected.
The technique is particularly useful in the perfused organ because there the outflow can

Fig. 1. The Stewart-Hamilton principle of calculating flow and volume from the dispersion of an
injected indicator, which can be a dye, fluorescent compound, radioactive material, or thermal chal-
lenge. The frequency function h(t) is the product of the flow going through the area of interest Q
and the concentrations in its outflow divided by the amount injected D. This equation can be solved
to derive the flow from the observed concentrations in the outflow, the mean transit time as the ratio
of the area under the curve and its first moment. Finally, the volume traversed is the product of flow
and mean transit time.
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be collected quantitatively thereby avoiding recirculation of the indicators. Furthermore,
catheter distortion can be minimized and adequately evaluated.

In the liver, erythrocytes are used as the intravascular reference substance because
they are confined to the intrasinusoidal space. Albumin or some other large molecule is
used to estimate the space of Disse; in cirrhotic liver, a low-molecular-weight substance
such as 22Na or sucrose is used to probe the diffusional barrier. What happens then is quite
predictable (see Fig. 2): in the sinusoid, erythrocytes are confined to the intravascular
space and therefore peak higher and emerge earlier than a diffusible substance such as
albumin (Fig. 3) and cross into the space of Disse and are therefore delayed. A typical
set of multiple indicator dilution curves in a normal mouse liver is shown in Fig. 3.

Fig. 2. Schematic representation of a sinusoid. The flow-limited pattern of multiple indicator dilu-
tion curves is due to the fact that erythrocytes (large ellipses) are confined to the sinusoid while dif-
fusible molecules such as albumin (small circles) diffuse into the space of Disse and back into the
sinusoid.

Fig. 3. Flow-limited pattern of a set of indicators in normal mouse liver: erythrocytes (●) peak
higher and appear earlier than diffusible labels such as albumin (▲) or sucrose (▼).
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Interestingly, the technique has been applied to patients with cirrhosis before animal cir-
rhosis models were studied. In a landmark study, Huet et al. described a continuous decrease
in the extravascular space accessible to albumin in 23/25 patients; the other two exhib-
ited bimodal outflow curves compatible with pronounced intrahepatic shunting (3).

In cirrhotic rat liver, sinusoidal capillarization has been first described as the emer-
gence of barrier, rather than flow-limited distribution of indicators (Fig. 4) again by P.M.
Huet’s groups in Montreal (10). The extravascular albumin space is the most important
predictor of hepatic function—more important than shunting or functional liver cell mass
—in rats with CCl4-induced cirrhosis (11). Sinusoidal capillarization correlates with the
degree of fibrosis (12), volume fraction of hepatic stellate cells (12), and loss of fenes-
trations (13). The decreased clearance function of the cirrhotic liver is mainly caused by
decreased uptake since metabolism is maintained as evidenced by a multiple indicator
study in different models of chronic and acute liver injury (14).

Capillarization and loss of fenestrations are not the whole story, however, because
there is a reversible component to the decreased extravascular albumin space. Thus, cal-
cium antagonists in high doses are able to increase the space accessible to albumin; this
is associated with improved clearance function in the isolated organ (15). The exact nature
of this reversible part of impaired microvascular exchange remains to be determined.
Chances are good that it is related to endogenous vasoactive compounds, in particular
endothelin: endothelins play a major role in fibrogenesis and are markedly elevated in
portal hypertension (reviewed elsewhere in this volume). Particularly germane is the find-
ing that endothelin antagonists also are able to partially reverse the altered microvascu-
lar exchange (16). In normal animals, endothelin induces a change from flow-limited to

Fig. 4. Multiple indicator dilution in cirrhotic mouse liver: The pattern changes to a barrier-limited
pattern as seen in most other vascular beds: The albumin (▲) is virtually superimposed upon the ery-
throcyte (●) curve since due to sinusoidal capillarization and loss of fenestrae it cannot leave the
intravascular space. Sucrose (▼) in contrast shows a biexponential decay due to diffusion across
the sinusoidal barrier.
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barrier-limited microvascular exchange such as that seen in cirrhosis (16). Interestingly,
mechanically increasing portal inflow also improves microvascular exchange and clear-
ance function (17).

The multiple indicator dilution technique can also be applied to the hepatic arterial
bed; this visualizes the peribiliary plexus and increased cellular volume, presumably the
cholangiocyte compartment (18). Hepatic intraarterial injection of indicators into cir-
rhotic liver demonstrates increased vascular space compared to intraportal injection; this
most likely reflects the extended peribiliary plexus but could also be caused by sinusoids
accessible only to arterial inflow (19).

INTRAVITAL MICROSCOPY

This powerful tool has become the workhorse of physiologists and pathophysiologists
interested in the study of microvascular exchange. It was introduced into liver physiol-
ogy Robert McCuskey in 1966 (6). The methodology is well described in some review
articles by the leaders in the field (20,21). Parameters easily obtained include red cell flow
velocity and vascular diameters. In contrast with the multiple indicator dilution tech-
nique, it allows single sinusoids to be viewed, to identify the cell type taking part in certain
reactions such as vasoconstriction, and to localize the sites where such changes occur.
Its only drawbacks are the fact that, in contrast with the multiple indicator dilution tech-
nique, only superficial sinusoids can be viewed and that it does not give a distribution
of transit times through the whole organ.

A very powerful aspect of intravital microscopy is the possibility to view the inter-
action of inflammatory cells with resident cells in the liver. Although this has so far been
mostly studied in ischemia–reperfusion injury and acute toxicity, a few data in animal
models of cirrhosis are available. Thus, Ito et al. have demonstrated that chronic bile duct
ligation exacerbates the inflammatory response to endotoxin by hypoperfusion of sinu-
soids exacerbated by increased adherence of leukocytes (22).

The use of fluorescent dyes and online analysis have added considerably to the pos-
sibilities of intravital microscopy (reviewed in ref. 21). Recently, Paxian et al. have pub-
lished a technique whereby oxygenation can be measured using a fluorescent dye (23);
application of this technique to cirrhotic liver should be quite interesting.

Sherman et al. were among the first to use this technique in portal hypertension; in
their landmark paper they identified “fast sinusoids” as a major feature of early and late
fibrosis, such sinusoids accounting for 7% and 33% of all sinusoids, respectively, (24);
furthermore, a dilatation of terminal hepatic venules was found early on in the process
of fibrogenesis. Furthermore, the expansion of hepatic stellate cells could be visualized by
their autofluorescence (24). Using similar techniques, these findings were later confirmed
by Vollmar et al. (25). The latter authors also demonstrated that blockade of Kupffer
cells with GdCl3 attenuated and delayed but did not prevent fibrogenesis (26).

Assessment of microvascular exchange has traditionally been performed using the
multiple indicator dilution technique. Use of fluorescent dextrans in the perfused liver
has made it possible to calculate diffusion coefficients and permeability for single sinu-
soids (27). Similarly, such compounds have been used to visualize lymph vessels during
cirrhogenesis (28).

Using intravital microscopy, important compensatory mechanisms in different models
of portal hypertension, hitherto unknown or only poorly characterized, could be identified.
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Thus, after portal vein ligation the sinusoidal blood flow is maintained because of angio-
genesis providing the liver with arterial blood (29). In a similar vein, the hepatic arterial
buffer response is increased in CCl4-induced cirrhosis (30).

OTHER TECHNIQUES TO ASSESS
IMPAIRED MICROVASCULAR EXCHANGE

Some magnetic resonance techniques with much promise to probe different aspects of
microcirculation are emerging. Thus, functional magnetic resonance imaging has been
successfully used to monitor oxygenation in vivo (31). An ingenious approach has been
described recently using contrast agents of different molecular weight (32). Thereby, van
Beers et al. were able to demonstrate diminished access of a large-molecular-weight (52
kDa) compound whereas that of a small-molecular-weight one (6.5 kDa) was increased
in livers of fibrotic rabbits. A similar technique for use with computed tomography has
been described earlier by the same group (33). Application of this technique in humans
appears very promising and such results are eagerly awaited. Interestingly, serum hyal-
uronate—normally used as a noninvasive marker of fibrosis (34)—indicates sinusoidal
capillarization when its level exceeds 200 ng/mL (35).

ESTIMATION OF HEPATIC PERFUSION
BY THE CLEARANCE TECHNIQUE

Hepatic perfusion can be estimated by the Fick principle; this was introduced 1945 by
Stan Bradley and Franz Ingelfinger (36) and applied to cirrhotic patients by the same group
(37). A bolus or steady-state infusion of a high extraction compound is given; perfusion
Q can then be calculated as

Q = clearance/extraction.

If an infusion is given, under steady-state conditions, clearance can be set equal to the
infusion rate. The method is not truly noninvasive because measurement of extraction
has to be performed (38). The compounds most frequently used for this technique are
indocyanine green, galactose, and sorbitol. For this method to yield accurate values of
hepatic perfusion, the indicator used should have no extra hepatic clearance and have an
extraction ratio close to 1.

Indocyanine green is the most widely used compound to estimate hepatic blood flow;
it was introduced into clinical research in the early 1960s (39,40). There is virtually no
extra-hepatic metabolism of ICG but the second condition, namely, an extraction close
to 1 is not achieved. This deteriorates further in the presence of shunting and loss of liver
function. Provided extraction is determined (38,41), estimation of hepatic blood flow
using indocyanine green remains a valuable tool in particular when evaluating the effects
of short-term pharmacological or surgical interventions. Determination of ICG retention
has value as a quantitative liver function test (42) but does not reflect hepatic perfusion.

Different compounds with higher extraction efficiency have been proposed but none
has been able to replace indocyanine green in the leading research centers so far. The one
which comes closest to the ideal substance is sorbitol (43), which in healthy volunteers
has an extraction ratio of 0.96 (44). In fulminant hepatic failure—where indocyanine
green extraction is too low to estimate hepatic blood flow—sorbitol clearance has suc-
cessfully been employed (45). However, in cirrhotic liver sorbitol clearance underesti-
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mates hepatic perfusion to a similar degree as does indocyanine green (46). In the direct
comparison to duplex assessment of portal flow, sorbitol clearance shows a decrease
while by duplex it is maintained (47). It has been proposed to use the difference between
“nutritional” flow—estimated with indocyanine green—and total flow as a measure of
shunting (48). However, alternative interpretations which are quite as plausible have
been proposed (49).

Where does that leave the value of flow determination by the clearance technique? We
have to accept that neither flow nor shunting can be determined accurately by the clear-
ance technique. However, the technique is still valuable to assess pharmacologically or
surgically induced changes in hepatic perfusion, provided extraction is measured (38).

RADIOLOGICAL TECHNIQUES TO ASSESS HEPATIC PERFUSION

Sonographic examinations including duplex are standard in the evaluation of patients
with portal hypertension. Combining measurement of the cross-sectional area (CSA) of
the portal vein with flow velocity (v), physical portal flow (Q) can be calculated as

Q = v . CSA.

This assumes that CSA is constant—which it is not because it depends very much on
respiration—in a model system up to 53% variation (50). The main problem with this
method is that it is very operator dependent with variable intra- and poor interobserver
correlation (51). This is mostly because of the uncertainty of the angle at which the signal
is transmitted; by just reporting flow velocity, reliability greatly increases (52). This weak-
ness—as well as the dependence on the type of equipment used—can be partially over-
come by adherence to a rigorous protocol for sonographic examination and training of
the operator (53). Flow velocity measurements are highly sensitive and correlate well
with the Child–Pugh classification (54).

Thus, the value of Duplex determination of portal flow or flow velocity is mainly for
short-term assessment of physiological changes such as postprandial hyperemia (55–57)
or of pharmacological interventions (56). If absolute values are required, MR angiography
is superior to duplex (57).

MR angiography is a promising technique to evaluate hepatic perfusion in patients
with cirrhosis in particular since it allows also determination of transit times (58) and
absolute volumes of flow can be obtained (59).

Nuclear medicine techniques are complicated because of the dual blood supply of the
liver; derivation of flow parameters requires deconvolution analysis or other demanding
mathematical techniques. Therefore, they have remained a research tool and never made
into daily clinical practice in the research centers interested in portal hypertension; a good
overview of nuclear medicine techniques was recently published by Chow et al. (60).
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INTRODUCTION

Portal hypertension is a common complication in liver diseases that should be searched
for in all cirrhotic patients, as well as in other chronic liver diseases (1). Its main clinical
consequence is bleeding from ruptured esophageal or gastric varices, which constitutes
the major cause of death and of liver transplantation in patients with cirrhosis, the lead-
ing etiology for portal hypertension.

In the present chapter we review the endoscopic tools to assess portal hypertension
(endoscopy, measurement of variceal pressure, and endosonography). These techniques
are useful in the diagnosis of portal hypertension and gastroesophageal varices, as well
as in the evaluation of the risk of bleeding and the effects of therapy on that risk.

ENDOSCOPY

Upper endoscopy is the best method for evaluating the presence of complications of
portal hypertension including gastroesophageal varices and portal hypertensive gastro-
pathy; and is routinely used as a first-level approach to assess this syndrome (1,2).

Esophageal varices are present in about 40% of compensated patients and in 60% of
those presenting with ascites at the initial diagnosis of cirrhosis (3,4). Moreover, the inci-
dence of esophageal varices in cirrhotic patients has been estimated in about 5% per year
(5). Thus, the estimated 5-yr risk of varices is about 65%. For this reason, in a large consensus
conference it was agreed that all patients with cirrhosis should be endoscopically screened
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for the presence of varices at the time of the initial diagnosis (5,6). In patients without
varices on initial endoscopy, a second (follow-up) evaluation should be performed to
detect the development of varices before these bleed. As we mentioned, and because the
expected incidence of newly developed varices is about 5% per year, the general consen-
sus (5,6) is that endoscopy should be repeated after 2–3 yr in those patients. In patients
with small varices on initial endoscopy, the aim of subsequent evaluations is to detect
the progression of small to large varices because of its important prognostic and therapeu-
tic implications. Based on an expected 10–15% per year rate of progression of variceal
size, endoscopy should be repeated every 1–2 yr in patients with small varices (5,7).

To correctly interpret the results of clinical studies, it can be useful to standardize the
endoscopic assessment of varices (i.e., evaluating its presence and size at full inflation,
before removal of the endoscope) and to obtain digital images allowing review and
comparison with follow-up studies. Owing to the frequent requirement of the latter, it
is also very important to improve the acceptability of the procedure by providing consci-
ous sedation [with drugs proven not to significantly modify portal pressure (8)].

Endoscopy also discloses the characteristics of the varices. These are extremely impor-
tant because they have prognostic value for variceal bleeding. Several studies have shown
that the risk of variceal bleeding is directly related to the size of the varices (graded on
a scale of I to IV) and to the presence of “red signs” in variceal wall (telangiectasias, red
whale marking, or cherry red spots) (Fig. 1) (7,9,10). Both factors, along with the degree
of liver impairment as assessed by the Child–Pugh class, constitute one of the most
widely used prognostic indexes for variceal bleeding, the North Italian Endoscopic Club
(NIEC) index (9). These three parameters, variceal size, red signs, and severity of liver
impairment, significantly correlate with variceal pressure (11,12); which in turn is sig-
nificantly associated with the risk of bleeding and death (13). From a practical point of
view, it should be remembered that patients with esophageal varices > 5 mm in diameter
and presence of red signs are those with the highest risk of variceal bleeding; especially
if they have a Child–Pugh class B or C and ascites (Fig. 1).

Fig. 1. Results from the NIEC study (9) showing that variceal size, variceal wall thickness and liver
function (according to the Child–Pugh classification) are factors strongly related to the risk of bleeding.
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Furthermore, endoscopy informs on the presence of gastric varices and of portal hyper-
tensive gastropathy, conditions responsible for many of the nonesophageal variceal bleed-
ing episodes in cirrhotic patients. The identification of gastric varices at endoscopy may
offer some difficulties that have now been overcome by the introduction of endosono-
graphy, allowing the identification of gastric varices as roundish, echo-free structures,
located mostly in the gastric submucosal layer (14).

Recently, another endoscopic index combining variceal size, the presence of portal
hypertensive gastropathy and the presence of gastric varices has been proposed (15). Its
value, alone or incorporating additional parameters related with portal hypertension (i.e.,
spleen size, platelet count), remains to be determined.

MEASUREMENT OF VARICEAL PRESSURE
Longitudinal studies have identified variceal pressure as a prognostic indicator of the

bleeding risk and of the response to pharmacological therapy in patients with both cir-
rhosis (11,16) and noncirrhotic portal hypertension (17). Interestingly, higher variceal
pressures have been documented in patients with previous variceal bleeding, large varices,
and in those with red color signs, which are those more prone to bleed (11).

Variceal pressure, size, and wall thickness are the determinants of the tension in the
wall of the varix, which has been identified as the key factor leading to variceal rupture
(11,12,18). According to Frank’s modification of Laplace’s law, variceal wall tension is
directly proportional to the transmural variceal pressure (the gradient between variceal
and intraesophageal pressures) and the radius of the varix, and is inversely proportional
to the thickness of the variceal wall (Fig. 2) (12).

This equation indicates that a large variceal size multiplies the deleterious effects of
a high intravariceal pressure increasing the tension exerted on the wall of the varices; a
big varix with thin walls will reach a high wall tension (and risk of bleeding) at much lower
variceal pressures than a small varix with thick walls. This may explain why large gastric
fundal varices may bleed at relatively low portal pressure. Similarly, this equation explains

Fig. 2. Calculation of variceal wall tension according to Frank’s modification of Laplace’s law.
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the prognostic value of the red color signs (which reflect areas where the wall of the varices
is especially thin) (9,10). Furthermore, esophageal varices are more prone to bleed than
varices of other locations [ectopic varices, responsible for 1–5% of variceal bleeds (19)]
because of the negative esophageal luminal pressure during inspiration, and the lack of
external tissue support, which decreases the elastic limit of the vessel (12).

The sequence of events leading to variceal hemorrhage is, therefore, initiated by a high
portal pressure, which promotes the opening of collaterals and the formation of varices.
The maintenance of an increased intravascular pressure, together with a high collateral
blood flow causes the dilatation of the varices, and as the varices dilate, their walls become
thinner. Once wall tension exceeds the elastic limit of the varices, the patient will expe-
rience the first bleeding episode. After this, the patient remains at a high risk of rebleeding
unless wall tension is decreased (20).

The assessment of variceal size and wall thickness is better achieved by endoscopy or
endosonography (see below). Variceal pressure can be measured by different methods.

Methods of Variceal Pressure Measurement
The “gold standard” is the measurement of intravariceal pressure by direct puncture

of the varix with a thin needle. This invasive method carries a high risk of bleeding, which
limits its use to patients undergoing endoscopic injection sclerotherapy after the proce-
dure (21). For this reason, noninvasive methods (mainly endoscopic pressure sensitive
gauges and manometry) have also been developed (Fig. 3). Noninvasive techniques assume
that varices behave as an elastic structure because of their thin walls and lack of external
tissue support (12); thus, the pressure needed to compress a varix (which can be sensed by
pressure gauges or under direct vision using clear balloons or endosonography) equals the
pressure inside the varix. Several studies have shown a good correlation between these tech-
niques and the more aggressive variceal puncture technique (11,22).

Fig. 3. Noninvasive methods to assess variceal pressure in portal hypertension. (A) Varipress (endo-
scopic pressure gauge). (B) Manometry.
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ENDOSCOPIC PRESSURE GAUGE (FIGS. 3A AND 4)

The use of the endoscopic pressure gauge was introduced by Mosimann et al. in 1982
(23). Polio et al. (24,25) and Bosch et al. (22,26) introduced different modifications lead-
ing to the present and most commonly used device, the Varipress system (Solid Com-
ponents, Barcelona, Spain) (Fig. 4A). The device consists of a small chamber covered
by a thin elastic (latex) membrane, and which is continuously perfused with nitrogen.
Owing to the elasticity of the varices, it is assumed that when the gauge is applied over the
varix, the pressure needed to perfuse the gauge equals the pressure inside the varix (23).
The difference between the pressure needed to perfuse the gauge (equivalent to the pres-
sure inside the varix) and the zero pressure (the pressure recorded when the gauge is free
in the esophageal lumen) equals the transmural variceal pressure (11). The Varipress
gauge, with a measuring surface of 2 mm in diameter (Fig. 4A), showed a close correlation
both in vitro (with an artificial varix system) and in vivo (measuring intravariceal pres-
sure by direct puncture) (22,26). In double-blind studies, placebo caused little variation
following either acute administration (range: 0–4%) (22,26–29) or chronic administra-
tion (1–6%) (30,31). Moreover, the small measuring surface makes the gauge suitable for
measuring variceal pressure in varices of small size.

Variceal pressure measurements are considered satisfactory only when fulfilling the
following predetermined criteria: (a) stable intraesophageal pressure; (b) absence of
artifacts caused by esophageal peristalsis; and (c) correct placement of the capsule over
the varix, as shown by the fine fluctuations of the pressure tracing according to heart
cycle and respiration, for at least 10 s or three respiratory cycles (Fig. 4B) (26–29). These
conditions are easily met when the procedure is performed by a skilled endoscopist in
a cooperative patient. In addition, 20 mg butyl scopolamine may be administered intrave-
nously at the beginning of endoscopy to diminish artifacts caused by esophageal peristal-
sis without affecting variceal pressure measurements (11,26).

Fig. 4. (A) Endoscopic pressure gauge with a measuring surface (central hole) of 2 mm of diameter.
(B) Correct variceal pressure tracing (note the fluctuations following cardiac and respiratory cycles
as well as the stability of the tracing).
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These strict requirements are the main drawback in using the endoscopic gauge to mea-
sure variceal pressure. Actually, about 25% of patients initially scheduled to have variceal
pressure measurements must be excluded because of technical difficulties that preclude
obtaining correct measurements (32). Of these, two-thirds correspond to patients with
small varices.

Most of the studies assessing the utility of variceal pressure measurements (see below)
were done using that technique.

ENDOSCOPIC MANOMETRY (FIG. 3B)
Manometry uses an endoscopic balloon to measure variceal pressure (33–35). Up until

now, this method relied on the visual appearance of the varices and, therefore, was sub-
jected to observer bias. Recently, a new device combining endosonography and manom-
etry has been introduced by different investigators. This method uses an endosonography
probe with (36) or without (37) power Doppler capability to assess the appearance and
disappearance of flow inside the varix. Variceal pressure is considered as the pressure
needed by the balloon to cause the disappearance of flow inside the varix during its com-
pression. The method has demonstrated its reliability and accuracy in two in vitro studies
(36,37). Clinical studies are waited.

Utility of Variceal Pressure Measurements
Previous studies have shown that variceal pressure correlates significantly with portal

pressure and azygos blood flow, an index of blood flow through portocollateral vessels
(11,22). Despite these correlations, however, variceal pressure is significantly lower than
portal pressure, probably because a significant resistance along the collaterals feeding
the varices causes a pressure drop from the portal vein to the varix (11). These findings
suggest that collateral circulation (and resistance to blood flow in collaterals) is impor-
tant in modulating variceal pressure.

ASSESSMENT OF THE RISK AND PROGNOSIS OF VARICEAL BLEEDING

The first evidence of the value of variceal pressure in assessing the risk of variceal bleed-
ing came from the observation that patients who have bled from varices have significantly
greater variceal pressure than those who have never bled, despite having similar portal
pressures (11,29,31). Moreover, variceal pressure is greater in patients with large varices
than in those with small varices, who are known to have a lower risk of bleeding (22,29,
38). This finding further suggests that high variceal pressure is a mechanism that con-
tributes in increasing the size of the varices.

Nevertheless, the most important finding is the identification of variceal pressure as
an independent prognostic factor determining the evolution of an acute variceal bleeding
episode, the development of the first variceal hemorrhage, and of variceal rebleeding in
patients receiving pharmacological therapy (see below).

In fact, Ruiz del Arbol et al. showed that variceal pressures greater than 18 mmHg dur-
ing the acute bleeding episode were frequently associated with failure to control bleeding
and early rebleeding (39). Nevens et al. published the results of a prospective investiga-
tion in cirrhotics showing that a variceal pressure above 15.2 mmHg is a strong risk factor
predicting the first variceal hemorrhage (16). The same authors demonstrated that variceal
pressure is also a strong predictor of variceal bleeding in patients with noncirrhotic por-
tal hypertension, in whom HVPG is not adequate to assess portal pressure (17). In this
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population, the risk of bleeding is lower than in cirrhotics despite having similar variceal
pressure and is related to the progression of the disease.

ASSESSMENT OF THE EFFECTS OF PHARMACOLOGICAL THERAPY

The authors have recently shown that patients receiving pharmacological therapy with
propranolol ± isosorbide-5-mononitrate showing a decrease in variceal pressure from
baseline of 20% or more have a very low actuarial probability of variceal bleeding on fol-
low-up (7% at 3 yr). Patients considered nonresponders by this measurement have a 46%
rate of variceal bleeding during the same time period (32). Furthermore, the results show
that the prognostic value of the variceal pressure response is as powerful as that of the
HVPG response, although the two methods identify different patients with a favorable
outcome and should be considered complementary rather than mutually exclusive (32).

Despite the limited applicability of variceal pressure measurements, mainly because
of difficulties achieving correct tracings in small varices and of the presence of artifacts
caused by esophageal peristalsis; its use may increase because its noninvasiveness and the
potential advantage of being applicable in patients with esophageal varices of any etiology.

ENDOSONOGRAPHY

Endosonography (or endoscopic ultrasonography) allows the visualization of esopha-
geal and gastric varices, the periesophageal and perigastric collateral veins, the portal
venous system, and the azygos vein. Nowadays, the clinical use of endosonography is
restricted to two main applications: the diagnosis of gastric fundal varices when endos-
copy offers doubtful results (14) and assessing the risk of variceal recurrence after varices
have been eradicated by endoscopic sclerotherapy or banding ligation (40,41). Thus, the
finding of grossly dilated periesophageal veins (14) or of patent perforating veins below
the gastroesophageal junction (42) after these eradicative procedures seems to carry a
high risk of variceal recurrence.

Recently, Miller et al. (43) investigated the value of the cross-sectional area (CSA)
of esophageal varices measured by using a 20-MHz endosonographic probe in predicting
the risk of variceal bleeding. The authors studied 28 patients with no prior history of vari-
ceal bleeding, in whom they calculated the sum of the CSA of all the varices identified
at the point where the varices appeared the largest. A cutoff value of CSA of 0.45 cm2

was identified as that having the highest sensitivity (83%) and specificity (75%) for deter-
mining future bleeding. This observation is not surprising considering that the size of the
varices, measured by either endoscopy (subjected to observer bias) or endosonography
(allowing objective and reproducible measurements) is a key factor determining variceal
wall tension according to Laplace’s law.

Endosonography has proven useful in pathophysiological and pharmacological research
in patients with portal hypertension. The authors combined endosonography, allowing the
objective measurement of variceal diameter, and the endoscopic measurement of trans-
mural variceal pressure, to quantitatively estimate variceal wall tension, which is the more
relevant parameter with regards to the risk of variceal bleeding. In that regard, we have
shown that increasing intra-abdominal pressure, as it occurs in the presence of ascites or
during many daily activities, causes a significant increase in variceal pressure, volume (the
sum of the CSA of all the varices in the last 5 cm of the esophagus) and wall tension and, by
these mechanisms, may contribute to the progressive dilatation that precedes the rupture
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of the varices (44). In addition, pharmacological therapy with β-blockers resulted in a
significant decrease of all these parameters, which correlated with its clinical efficacy (27).

Further studies are required to explore a potential unique contribution of endosono-
graphy, such is the objective measurement of variceal wall thickness (with an established
prognostic value). If a reliable measurement of variceal wall tension becomes possible,
this will probably contribute to further improvement in the assessment of the risk of
variceal bleeding.
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INTRODUCTION

Variceal bleeding is is one of the more frequent and severe complications of cirrhosis.
Mortality of a variceal bleeding episode has decreased in the last two decades from 40%
to 20% owing to the implementation of effective treatments and improvement in general
medical care. The management of varices includes the screening and surveillance of
cirrhotic patients to detect varices and its progression, which allows to establish effective
prophylactic treatment, the treatment of the acute bleeding episode, and the prevention
of variceal rebleeding. These should be based on the knowledge of the natural history
and pathophysiology of variceal formation, progression, and rupture, which is the topic
covered in this chapter.

The key factor in the natural history of esophageal varices is the increased portal pres-
sure, which in cirrhosis is caused by the combination of an increased hepatic vascular resis-
tance and an increased portal collateral blood flow. The maintenance and aggravation
of this situation owing to progression of the liver disease, together with reiterated bounds
of portal pressure and blood flow caused by unavoidable daily activities leads to the
progressive dilatation of the varices and thinning of the variceal wall, until the tension
exerted by the variceal wall exceeds the elastic limit of the vessel, determining variceal
hemorrhage. This explains why detection of large varices, of red color signs on the wall
of the varices, of increased portal pressure gradient, and of worsening of the Child–Pugh
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score are associated with an increased risk of bleeding. Prognostic factors in the acute
bleeding episode include the above as well as associated complications (hepatocellular
carcinoma, portal vein thrombosis, infections, renal failure, shock, and severity of the
bleeding).

CLINICAL CONSEQUENCES OF PORTAL HYPERTENSION

The portal hypertensive syndrome is responsible for many of the manifestations of
advanced liver disease. Some of these complications are the direct consequences of por-
tal hypertension, such as gastrointestinal bleeding from ruptured gastroesophageal varices
and from portal hypertensive gastropathy and colopathy, hyperkinetic circulatory syn-
drome, ascites and abnormalities of renal function, hypersplenism and increased syste-
mic availability of drugs, and endogenous compounds with rapid hepatic uptake. In other
complications, portal hypertension plays a key role, although it is not the only pathophysio-
logical factor in their development. These include spontaneous bacterial peritonitis, hepa-
topulmonary syndrome, and hepatic encephalopathy (1). In this chapter, we will review
the natural history and clinical course of variceal bleeding, which constitutes the basis
for a rational management of portal hypertensive patients.

PATHOPHYSIOLOGY OF VARICEAL FORMATION AND RUPTURE

Variceal bleeding is the final step of a chain of events initiated by an increase in portal
pressure, followed by the development and progressive dilation of varices until these
finally rupture and bleed (Fig. 1). This sequence of events can be reverted by treatments
decreasing portal pressure (portocaval shunts, TIPS, drug therapy), underlining the rever-
sibility of the portal hypertension syndrome.

Fig. 1. Variceal bleeding is the last step of a chain of events initiated by an increase in portal pres-
sure, followed by the development and progressive dilation of varices until these finally rupture
and bleed. The correlation with clinical data is shown on the left column.
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Formation of Varices
ANATOMICAL FACTORS

Available evidence indicates that the most important factor in the formation of the
portal-systemic collaterals is the dilatation of preexistent embryonic channels, although
an active angiogenic process is also thought to contribute to collateral formation (see
Chapter 7). The portal system and the systemic venous circulation are connected at several
locations (2). Gastroesophageal collaterals develop from connections between the left
gastric (coronary) vein and short gastric veins with the esophageal, azygos, and intercos-
tal veins resulting in the formation of esophageal and gastric varices. These are the most
frequent and clinically relevant collaterals. Other collaterals may develop between the
superior hemorrhoidal venous plexus and the middle and inferior hemorrhoidal veins,
giving rise to anorectal varices; between portal and epigastric veins through the reopen-
ing of remnants of the umbilical or paraumbilical veins, forming a vascular net that is at
times apparent on the abdominal wall as a caput medusae and causing a murmur over the
umbilicus (the Cruveilhier–Baumgartner syndrome); between the portal system and the
posterior abdominal wall through the liver capsule and diaphragm; and between the por-
tal system and the left renal vein, forming spontaneous spleno-renal shunts. In instances
of portal vein thrombosis “hepatopetal” collaterals develop between the splenic vein and
the coronary vein via the short gastric veins, giving rise to gastric varices, and from the
mesenteric or portal vein and the intrahepatic vena porta through the veins of Sappey,
causing pseudocavernomas of the portal vein (2). Ectopic varices may develop at other
locations depending on local anatomical factors. Most ectopic varices develop in the duod-
enum (mostly associated with extrahepatic portal hypertension) and in the colon and small
intestine, and are far more frequent in patients who have previously undergone abdomi-
nal surgery. Overall, these ectopic varices account for between 1% and 5% of all variceal
bleeding episodes (3,4).

HEMODYNAMIC FACTORS

Increased portal pressure is the initial and most important factor leading to the devel-
opment of portal-systemic collaterals. As discussed in a previous chapter, portal hyper-
tension in cirrhosis is initiated by an increased intrahepatic resistance to portal blood
flow. When collaterals begin to develop, the portal venous inflow increases because of
splanchnic vasodilatation. The increased portal venous inflow (which is equivalent to
the sum of the portal and the collateral blood flow) represents an important factor con-
tributing to maintain and worsen the portal pressure elevation. A threshold increase in the
portal pressure gradient (most commonly evaluated in clinical practice by its equivalent,
the hepatic venous pressure gradient or HVPG) of approx 10 mmHg has been established
for the development of esophageal varices (5–7).

However, above this threshold, there is no close correlation between the portal pressure
elevation and the risk of formation and rupture of esophageal varices. Therefore, a high-
pressure gradient is necessary, but not sufficient for the development of esophageal
varices.

The amount of blood flow diverted from portal to systemic circulation through the
gastroesophageal collaterals is thought to be another important factor in the formation
and progressive dilatation of varices (8). This is suggested by studies evaluating azygos
blood flow, an index of blood flow through gastroesophageal collaterals, including esoph-
ageal varices, in portal hypertensive patients (9,10). There is an exponential relationship
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between portal pressure and azygos blood flow, as well as a parallelism between the pres-
ence and size of the varices and the increase in azygos blood flow (10). However, about
5% of patients with high azygos blood flow and increased portal pressure do not have gas-
troesophageal varices, illustrating that formation of collaterals is not always associated
with development of varices (10).

Once collateralization is extensive, factors modulating the collateral resistance become
important determinants of portal pressure (11). Portosystemic collaterals and varices do
have a vascular smooth muscle layer that is able to actively modify vessel diameter and,
therefore, collateral resistance. Collateral resistance is influenced by endogenous vasoac-
tive factors, including the adrenergic and serotoninergic tone, nitric oxide (NO), vaso-
pressin, and endothelin (12,13), which are all frequently activated in cirrhosis. Therefore,
the pharmacological manipulation of these systems may modify portal pressure and col-
lateral formation (14,15).

Enlargement of Varices
Several factors may contribute to progressive dilation of the varices. The first is the

chronic increase in portal pressure and blood flow. On top of this increased portal pres-
sure, cirrhotic patients experience sharp increases in portal pressure and flow associated
with meals (16,17), ethanol consumption (18), and circadian rhythms (19). In addition,
physical exercise (20) and increased intra-abdominal pressure (21,22) cause abrupt
increases in portal and variceal pressure. Such repeated increases in pressure and blood
flow may contribute to progressive dilation of the varices (Fig. 1), and their prevention
should be contemplated in the management of portal hypertension.

Variceal Rupture
For many years, it was thought that variceal bleeding was favored by mechanical trauma

(caused by swallowing solid food) or external erosion (caused by gastroesophageal reflux)
over the thin wall of the varices. However, there is no evidence to substantiate that view
because there is no proven relationship between eating and bleeding, neither the incidence
of reflux nor esophagitis is greater in patients with bleeding varices than in those without
(23,24). Because of that, most authors at present accept the so-called “explosion” hypoth-
esis of variceal rupture in which the main factor implicated is the increased wall tension
of the varix. If this wall tension exceeds the elastic limit of the vessel, then variceal rup-
ture occurs. Wall tension (WT: the inwardly directed force exerted by the variceal wall
against progressive distention) can be defined according to Frank’s modification of
Laplace’s law, by the equation:

WT = (Pi - Pe) ↔ r /w,

in which Pi is the intravariceal pressure, Pe is the pressure in the esophageal lumen, r
is the radius of the varix, and w is the thickness of its wall (1,23). Thus, the three factors
that interplay in variceal rupture are variceal pressure, size, and wall thickness (Fig. 2).
Variceal pressure is the more important one because it provides the driving force for the
dilatation of the varices, and as the varices dilate, their wall becomes thinner, which fur-
ther contributes to increase wall tension (Fig. 3).

Variceal pressure is a function of portal pressure. Indeed, many studies have shown
that variceal bleeding does not occur if the HVPG does not reach a threshold value of
12 mmHg (5,6,25). Conversely, if the HVPG is substantially reduced (by more than 20%
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Fig. 2. Laplace’s Law applied to esophageal varices allows to explain how different factors interact
in the pathophysiology of variceal bleeding.

Fig. 3. Interrelationship between the different factors determining variceal wall tension. As shown,
the most important factor is the increased portal pressure, which causes the formation, dilatation
and rupture of the varix.

of baseline levels or to less than 12 mmHg), there is a marked reduction in the risk of
bleeding, a significant increase in survival probability, and a significant decrease in the
size of the varices, that can even disappear (26–29). This is of utmost importance, because
it demonstrates that the portal hypertension syndrome is reversible by effective pharma-
cological treatment (29).
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The recent introduction of endoscopic techniques for the measurement of variceal
pressure (reviewed in Chapter 12) has allowed new observations to support the role of
increased intravariceal pressure determining variceal rupture. Variceal pressure measure-
ments have shown that patients with previous bleeding have higher variceal pressures than
nonbleeders and that variceal pressure is a better discriminator of the risk of bleeding than
HVPG (7). Longitudinal studies have further shown that variceal pressure is a good prog-
nostic indicator of the bleeding risk and of the response to pharmacological therapy (30,31).

The concept of variceal wall tension also explains why esophageal varices are more
prone to bleed than other collaterals, either in the thorax (as the periesophageal veins) or
in the gut or other abdominal organs (ectopic varices). This is because the transmural pres-
sure is higher at the esophageal varices than in varices of other locations, due to the nega-
tive esophageal luminal pressure during inspiration. Furthermore, esophageal varices
lack external tissue support, which decreases the elastic limit of the vessel.

Variceal size and wall thickness are the other factors implicated in wall tension (Fig. 2).
Frank’s equation indicates that a large variceal size multiplies the deleterious effects of
a high intravariceal pressure increasing the tension exerted on the wall of the varices; a
big varix with thin walls will reach a high wall tension (and risk of bleeding) at much lower
variceal pressures than a small varix with thick walls. This is clearly supported by clinical
observations. Prospective follow-up studies of large series of patients have shown that
the risk of bleeding is directly related to variceal size and inversely to variceal wall thick-
ness (evaluated as the presence of red wale markings, which reflect areas where the wall
of the varices is especially thin) (32). Thus, the risk of bleeding in patients with “large”
varices is double from that of patients with “small” varices.

The factors determining variceal wall tension are mutually interrelated, increased vari-
ceal pressure increasing wall tension directly, but also by increasing the size (radius) of
the varix and, by the same mechanism, decreasing wall thickness (Fig. 3).

Natural History of Varices as a Function of Variceal Wall Tension
According to the above considerations, the natural history of portal hypertension can

be described as a function of variceal wall tension. Once wall tension increases to values
exceeding the elastic limit of the varices, the patient will experience a first bleeding epi-
sode. After this, the patient remains at a high risk of rebleeding unless wall tension is
decreased. This can be achieved by pharmacological means by decreasing portal pressure
and/or collateral blood flow. Similarly, primary prophylaxis protects from the risk of
bleeding by preventing or delaying variceal wall tension to reach the rupture point.

In summary, the sequence of events leading to variceal hemorrhage is therefore initi-
ated by a high portal pressure, which promotes the opening of collaterals and the formation
of varices. The maintenance of an increased intravascular pressure, together with a high
collateral blood flow, cause the dilatation of the varices, and as the varices dilate, their
walls become thinner. At this moment, any further increase in variceal pressure or size, or
any defect in the variceal wall, will cause rupture of the varices and clinical hemorrhage.

THE NATURAL HISTORY
AND CLINICAL COURSE OF VARICEAL BLEEDING

The information on the natural history and clinical manifestations of portal hyperten-
sion is primarily drawn from patients with liver cirrhosis, the best-studied disease causing
portal hypertension. It is generally accepted that this information is applicable to most
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of the other causes of portal hypertension, although some differences may be identified
in specific diseases.

Rate and Risk Factors for the Development,
Progression, and Rupture of Esophageal Varices

The Rationale for Screening and Surveillance

DEVELOPMENT OF ESOPHAGEAL VARICES

When cirrhosis is diagnosed, varices are present in about 30–40% of compensated
patients and in 60% of those who present with ascites (33,34). Because portal hyperten-
sion develops eventually in almost every patient with cirrhosis, it is thought that if cir-
rhotic patients are followed long enough, virtually all will develop varices (35).

In those cirrhotic patients that present without varices, the annual incidence of new
varices is about 5–10% (34–37). A single report in patients with advanced liver disease
showed a much higher incidence (38). An HVPG over 10 mmHg (39) is a strong predic-
tor for the development of varices. This is in keeping with the previously discussed role
of portal pressure as the driving force for the development of collaterals. No other factors
have been associated with the development of varices (37,40).

PROGRESSION OF ESOPHAGEAL VARICES FROM SMALL TO LARGE

Once developed, varices increase in size from small to large before they eventually
rupture and bleed. Studies assessing the progression from small to large varices are con-
troversial, showing rates of progression of varices ranging from 5% to 30% per year (37,
38,41–44). The most likely reason for such variability is the different patient selection
and follow-up endoscopy schedule across studies (40). The factor that has been most con-
sistently associated with variceal progression is baseline Child–Pugh or its worsening dur-
ing follow-up (37,38,43). Other reported factors were alcoholic etiology of cirrhosis and
the presence of red wale markings (37). It has been shown that changes in HVPG (either
“spontaneous” or caused by drug therapy or TIPS) are usually accompanied by parallel
variations in the size of the esophageal varices, which are significantly reduced when
HVPG decreases below 12 mmHg (26,45). Thus, an increased HVPG plays a key role both
in development and progression of the varices.

INCIDENCE AND RISK INDICATORS OF FIRST BLEEDING FROM ESOPHAGEAL VARICES

Once diagnosed, the overall incidence of variceal bleeding is in the order of 25% at
2 yr in nonselected patients (46). Many efforts have been made to define risk criteria for
the development of variceal bleeding. The most important predictive factors related to the
risk of bleeding are variceal size, severity of liver dysfunction expressed by the Child–
Pugh classification and red wale marks (32). As explained above, variceal size and red
color signs are associated with increased bleeding risk probably because they contribute
to increase variceal wall tension, which is the decisive factor determining variceal rupture
(8). These risk indicators have been combined in the NIEC index, which allows to clas-
sify patients in different groups with predicted 1-yr bleeding risk ranging from 6 to 76%
(32). However, the predictive power of this index is far from satisfactory. In fact, the best
operative characteristics of the NIEC index in the prediction of the bleeding risk are 74%
sensitivity and 64% specificity with a positive predictive value of 33% and negative of
91% (47). Whether these indexes can be improved by incorporating additional param-
eters related with portal hypertension (i.e., spleen size, platelet count, HVPG measure-
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ment) remains to be determined. Overall, variceal size remains the most useful predictor
for variceal bleeding (47), and this is the variable that is used in clinical practice to decide
whether a patient should be given prophylactic therapy or not. The risk of bleeding is very
low (between 1 and 2%) in patients without varices at the first examination, and increases
to about 5% per year in those with small varices and to 15% per year in those with medium
or large varices at diagnosis (1,48).

Screening for Esophageal Varices and Subsequent Surveillance
The aim of the screening for esophageal varices is to detect those patients that are going

to receive prophylactic treatment, which, according to current recommendations, are those
with large varices (49).

Thus, the current consensus is that every cirrhotic patient should be endoscopically
screened for varices at time of diagnosis (49). Although several studies indicate that non-
invasive tests (particularly platelet count and data obtained from abdominal ultrasound)
may have a potential use in selecting a group of patients with a high risk for varices (4,50–
53), so far none of these has proved in independent samples to be accurate enough so that
endoscopy can be safely omitted in patients with negative noninvasive indicators. Two
recently published cost-effectiveness decision analysis have challenged universal endo-
scopy screening in cirrhosis (54,55). In these reports, it is suggested that empiric β-blocker
therapy for all patients without endoscopic screening is more cost-effective than universal
screening and primary prophylaxis only in patients with large varices. A third study sug-
gested also that empiric β-blocker therapy is more cost-effective, but only in patients with
decompensated cirrhosis (56). However, the major drawbacks of β-blockers are patient
adherence and side effects (and, thus, quality of life), which are difficult to fully account
for in decision analysis studies. The response to this question can only be answered with
a prospective randomized study. However, the lack of effectiveness of β-blockers pre-
venting the development of varices, and the high rate of side effects observed even in well-
compensated patients (39) questions whether such a trial is worth doing.

In patients without varices on initial endoscopy, a second (follow-up) evaluation should
be performed to detect the development of varices before these bleed. The current con-
sensus is that endoscopy should be repeated after 2–3 yr in patients without varices at
the first endoscopy (49). The expected incidence of large varices and/or variceal bleed-
ing in these patients (and, thus, the risk of leaving patients without prophylaxis when it was
indicated) is less than 10% at 3 yr (37,40,41). In those centers in which hepatic hemody-
namic studies are available, it is advisable to measure HVPG. An HVPG over 10 mmHg
indicates a more rapid progression to complications of cirrhosis, and calls for shorter
surveillance intervals (39).

In patients with small varices on initial endoscopy the aim of subsequent evaluations
is to detect the progression of small to large varices because of its important prognostic
and therapeutic implications. Based on an expected 10–15% per year rate of progression
of variceal size, endoscopy should be repeated every 1–2 yr in patients with small varices
(49). In patients with advanced cirrhosis, red wale marks or alcoholic etiology of cirrho-
sis, a 1-yr interval might be recommended (37,40).

The Course of the Acute Bleeding Episode: Prognostic Factors
Ruptured esophageal varices cause 70% of all upper gastrointestinal bleeding episodes

in patients with portal hypertension (57). Thus, in any cirrhotic patient with acute upper



Chapter 12 / Natural History 175

gastrointestinal bleeding, a variceal origin should be suspected. Clinical features are those
of upper gastrointestinal bleeding (often masive), combined with those of liver cirrhosis.
The incidence of variceal bleeding shows a diurnal rhythm, with two peak incidences at
8–10 AM and 8–10 PM (19,58). This rhythmicity is probably explained by circadian varia-
tions in portal pressure (19). Variceal bleeding is often intermittent, which should be taken
into account in its diagnostic approach. Diagnosis is established at emergency endoscopy
based on observing one of the following: (a) active bleeding from a varix (observation of
blood spurting or oozing from the varix) (near 20% of patients); (b) white nipple or clot
adherent to a varix; (c) presence of varices without other potential sources of bleeding.

Initial control of bleeding. Because variceal bleeding is frequently intermittent, it is
difficult to assess when the bleeding stops and when a new hematemesis or melena should
be considered an episode of rebleeding. Several consensus conferences have addressed
this issue and set definitions for events and timing of events related to episodes of variceal
bleeding (49,59,60). According to these definitions, the index bleeding episode is sepa-
rated from the first episode of rebleeding by at least a 24-h interval without bleeding, dur-
ing which no new hematemesis and/or melena occurs and all of the following criteria are
verified: stable hemoglobin levels, systolic blood pressure above 100 mmHg or a pos-
tural change of less than 20 mmHg, and a pulse rate below 100/min. Using these criteria,
the median duration of an acute episode of variceal bleeding is approx 10 h (1). Data from
placebo-controlled clinical trials have shown that variceal bleeding is spontaneously con-
trolled in 40–50% of patients (46). With currently available treatments control of bleed-
ing increases to about 80–90% of the patients (57).

Early rebleeding. The incidence of early rebleeding ranges between 30% and 40% in
the first 6 wk. The risk peaks in the first 5 d with 40% of all rebleeding episodes occurring
in this very early period, remain high during the first 2 wk and decline then slowly in the
next 4 wk. After 6 wk, the risk of further bleeding becomes virtually equal to that before
bleeding (61). A recently published series shows that currently available treatments have
reduced 6-wk rebleeding to 20% (57). In this series, only 25% of rebleedings occurred
within 5 d, a finding that stresses that elective treatment to prevent rebleeding should be
initiated as soon as the patient is stabilized. Early rebleeding is a strong predictor of death
within 6 wk, indicating that its prevention should be a priority in the management of
variceal bleeding. Prognostic indicators for early rebleeding were assessed in most studies
together with initial failure to control bleeding and 5-d risk for death, conforming a com-
posite end-point referred to as “5-d failure.” Bacterial infection (62–64), active bleeding
at emergency endoscopy (57,63,65), Child–Pugh class or score (57,63), AST levels (57),
the presence of portal vein thrombosis (57), and a HVPG > 20 mmHg measured shortly
after admission (66) (Fig. 4) have been reported as significant predictors of risk for 5-d
failure (Table 1).

Mortality. Mortality from variceal bleeding has greatly decreased in the last two decades
from a 42% mortality registered in the Graham and Smith study in 1981 (61) to the 20%
reported by D’Amico in a prospective cohort study in Italian patients carried out between
1997 and 1999 (57). This trend was previously suggested by the analysis of the control
groups of successive randomized trials in variceal bleeding (67), and from two retrospec-
tive studies from the United States (68,69). This decrease is caused by the implementa-
tion of effective treatments, such as endoscopic and pharmacological therapies and TIPS,
as well as from improved general medical care (i.e., antibiotic prophylaxis). Because it
may be difficult to assess the true cause of death (i.e., bleeding vs liver failure or other
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adverse events), the general consensus is that any death occurring within 6 wk from hos-
pital admission for variceal bleeding should be considered as a bleeding-related death (49).

Immediate mortality from uncontrolled bleeding is in the range of 4–8% (34,36,57).
The only available study that addresses pre-hospital mortality from variceal bleeding
estimated that 3% of the patients with variceal bleeding die before arriving to a hospital
(70). Like the risk for rebleeding, the risk for mortality peaks the first days after bleeding,
slowly declines thereafter, and after 6 wk becomes constant and virtually equal to that
before bleeding (46,61). Nowadays, only 40% of the deaths are directly related to bleeding,
whereas 50% are caused by liver failure and hepatorenal syndrome (57). Thus, although
there is still room for improving hemostatic treatments, to substantially decrease mor-
tality from variceal bleeding therapies should be able to prevent liver and renal function
deterioration.

Accurate indicators of risk for early death, available at hospital admission, could allow
selection of patients for more aggressive therapies, such as emergency shunt or TIPS,
before their conditions deteriorate hampering further therapy. Unfortunately, the indica-
tors of risk so far identified are also indicators of poor outcomes after derivative treatments
and, consequently, are of limited clinical value. On hospital admission, the most con-
sistently reported death risk indicators are Child–Pugh classification or its components,
BUN or creatinine, active bleeding on endoscopy, hypovolemic shock, and hepatocellular
carcinoma (57,61,62,71–73). Additionally, an HVPG >20 mmHg (66) has been reported
as strong indicator of treatment failure. Conceivably, it is also associated with a higher
risk of death, although its specific prognostic role for 6-wk mortality has not been assessed.
Prognostic indicators gathered in the early follow-up are of no help in selecting immediate
therapy, but do aid in developing a more focused and rational management of the patient.
The most important among late prognostic indicators are early rebleeding (65,72), bacte-
rial infection (64), and renal failure (72,73) (Table 2). From these data it is clear that man-

Fig. 4. Probability of being free of “poor evolution” (failure to control bleeding, early rebleeding,
or death) in acute variceal bleeding patients according to HVPG. Those patients with an HVGP ⊕ 20
had a poorer outcome [unpublished figure elaborated with data from Moitinho et al. (66)].



Chapter 12 / Natural History 177

agement of bleeding cirrhotic patient should be aimed not only at controlling the bleed-
ing, but also at preventing early rebleeding, infection, and renal failure.

Models to predict treatment failure and mortality. A number of models to predict
mortality and/or treatment failure have been proposed in the recent few years (65,71,74,
75). None of them has permeated clinical practice or trial design, where Child–Pugh
score is still the leading prognostic tool. The most recent proposal has been that of
D’Amico et al. (57), who have developed and validated in a prospective multicenter
study prognostic models for 5-d failure and 6-wk morality. These models were found to
fare better than Child–Pugh score. However, whether these models really improve other
regression models (65,71,74,75) and how they might serve to direct clinical practice or
to stratify patients in clinical trials is uncertain. Another suggestion has been to apply
the APACHE II score (which is used to assess patients in critical care units) to predict
prognosis in variceal bleeding. Although this score showed similar theoretical predic-
tive value to Child–Pugh, Gatta’s, and Garden’s scores, it greatly overestimated mortality

Table 1
Prognostic Indicators, With Their Reported

Odds Ratio/Hazard Ratio, for Early Rebleeding or “5-d Failure”
(Failure To Control Bleeding, Early Rebleeding or Death)

Variable OR/HR References

HVPG ⊕ 20 mmHg 11.4 (66)
Bacterial infection 4.6–9.7 (62–64)
Active bleeding at endoscopy 2.1–3.7 (57,63,65)
Portal vein thrombosis 3.1 (57)
Child–Pugh class 2.7 (57)
Child–Pugh score 1.2 (63)
AST levels (per IU increase) 1.003 (57)

HVPG: hepatic venous pressure gradient.

Table 2
Prognostic Indicators, With Their Reported

Odds Ratio/Hazard Ratio, For Bleeding-Related Death

Variable OR/HR References

At admission
Shock 5.8–9.9 (64,73)
Hepatocellular carcinoma 3.1–7.5 (57,71,72)
Hepatic encephalopathy 2.4–6.9 (57,64,65,72)
Active bleeding 5.4 (61)
Child–Pugh score 4.5 (62)
Prothrombin time, Bilirrubin, Albumin — (57,65,71)
Creatinine, Urea — (65,71)

Late prognostic indicators
Renal failure 17.1–52.1 (72,73)
Bacterial infection 12.6 (64)
Early rebleeding 3.2–8.7 (65,72)
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(76). The usefulness of this score is probably limited to the most severe patients requiring
complex critical care management.

Long-Term Recurrent Bleeding from Esophageal Varices and Mortality
Patients surviving a first episode of variceal bleeding have a very high risk of rebleed-

ing and death. Median rebleeding incidence within 1 to 2 yr in untreated controls of ran-
domized controlled trials (RCTs) of nonsurgical treatment for prevention of recurrent
bleeding reported after 1981 is 63%. The corresponding mortality figure is 33% (46).
Because of these high risks, all patients surviving a variceal bleeding should be treated
for prevention of rebleeding independently of other risk indicators (49,77). RCTs for pre-
vention of rebleeding suggest that risk indicators of rebleeding and death are variceal
size, Child–Pugh class, continued alcohol abuse and hepatocellular carcinoma (46). An
HVPG > 20 mmHg is significantly associated with higher risk of 1-yr mortality (66). A
spontaneous decrease in portal pressure after alcohol abstinence or the pharmacological
reduction of portal pressure are associated with a sustained decrease in the risk of rebleed-
ing (27,29,45), indicating that effective portal pressure reducing treatment can reverse
the natural history of portal hypertension (29).
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INTRODUCTION

To understand the possible strategies to prevent and treat esophageal variceal bleeding
in cirrhotic patients, a brief summary of the mechanisms leading to variceal formation
and rupture, as well as of the natural history of variceal bleeding, is necessary.

Esophageal varices develop as a consequence of portal hypertension, which is the result
of an increase of both intrahepatic resistance and portal venous inflow. The increase of
intrahepatic resistance has a passive component caused by fibrosis, scarring, and nodule
formation, and a more recently recognized active component due to vasoconstriction of
the intrahepatic vascular bed. The increased portal venous inflow results from splanchnic
vasodilation. The mechanisms leading to increased intrahepatic resistance and portal
blood flow are discussed in detail elsewhere. Portal hypertension leads to the develop-
ment of portosystemic collateral channels, which tend to increase in size with time. Gas-
troesophageal collaterals, which have the greatest clinical importance because of their
propensity to bleed, develop between the short gastric and coronary vein and the esoph-
ageal, azygos, and intercostal veins, and lead to the formation of gastric and esophageal
varices. Variceal rupture occurs when the tension in the wall of the varix exceeds a cri-
tical value; wall tension is directly proportional to the transmural pressure gradient in
the varix and to the radius of the varix, and inversely proportional to wall thickness.
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Variceal bleeding carries a mortality which, in the most recent studies, ranges around
20% (1,2); in addition, a patient surviving a variceal bleed has a risk of rebleeding, if
untreated, of about 60% (3). Therefore, therapeutic strategies for portal hypertension
must include measures to prevent the first bleed, to treat acute bleeding, and to prevent
rebleeding.

To prevent variceal formation, growth, and rupture, several approaches can be consid-
ered. Portal pressure may be reduced by drugs that decrease portal venous inflow, such as
vasoconstrictors (terlipressin, somatostatin, or its analogs for acute bleeding, nonselec-
tive β blockers to prevent first bleeding and rebleeding), or by drugs that decrease intra-
hepatic resistance, such as vasodilators (isosorbide-5 mononitrate). A greater reduction
in portal pressure can be obtained by a combination of vasoconstrictors and vasodilators,
which decreases both portal flow and intrahepatic resistance (4). An even greater reduc-
tion in portal pressure may be achieved by surgical or radiological shunt interventions,
which divert the portal blood into the systemic circulation. Finally, variceal bleeding may
be prevented by endoscopic treatments aimed at obliterating the varices, which, although
not influencing portal pressure, decrease the risk of bleeding by closing the varicose
channels. The mechanisms of action of the different therapeutic means to prevent and
treat variceal bleeding are summarized in Table 1.

In this chapter, I will review the possible strategies to prevent and treat esophageal
variceal rupture.

PRIMARY PROPHYLAXIS OF PORTAL HYPERTENSION

The prevention of the first variceal bleed (primary prophylaxis) could start at three
different points in time:

1. when portal hypertension is present, but varices have not yet appeared, aiming at prevent-
ing variceal formation;

2. when small varices are present, aiming at preventing the growth of varices;
3. when large varices are already present, aiming at preventing variceal rupture.

Prevention of Variceal Formation
This approach has been evaluated in two studies, in which β-blockers were used. In the

first one (5), 208 patients, of which 38% had no varices at enrolment, were randomized

Table 1
Mechanisms of Action of Treatments for Portal Hypertension

                      Treatment

Vasoconstrictors+
Action on Vasoconstrictors Vasodilators  vasodilators Shunts Endoscopy

Flow ⎠ ⎠ — ⎠ ″ —
Resistance ″ ⎠ ⎠ ⎠ ⎠ ⎠ —
Portal pressure ⎠ ⎠ ⎠ ⎠ ⎠ ⎠ ⎠ —
Varicose channels — — — — +
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to placebo or propranolol treatment. At 2 yr of follow-up, significantly more patients on
propranolol (31%) had developed large varices as compared with patients on placebo
(14%; p < 0.05). There was no difference in the development of large varices in patients
with no varices or with small varices at inclusion. The proportion of patients who bled
from varices (2%) was identical in the two groups. This study has been criticized because
no measurement of portal pressure was done and there was a 35% overall dropout rate.
The second study (6) enrolled 213 patients with no varices and proven portal hyperten-
sion (HVPG >6 mmHg), which were randomized to placebo or timolol. At 4 yr of follow-
up, 37% of patients developed esophageal varices and 3% bled, with no difference between
the study groups. The number of serious adverse events was significantly higher in patients
treated with timolol (19% vs 6%; p < 0.01).

From the above data, it appears that β-blockers treatment is not effective in preventing
the development of varices in patients with portal hypertension.

Prevention of the Growth of Small Varices to Large Ones
This approach has been investigated in two studies, the French one mentioned above

(5), in which propranolol was ineffective in preventing the growth of varices in the 62%
of patients with small varices at enrolment, and an Italian trial (7), in which 161 patients
with small varices were randomized to receive either nadolol or placebo. At 3 yr, the
varices had increased in size in 11% of patients in the nadolol group and in 37% of those
receiving placebo (p < 0.01). Significantly fewer patients bled in the nadolol group (2.4%)
than in the placebo group (11.5%; p = 0.022). Thus, two studies of similar design gave
opposite results. Therefore, no definitive conclusion can be drawn on the efficacy of β-
blocker treatment in preventing the enlargement of varices.

Prevention of First Bleeding
Historically, the first treatment used to prevent the first variceal hemorrhage in cirrho-

tic patients has been the surgical portacaval shunt. However, this form of therapy has been
abandoned because shunted patients had a significantly higher mortality than control
patients (8). In the 1980s, both nonselective β-blockers and endoscopic sclerotherapy were
studied as possible treatments for prevention of first bleeding. Sclerotherapy has subse-
quently been abandoned because of inconsistency of results across trials (9,10), whereas
β-blockers have become the mainstay of prophylaxis (11,12 ). It is generally agreed that
only patients with medium-sized or large varices should be treated prophylactically (12,
13), because the risk of bleeding in patients with small varices is very low (13). A recent
meta-analysis (13) of trials comparing β-blockers with placebo showed that β-blockers
reduce the mean weighted incidence of bleeding from 25% to 15%, with a relative risk
reduction of 40% and an absolute risk reduction of 10% (95% confidence intervals −16%
to −5%). This means that 10 patients must be treated with β-blockers to prevent one bleed
that would have occurred if all patients had been treated with placebo [number needed to
treat (NNT) = 10]. Patients in whom β-blockers decrease the HVPG to below 12 mmHg
are completely protected from bleeding (14), whereas a reduction of 20% from baseline
values reduces the incidence of bleeding to less than 10% (15). Unfortunately, a reduction
below 12 mmHg or a 20% decrease of the HVPG from baseline can only be achieved in
about 20% and 35% of patients, respectively. In addition, β-blockers cause side effects in
16–20% of cases, which lead to the withdrawal of 6–12% of patients from therapy (16–18).
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These facts have stimulated the search for alternative strategies for preventing first
bleeding. Nitrovasodilators have been investigated for their ability to decrease portal pres-
sure by decreasing hepatic and portocollateral resistance. In one study (19), isosorbide-
5-mononitrate was equivalent to propranolol in preventing bleeding, but, on extended
follow-up (20), was associated with a significantly higher mortality in patients over 50
yr of age. In a study in decompensated cirrhotic patients (21), isosorbide-5-mononitrate
had significantly fewer side effects as compared to nadolol, but was significantly less
effective in preventing bleeding. A third study comparing isosorbide-5 mononitrate with
placebo in patients with intolerance or contraindications to β-blockers (22) showed no
difference between treatments for the prevention of bleeding. Experimentally, combina-
tion therapy with isosorbide-5-mononitrate and β-blockers has been shown to enhance
the portal pressure lowering effect of β-blockers (4). This combination has been com-
pared with β-blockers alone in three studies (23–25). Meta-analysis of these studies (13)
showed no significant difference in efficacy between treatments, although side effects
were remarkably more frequent with the combination therapy. Thus, isosorbide-5-mono-
nitrate, alone or in combination with β-blockers, does not appear to be a suitable alter-
native to β-blockers for prevention of the first variceal bleeding.

In recent years, band ligation has been compared with no treatment in five trials (26–30).
Meta-analysis of these studies (31) has shown that band ligation significantly decreases
both the incidence of first bleeding and mortality. A comparison between band ligation
and β-blockers has been made in seven trials (32–38, Fig. 1), only two of which (33,36)
are published in full. In all studies, band ligation was more effective than β-blockers in pre-
venting first bleeding, but the difference reached statistical significance only in two (33,
37). Meta-analysis of these trials shows that band ligation reduces the incidence of first
bleeding from 23% to 14%, with a relative risk reduction of 39%, an absolute risk reduc-
tion of 9% (95% confidence interval: −17% to −3%) and a number needed to treat of 11
(Fig. 2A). Mortality was equal with the two treatments. It has been argued that in the only
two trials that showed a significant difference in favor of band ligation (33,37), the per-

Fig. 1. Randomized controlled trials of endoscopic ligation (EL) vs β-blockers for the prevention
of the first variceal bleed.
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formance of β-blockers was exceedingly poor. In effect, when these two trials are excluded
from meta-analysis, the difference disappears [Fig. 2B; bleeding: β-blockers 20%, band
ligation 14%, relative risk reduction 30%; absolute risk reduction 6% (95% C.I. −12% to
+0.2%; number needed to treat 17)]. At any rate, it appears that band ligation and β-block-
ers are roughly equivalent in preventing first bleeding.

An attempt at optimizing the pharmacological prevention of variceal bleeding has
recently been made by Bureau et al. (39). In this study, the HVPG was measured before
starting treatment with propranolol and at a mean of 9 d thereafter. Patients responding to
treatment (primary responders, i.e., showing a reduction of the HVPG to below 12 mmHg
or by 20% from baseline) continued with propranolol. Nonresponders received additional
treatment with I-5MN. In these, a third HVPG measurement was made at a mean of 17 d
after starting I-5MN. Both secondary responders and nonresponders continued the com-
bined treatment (Fig. 3). There were 10 primary and 4 secondary responders, none of which
bled, whereas 2 of 6 (33%) nonresponders bled.

It appears thus that prevention of first variceal bleeding should start when patients have
medium-sized or large varices. β-blockers remain the mainstay of treatment, whereas
band ligation should be the first-line treatment for patients with contraindications or intol-
erance to β-blocker treatment (12) (Fig. 4). Cost-effectiveness analyses should be made
to clarify whether band ligation can be used as an alternative to β-blockers for all patients.
Whether the tailoring of pharmacological treatment based on HVPG monitoring is really
worthwhile should be verified in larger patients series.

These recommendations have recently been challenged by a study by Spiegel et al.
(40), who evaluated the cost-effectiveness ratio of different strategies for preventing
first bleeding by a decision analysis based on the Markov model. The authors conclude
that the most cost-saving strategy would be to treat all cirrhotic patients with β-blockers,
without any selection based on the endoscopic appearance of the varices. This theoretical
study will have to be verified in practice. In this respect, the recent study by Groszmann
et al. mentioned above (7) goes against the conclusions of Spiegel et al. (40).

Fig. 2. Meta-analysis of randomized controlled trials of primary prophylaxis of variceal  haemorrhage:
band ligation (B) vs propranolol (P).
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CLINICAL MANAGEMENT OF ACTIVE BLEEDING

Variceal bleeding is a life-threatening complication of portal hypertension which, in
spite of recent progress (41), still carries a high mortality (1,2) and has substantial resource-
use implications (42). Mortality is related to several factors such as failure to control
bleeding, early rebleeding, the severity of the underlying liver disease, the presence of
infection and of disease in other systems. The management of the acute bleed is a multi-
step process that includes the initial assessment of the patient, effective resuscitation,
timely diagnosis, control of bleeding, and prevention of early rebleeding and complica-

Fig. 3. “A la carte” treatment of portal hypertension: adapting medical therapy to hemodynamic
response for the prevention of bleeding (from ref. 39).

Fig. 4. Algorithm for prevention of first variceal bleeding in cirrhosis. Dotted arrows with question
marks denote steps that need to be verified.
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tions such as infection, renal failure, or hepatic encephalopathy. It has been recently
shown that about two-thirds of deaths in which bleeding is the precipitating cause occur
within 24 h of the onset of bleeding, thus emphasizing the need to act fast and decisively
as soon as the patient reaches the hospital (43).

Initial Assessment of the Patient
The presence of alcohol abuse, NSAIDs or aspirin consumption, previous bleeding,

or previous diagnosis of liver disease should be investigated. Physical examination must
include the search for signs of chronic liver disease. The initial examination and investi-
gations should assess the severity of bleeding, the presence of renal dysfunction and of
disease in other systems, the severity of liver disease (Child–Pugh score) and the pres-
ence of infection (cultures).

Resuscitation
Care must be taken to avoid aspiration, especially in unconscious patients; endotrach-

eal intubation may be necessary. Peripheral and central lines must be inserted, blood gas
analysis must be done, and pulse oximetry must be monitored during endoscopy. Volume
replacement must be done cautiously and carefully, because it has been demonstrated
experimentally that complete volume restitution may result in overshoot in portal pres-
sure, with inherent risk of further bleeding (44,45). Current guidelines suggest to use
packed red cells to maintain the hematocrit between 25–30%, and plasma expanders to
maintain haemodynamic stability (12).

Diagnosis
Upper GI endoscopy is the mainstay of diagnosis, as it allows the identification of the

cause and type of bleeding. It has been recently confirmed (1) that about 25–30% of bleeds
in cirrhotic patients are of nonvariceal origin, mainly peptic ulcer and portal hyperten-
sive gastropathy. In addition, when endoscopy is done early, active bleeding is found in
only about 39–44% of patients, whereas 33–44% show signs of recent bleeding (clots or
“white nipple” on varices) (46) , and no sign of active or recent hemorrhage is found in the
remaining 12–28% (1,42). This has important implications for both the prognosis and
management of patients, because active bleeding at endoscopy is a predictor of early treat-
ment failure. Thus, endoscopy should be performed as soon as possible after admission
(within 12 h), especially in patients with clinically significant bleeding or in patients with
features suggesting cirrhosis (12).

Control of Bleeding and Prevention of Early Rebleeding
Treatment of acute variceal bleeding should aim both at controlling bleeding and at pre-

venting early rebleeding, which is particularly common within the first week and is asso-
ciated with increased mortality (47). Both pharmacologic therapy with vasoactive drugs
(terlipressin, somatostatin, octreotide) (13) and endoscopic treatment (sclerotherapy and
band ligation) (10) have been shown to be effective in controlling acute bleeding. Studies
comparing endoscopic sclerotherapy and pharmacologic treatment with vasoactive drugs
have shown that the two treatment modalities have similar efficacy, whereas sclerother-
apy has a somewhat higher complication rate (48,49). A recent study from Spain (50) com-
pared different schedules of somatostatin administration. A retrospective analysis of
the data suggested that a double dose of somatostatin infusion (500 µg/h) may be more
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effective than the standard 250 µg/h dose in patients with active bleeding at endoscopy.
This finding will have to be confirmed in prospective studies.

Treatment regimens combining the use of a vasoactive drug (terlipressin, somatostatin,
or its analog octreotide or vapreotide) with endoscopic therapy (sclerotherapy or band
ligation) have received a great deal of attention in recent years. Between 1995 and 2001,
10 studies (51–60), including a total of 1273 patients, have compared combined treat-
ments with endoscopic treatments alone. A recent meta-analysis (61) including eight of
these trials (52–55,57–60) showed that pharmacologic + endoscopic treatment is more
effective than endoscopic therapy alone in controlling acute bleeding and preventing 5 d
rebleeding, although there was no difference in mortality. Even including the studies
that were excluded (51,56) or only partly included (55) in this meta-analysis, the results
do not change [control of acute bleeding: combination 90%, endoscopic treatment alone
76%, relative risk reduction 16%, absolute risk reduction 14% (95% confidence inter-
vals −4 to −23%), NNT = 7; 5-d prevention of rebleeding: combination 72%, endosco-
pic treatment alone 59%, relative risk reduction 18%, absolute risk reduction 13% (95%
confidence intervals −17% to −8%); NNT = 7.7]. There was no difference in 5-d and 42-
d mortality figures (combination 7%; endoscopic treatment alone 9% at 5 d; 22 and 27%,
respectively, at 42 d) (Fig. 5). The combination of emergency sclerotherapy plus somato-
statin or octreotide infusion has been compared with somatostatin or octreotide alone in
two trials (62,63). In both, the combined treatment was more effective than drug treat-
ment alone in controlling bleeding and preventing early rebleeding, although statistical
significance was only reached in the first one. It appears thus that the combination of endo-
scopic and pharmacologic treatment can control bleeding in about 90% of patients and
prevent early rebleeding in about 80% (61). A recent survey has shown that this combi-
nation is widely adopted in the routine management of variceal bleeders (1).

It has recently been shown that the administration of recombinant activated factor VII
(rFVIIa) normalizes prothrombin time in bleeding cirrhotics (64). The potential role of
rFVIIa has been evaluated in a multicenter European trial (65), including 245 bleeding
cirrhotic patients who were randomized to receive eight doses of rFVIIa,100 µg/kg or

Fig. 5. Meta-analyses of treatments for acute bleeding in cirrhosis: drugs + endoscopic treatments
(A) vs endoscopic treatments alone (B). (10 trials; 1273 patients).
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placebo in addition to combined endoscopic + pharmacologic treatment. The primary
endpoint was a composite including: failure to control bleeding at 24 h, failure to prevent
rebleeding between 24 h and 5 d, and death within 5 d. No significant effect was found
when analyzing the whole patients population; however, an exploratory analysis showed
that, in Child–Pugh B and C variceal bleeders, rFVIIa significantly reduced the occur-
rence of the primary endpoint (from 23% in patients receiving placebo to 8% in patients
receiving rFVIIa, p = 0.03), and improved bleeding control at 24 h (from 88% to 100%,
p = 0.03). These data are encouraging, but require confirmation by studies specifically
targeted on the appropriate patients.

Prevention of Complications
Bacterial infection is a serious complication of advanced cirrhosis, particularly in

bleeding patients (66–70). The urinary tract, ascites, respiratory tract, or multiple sites may
be involved (68), with spontaneous bacterial peritonitis accounting for 7–12% (67,68);
the enteric flora accounts for the majority of infections, and Escherichia coli is the most
frequently involved pathogen. Infections have been reported to occur in more than one-
third of bleeding cirrhotic patients (66) within 7 d of admission, and are associated with
failure to control bleeding (69), early rebleeding (66), and early death (69). It has been
postulated that infection may impair coagulation, thus facilitating failure to control bleed-
ing and early rebleeding (71,72). Eight trials have evaluated the efficacy of antibiotic
prophylaxis in bleeding cirrhotic patients: two meta-analyses, including 5 (73) and 8
(74) trials, respectively, have shown that antibiotic prophylaxis is effective in preventing
infection and increasing survival. Thus, antibiotic prophylaxis has become an integral
part of the management of bleeding cirrhotic patients (12). When different antibiotic
regimens were compared, no specific regimen showed a superiority over other regimens
in preventing infection or improving survival (74).

Management of Failures of First-Line Treatments
Even in the best situation, the current therapies fail to control bleeding or to prevent

early rebleeding in about 8–12% of patients, who should be treated by alternative means.
In principle, emergency shunt surgery and the transjugular intrahepatic porto-systemic
stent shunt (TIPS) appear as appropriate therapies; however, since the majority of these
patients have severe liver insufficiency (Child–Pugh class C), TIPS is probably the best
option. To date, TIPS has been used as a salvage treatment in patients failing first-line ther-
apy in 15 studies (75), including 509 patients, 64% of whom were Child–Pugh class C.
Overall, immediate control of bleeding was achieved in 94% of patients (range 75–100%);
10 studies give figures for rebleeding, with a mean of 11.4% (range 6–27%) at 7–30 d,
whereas 30 d mortality was 31.9% (range 15–75%). Although none of the studies is a ran-
domized trial, and only one is a retrospective comparison with an alternative surgical ther-
apy (76), these results strongly suggest that emergency TIPS is a valid salvage procedure
for patients failing first-line endoscopic and pharmacologic treatment (12).

In conclusion, the management of acute bleeding should include a careful assessment
of the patient, to evaluate both the severity of the bleeding and of the underlying cirrho-
sis. Resuscitation should include measures to avoid aspiration, monitoring of blood gases
and pulse oximetry; transfusions should be made cautiously to avoid overshoot in portal
pressure; antibiotic prophylaxis and treatment with vasoactive drugs should be started
early, and the latter should be continued for up to 5 d. Endoscopy should be done as soon
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as the patient can tolerate it; either sclerotherapy or band ligation can be used as hemo-
static treatments. The value of increasing the dose of vasoactive drugs in active bleeders
and of adding rFVIIa in Child–Pugh B and C patients needs further evaluation in appro-
priately designed trials. For patients failing combined vasoactive and endoscopic ther-
apy, emergency TIPS appears to be an effective salvage therapy; surgical shunts may be
indicated in good risk patients, whereas the feasibility of liver transplant should be con-
sidered for patients with severe liver failure (12). Figure 6 shows an algorithm for the man-
agement of acute variceal bleeding based on the above recommendations.

SECONDARY PROPHYLAXIS OF PORTAL HYPERTENSION
If left untreated, patients surviving a variceal hemorrhage have median risks of rebleed-

ing and of death of 63% and 33%, respectively, (9). Given these figures, the current recom-
mendation is to treat all patients to prevent rebleeding (46). In principle, rebleeding could
be prevented by surgical shunts, drugs, endoscopy, and TIPS.

Total shunts have largely been used in the 1960s and 1970s, but have subsequently
been almost abandoned because they do not increase survival in comparison to conserva-
tive treatment (77). The distal splenorenal shunt (DSRS) has been compared with sclero-
therapy in four trials. Meta-analysis of these studies (78) showed that the DSRS signif-
icantly reduces the incidence of rebleeding and only slightly increases the occurrence
of chronic encephalopathy, but does not improve survival. The small diameter prosthetic
H-graft portacaval shunt has been compared with TIPS in a large randomized controlled
trial (79), showing a significant decrease of rebleeding and a better cost-effectiveness
ratio (80) in patients undergoing the surgical procedure. In spite of these results, surgical
shunt are rarely performed nowadays, and the majority of patients is treated with drugs
or by endoscopy.

β-blockers are more effective than placebo in preventing rebleeding and death (13)
[average rebleeding rate: placebo: 63%, β-blockers 42%, relative risk reduction 33%,

Fig. 6. Algorithm for treatment of acute variceal bleeding in cirrhosis. Dotted arrows with question
marks denote steps that need to be verified.
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absolute risk reduction 21% (95% confidence intervals −30% to −13%) NNT = 4.76;
mortality: placebo 27%; β-blockers 20%; relative risk reduction 26%; absolute risk
reduction 7% (95% confidence interval −12% to −2%); NNT 14.2]. Endoscopic sclero-
therapy is also more effective than conservative treatment (10) [rebleeding: conservative
treatment: 57%, sclerotherapy: 43%, relative risk reduction 25%, absolute risk reduction
14% (95% confidence intervals −22% to −7%); NNT = 7.14; mortality: conservative treat-
ment 54%, sclerotherapy: 44%, relative risk reduction 19%, absolute risk reduction 10%
[95% confidence intervals −18% to −2%), NNT 10]. Comparisons between β-blockers
and sclerotherapy have shown a slight advantage for sclerotherapy in preventing rebleed-
ing, with no difference in mortality; however, because there is a marked heterogeneity
among trials, this result should be interpreted with caution (10). The same applies for
studies comparing sclerotherapy alone with sclerotherapy + β-blockers (10).

With the advent of banding ligation, thirteen studies have been performed comparing
ligation with sclerotherapy. Meta-analysis of these trials (10) shows that band ligation
is significantly more effective than sclerotherapy in preventing rebleeding [banding
22%, sclerotherapy 35%, relative risk reduction 37%, absolute risk reduction 13% (95%
confidence intervals −18% to −6%), NNT = 8], whereas there is no difference in mortal-
ity (22% vs 25%). As a consequence, band ligation is now the recommended endoscopic
therapy to prevent variceal rebleeding (12). Recently, a medical regimen of β-blockers
+ isosorbide-5-mononitrate has been compared with sclerotherapy in one trial (81) and
with band ligation in 3 (82–84). The combined medical treatment was superior to sclero-
therapy in preventing rebleeding, with no difference in mortality (81), although the three
trials in which band ligation was used gave conflicting results: the medical regimen was
significantly better than banding in preventing rebleeding in one (82), significantly worse
in the second (83), whereas the third showed no difference between treatments (84)
(Table 2). None of the trials showed a difference in mortality. Meta-analysis of these
studies shows no difference between treatments in preventing rebleeding [medical treat-
ment: 37.5%, banding 40%, relative risk reduction 6.25%, absolute risk reduction 2.5%
(95% confidence intervals −23% to + 3%), NNT = 40] and death [medical treatment: 26%,
banding 34%, relative risk reduction 24%, absolute risk reduction 8% (95% confidence
intervals −1% to + 17%), NNT = 12.5] (Table 2). However, this conclusion should be inter-
preted with caution, since the number of patients included in the trials is relatively small.
Therefore, the question whether medical treatment with β-blockers + isosorbide mono-
nitrate is better than band ligation or vice-versa is still open. A single trial (85) compared
a combination of band ligation, beta blockers and sucralfate with band ligation alone,
showing that the combined therapy was better than ligation alone in preventing rebleed-
ing and variceal recurrence. These data need confirmation.

In 11 studies, TIPS has been compared with endoscopic therapy for the prevention of
variceal rebleeding. Two meta-analyses (86,87) have come to identical results, i.e., that
TIPS significantly reduces rebleeding as compared to endoscopic therapy (19 vs 47%,
p < 0.001), but significantly increases encephalopathy (34 vs 19%, p < 0.001), although
there is no difference in survival. Recently, two cost-effectiveness analyses comparing
TIPS and endoscopic therapy have been made (88,89). The first one (88), based on true
patients data, shows that TIPS is not cost-saving in comparison with sclerotherapy; the
second one, (89) based on theoretical scenarios, suggests that TIPS may be cost-effective
compared to endoscopic therapy in the short term. At any rate, TIPS is not considered a
first-line therapy to prevent rebleeding (12); conceivably, TIPS can be viewed as a salvage
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treatment in patients who continue to rebleed despite pharmacologic or endoscopic treat-
ment. In this setting, small diameter H-graft portacaval shunt could also be considered
for patients who are good surgical risks. For patients with advanced cirrhosis, the feasi-
bility of liver transplantation should also be considered (12).

In conclusion, all patients surviving an episode of variceal bleeding should enter a
therapeutic program to prevent rebleeding. β-blockers (with or without nitrates) and endo-
scopic band ligation (with or without β-blockers) are the first-line treatment options.
Patients who continue to rebleed should be treated with TIPS. Depending on local re-
sources, in good surgical risks, a small-diameter H-graft portacaval shunt can also be done,
although poor risk patients should be considered for liver transplantation (12). Figure 7
shows an algorithm for prevention of variceal rebleeding.

Table 2
Randomized Controlled Trials Comparing Band Ligation

with β-Blockers + Isosorbide Mononitrate in the Prevention of Variceal Rebleeding

% %
Author Treatment No. Pts. Rebleeding Mortality

Villanueva Banding/Nadolol + 72/72 49/33 42/32
isosorbide mononitrate

Lo Banding/ Nadolol + 60/61 20/43 25/13
isosorbide mononitrate

Patch Banding/ Propranolol + 51/51 53/37 33/33
isosorbide mononitrate

Pooled data 183/184
P.O.R. 1.13 1.46

(95% C.I.) (0.74–1.72) (0.93–2.29)

Fig. 7. Algorithm for the prevention of variceal rebleeding in cirrhosis.
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INTRODUCTION

Portal hypertension is responsible for the major complications of cirrhosis including
the development of ascites, variceal hemorrhage, portal systemic encephalopathy, and
the hepatorenal syndrome. Until the late 1970s, surgically created shunts were the pri-
mary treatment for the complications of portal hypertension. Although shunts success-
fully lowered portal pressure, they were complicated by progressive liver failure, hepatic
encephalopathy, and, in the case of primary prophylaxis, an increase in mortality com-
pared to supportive medical treatment (1). Endoscopic sclerotherapy was popularized
in the 1970s and 1980s as the primary medical therapy for the control of initial variceal
hemorrhage and the prevention of recurrent hemorrhage. Sclerotherapy for primary pro-
phylaxis was extensively studied in randomized controlled trials (RCT) but two very well
designed RCTs had to be terminated by the external monitoring committees because of
a higher mortality in patients treated with sclerotherapy when compared to a medical con-
trol group (2). Most recently, sclerotherapy has essentially been replaced by endoscopic
variceal ligation. However, endoscopic therapy does not alter portal pressure and is inef-
fective for nonesophageal variceal hemorrhage and portal hypertensive gastropathy.

Pharmacologic therapy for the treatment of active variceal hemorrhage was introduced
in 1956 by Kehne et al. when they reported on the use of surgical pituitrin for the control
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of acute variceal hemorrhage (3). The first controlled trial supporting the use of posterior
pituitary extract was reported by Merigan et al. in 1962 (4). Although several RCTs
evaluating vasopressin, given both intravenously, by bolus, and by selective intraarterial
infusion followed, the modern era of pharmacologic therapy was introduced in 1980 by
Lebrec et al. when he described the use of propranolol, a nonselective β adrenergic blocker,
for the treatment of portal hypertension in patients with cirrhosis (5). This was followed
in 1981 by the publication of the first randomized controlled trial demonstrating the effi-
cacy of propranolol for the prevention of recurrent variceal hemorrhage (6).

Rational for Pharmacologic Therapy
Portal hypertension is defined as an increase in the portal venous pressure gradient

(>6 mmHg) and is a function of portal venous blood flow and hepatic and portocollateral
resistance (Ohm’s law). In patients with cirrhosis there is a hyperdynamic circulation
induced by significant peripheral vasodilation, with nitric oxide acting as the primary
mediator. Also contributing are increased circulating levels of glucagon, prostaglandins,
TNF α, and other cytokines. Both fixed and dynamic factors contribute to the increase in
intrahepatic resistance. The early fixed changes include sinusoidal encroachment (i.e.,
enlarged hepatocytes) and collagen deposition in the presinusoidal region or space of
Disse. Later changes include pruning of the vascular tree and development of regener-
ating nodules causing further obstruction. The dynamic component is governed by an
increased endogenous production of endothelin, a potent vasoconstrictor and a decreased
intrahepatic production of the vasodilator, NO. The goal of pharmacologic therapy is to
decrease either portal venous blood flow by drugs producing splanchnic vasoconstric-
tion or to decrease intrahepatic and portocollateral resistance by drugs inducing intra-
hepatic vasodilatation. Although a number of pharmacologic agents have been shown
to lower portal pressure by either of these above mechanisms in animal models, most
have not been well tolerated when given to patients with cirrhosis. Systemic hypotension
has been a major drawback to the clinical use of many otherwise promising agents. There-
fore, we are confining the discussion to agents that have been shown to be clinically effec-
tive and tolerable, based on results of randomized controlled trials.

Agents Producing Vasoconstriction:
Nonselective β Adrenergic Blockers (Propranolol, Nadolol, Timolol)

Nonselective β blockers act by decreasing cardiac output via blockade of β1 cardiac
receptors and by producing splanchnic vasoconstriction caused by a blockade of β2 recep-
tors, leaving unopposed α adrenergic activity. In a study comparing propranolol with the
cardioselective agent, atenolol, propranolol produced a 50% greater reduction in portal
venous pressure in spite of a similar reduction in cardiac output, thus clearly demonstrat-
ing the importance of the β2 effect (7). However, the decrease in portal pressure pro-
duced by β blockers may be offset by an increase in portocollateral resistance (8,9). The
variable effect produced by β blockers on portocollateral resistance may account for the
failure of some patients with cirrhosis to achieve a reduction in portal pressure despite
being adequately β-blocked (10). In a study where the dose of propranolol was determined
by the usual standards of a reduction in resting heart rate of 25%, a reduction to 55 BPM,
or a systolic blood pressure below 80, only 37% of patients with cirrhosis achieved a > 20%
decrease in HVPG, a target reduction for the prevention of recurrent variceal hemorrhage
(11). The addition of a long acting nitrate, isosorbide-5-mononitrate, has been shown to
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ameliorate the increased resistance to portal blood flow in most patients, thus converting
hemodynamic nonresponders to β blockers to responders with a reduction in HVPG (10,12).

Although the three nonselective β blockers have not been compared directly in clini-
cal trials, there are some theoretical differences. Nadolol is longer acting than propra-
nolol, is not metabolized by the liver, is not lipophilic, and penetrates the blood–brain
barrier to a lesser extent (13). In the randomized trials for prevention of initial variceal
bleeding, there are fewer reported significant side effects of treatment in patients receiv-
ing nadolol compared to those receiving propranolol (14). Timolol probably has a greater
hemodynamic effect in patients with cirrhosis because of its enhanced β2 effect, further
decreasing splanchnic blood flow.

Approximately 15–20% of patients have contraindications to the use of nonselective
β blockers, including congestive heart failure, asthma, heart block, bradycardia, severe
chronic obstructive pulmonary disease, significant peripheral vascular disease, and, to
a lesser extent, insulin-dependent diabetes mellitus and a history of bronchospasm. In
addition, 10–20% of patients with cirrhosis who participated in RCTs of β blocker therapy
had to be withdrawn because of severe side effects. Side effects have included depres-
sion, development of congestive heart failure, symptomatic bradycardia, worsening of
COPD, and generalized asthenia. Although there was some initial concern about develop-
ment of hepatic encephalopathy or the hepatorenal syndrome, this concern has not been
borne out in numerous RCTs testing these drugs. Also, a rebound effect with possible
variceal hemorrhage after sudden cessation of treatment has been a very infrequent clin-
ical occurrence (15).

The standard method for determining the dose of a nonselective β blocker has been bor-
rowed from the cardiologists and includes a reduction in resting heart rate of 25%, a
reduction in heart rate not to exceed 55 BPM or the development of symptoms. Unfortu-
nately, there is no correlation between β blockade as determined by these clinical param-
eters and a reduction in portal pressure as determined by measurements of HPVG (16).
Measuring the hemodynamic response to a β blocker is the best way to determine a phar-
macologic effect on portal hypertension (10–12,16,17).

Vasopressin
Vasopressin, a posterior pituitary hormone, has been used for the treatment of acute

variceal hemorrhage for 40 yr. It is a potent vasoconstrictor producing a marked reduc-
tion in splanchnic blood flow. After an intravenous infusion of vasopressin, Bosch et al.
demonstrated a fall in the HVPG pressure gradient of 23% and a decrease in the intravari-
ceal pressure measured directly of 14% (18). The relatively lower effect on intravariceal
pressure suggests less of an effect on the transmural pressure gradient, a key determinant
of variceal wall tension that predicts the risk of variceal hemorrhage. Tsai et al. found
a diminished reduction in HVPG in patients with active variceal hemorrhage, especially
in patients in shock, when compared to stable control patients (19). This decreased hemo-
dynamic efficacy of vasopressin may be caused by the splanchnic vasoconstriction already
present during active bleeding and is supported by animal studies which show that vaso-
pressin has little effect on portal hemodynamics during severe hypotensive bleeding (20).
Because of its systemic vasoconstrictive and ADH effects, use of vasopressin has been
associated with significant complications including myocardial and peripheral vascular
ischemia, bradycardia, hypertension, hyponatremia, and fluid retention. The addition of
nitroglycerin, given either intravenously, sublingually, or by transdermal patch has been
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shown to ameliorate many of the side effects of vasopressin and improve the portal hemo-
dynamic response to the drug (21,22).

Terlipressin
Terlipressin, or triglycyl-vasopressin, is an analog of vasopressin that, in vivo, is slowly

activated by cleavage of the N-terminal glycyl residue, to lysine vasopressin. Because
of the slow release with a longer half-life of the drug, blood levels are lower, tissue pene-
tration is higher, and clinical trials have documented fewer side effects when compared
to vasopressin. A single intravenous injection of 2 mg of terlepressin produced a 21%
decrease in HVPG and a 25% reduction in azygous blood flow, a reduction that lasted for
up to 4 h (23). Direct measurements of variceal pressure after a 2 mg intravenous (iv) bolus
showed a 21% decrease in the intravariceal pressure at 1 h, compared to a 14% decrease
in the HVPG during the same time period (24).

Somatostatin
Somatostatin is a biologically active peptide found naturally in many tissues including

the brain, pancreas, upper gut, and enteric neurons (25). Intravenous infusion of somato-
statin reduces hepatic blood flow and portal pressure in patients with cirrhosis without
altering the systemic circulation (26). Because of its short half-life of 2 min, it has to be
given by continuous infusion. Clinical trials have shown variable results in the reduction
of portal pressure with, at best, half the effect of vasopressin (26–28). Studies in portal
hypertensive rats failed to show a direct effect of somatostatin on smooth muscle tone, sug-
gesting that the vasoconstriction produced may be mediated by inhibition of circulating
vasodilatory substances such as glucagon (29,30). Bolus injections of somatostatin appear
to produce a greater reduction of portal pressure than obtained by continuous infusion (31).
Although, in clinical trials, somatostatin is safe with very few reported side effects, iv infu-
sion of somatostatin has been shown to induce renal vasoconstriction with impairment in
glomerular filtration, free water clearance, and sodium excretion in patients with cirrhosis
and ascites (32).

Somatostatin Analogs (Octreotide, Lanreotide, Vapreotide)
Octreotide is a synthetic long-acting somatostatin analog with a half-life of 1.5 h. It

is more potent than naturally occurring somatostatin in its inhibition of glucagon and
growth hormone (33). Octreotide has an affinity for somatostatin receptors 2 and 5. Its
reported effects on lowering portal pressure have been variable with a majority of studies
reporting little to no effect (34). This may be explained by the development of tachyphy-
laxis after repeated bolus injections, negating an initial reduction in portal pressure and
azygous blood flow (35). Octreotide, like somatostatin, may act through inhibition of glu-
cagon and other intestinal hormones. It may also have an indirect role in producing a local
vasoconstrictive effect on vascular smooth muscle of the superior mesenteric artery via
interaction with other vasoconstrictors involving activation of protein kinase C (36). How-
ever, the primary mechanism for the control of variceal hemorrhage in patients with cir-
rhosis may be through inhibition of postprandial hyperemia (37,38). Lanreotide and vapre-
otide are additional long-acting analogs of somatostatin with pharmacologic properties
similar to octreotide. Long-acting preparations of both octreotide and lanreotide are cur-
rently being assessed in the treatment of portal hypertension.
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Agents Producing Vasodilitation
Both short-acting nitroglycerin and the longer-acting preparations, isosorbide-5-mono-

nitrate and isosorbide dinitrate, produce vasodilitation by acting as NO donors. Adminis-
tration of sublingual nitroglycerin in patients with cirrhosis has been shown to lower the
HVPG within 2–12 min of administration (39). Two theories have been postulated for
the mechanism of action, a reduction in portal blood flow, or development of portocollat-
eral vasodilation. The relative role of these mechanisms may vary and may account for the
variable effect on azygous blood flow (39). Isososorbide-5-mononitrate is the long-acting
nitrate of choice in patients with cirrhosis because of minimal first pass metabolism (40).
Navasa et al. demonstrated an 18% reduction in the HVPG after a 40-mg dose of isosor-
bide-5-mononitrate which was maintained over the 2-h observation period, but was asso-
ciated with a 19% decrease in arterial pressure (41). Long-term administration of isosor-
bide-5-mononitrate produced a significant reduction in HVGP with no change in azygous
or portal blood flow, confirming the major mechanism involved is a reduction in hepa-
tic and portocollateral resistance (42). Isosorbide-5-mononitrate has also been shown to
reduce variceal pressure as measured directly (43). The addition of isosorbide-5-mono-
nitrate to propranolol has been shown to decrease hepatic and portocollateral resistance
induced by the nonselective β blockers (10,12).

Diuretics
Continuous administration of spironolactone plus a low sodium diet produces a modest

reduction in HVPG in patients with compensated cirrhosis (44). These changes correlated
with a reduction in plasma volume. Patients with compensated cirrhosis who were given
spironolactone 100 mg per d over a 6-wk period had a significant reduction in variceal pres-
sure as measured by an endoscopically placed pressure gage (45). This change was asso-
ciated with a reduction in plasma volume, α natriuretic peptide and plasma renin activity.

PREPRIMARY PROPHYLAXIS

Animal studies have demonstrated that pretreatment with propranolol inhibits the
development of portal–systemic shunting in a chronic murine schistosomiasis model of
portal hypertension (46). Pretreatment with propranolol reduced the severity of portal
hypertension and portal–systemic shunts in portal-vein-ligated rats (47). These observa-
tions, in addition to the success achieved with the use of nonselective β adrenergic blockers
in RCTs for the prevention of initial and recurrent variceal hemorrhage, have stimulated
investigation of very early administration of nonselective β adrenergic blockers to patients
with compensated cirrhosis but no evidence of varices or ascites, in an attempt to prevent
the development of these complications of portal hypertension.

Preliminary results of a four center, 10-yr randomized, placebo-controlled, double-
blind study failed to demonstrated that early treatment with a nonselective β blocker pre-
vented the development of esophageal varices, ascites, or the time to development of these
complications (48). In this study, 213 patients with biopsy-proven cirrhosis but no evi-
dence of varices by endoscopy and an HVPG > 6 mmHg were randomly assigned to treat-
ment with timolol or a placebo, the dosage determined by a 25% reduction in resting heart
rate from baseline, a heart rate to 55 BPM or a maximum dose of 80 mg per d. Yearly follow-
up with endoscopy and portal hemodynamic measurements was performed, with the pri-
mary end point, the development of esophageal varices as confirmed by two independent
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observers. The median follow up was 4.2 yr. Although 78 patients developed varices and
six patients presented with a variceal bleed, there was no difference based on treatment
assignment. No differences were found, based on treatment, in development of ascites,
hepatic encephalopathy, mortality, or need for liver transplantation. There were, how-
ever, more serious adverse events in the group of patients receiving timolol. An HVPG
> 10 mmHg was predictive of development of the primary and secondary end points.

In a double-blind, placebo-controlled, randomized trial, Cales et al. found that propra-
nolol did not prevent development of varices nor the progression from small to large
varices in patients with cirrhosis (49). Patients were randomly assigned to a longer acting
propranolol (160 mg per d) or a placebo, and the study included both patients with no
varices at entry and patients with small varices. At 2 yr, 31% of patients in the proprano-
lol group had large varices compared to 14% in the placebo group (p < 0.05).

In a single-blind, randomized-controlled trial evaluating progression from small to
large varices, patients were randomly assigned to nadolol or placebo with endoscopic
evaluation at 12-mo intervals (50). After a mean follow-up of 36 mo, 11% of patients
receiving nadolol had progressed to large varices compared to 37% receiving a placebo
(p < 0.01). There was no significant difference in variceal hemorrhage or mortality between
the groups. The authors concluded that nadolol prevented the progression from small
to medium or large esophageal varices and suggested that preprimary prophylaxis be
considered.

 These studies differ in patient selection, design, and evaluation of the primary end
points. The trial by Groszmann et al. (48) included only patients with no varices, the adjust-
ment of the dose of timololol was blinded, and the primary end point was confirmed by
two independent observers. The trial by Cales et al. (49) included both patients with no
and small varices, the patients received a standard dose of propranolol and one-third of the
patients were lost to follow-up. In the trial by Merkel et al. (50), the inclusion criterion
was the presence of small varices and the adjustment of the nadolol dose was not blinded.
Two of the three studies have yet to reach full publication. At this time, preprimary pro-
phylaxis with nonselective β blockers cannot be recommended.

PREVENTION OF FIRST VARICEAL HEMORRHAGE

In a prospective study of 321 patients with cirrhosis, esophageal varices, and no prior
variceal bleeding, 85 patients (26.5%) bled from varices during a median follow-up of
23 mo, with the majority of patients experiencing the bleeding episode within the first
year after the diagnosis of varices (51). An additional prospective study showed 2-yr
bleeding incidence of 30% in patients with medium to large varices and 10% in patients
with small varices (52). The mortality for each bleeding episode ranges from 15% to
20%, depending on the Child–Pugh status and the severity of the bleeding episode (53).
Therefore, therapy to prevent the initial episode of variceal hemorrhage is highly desir-
able and has been recommended in practice guidelines (54).

Based on the results of 11 well-designed, randomized, controlled trials, nonselective
β adrenergic blockers have become the established first line therapy (55,56) (Figs. 1 and
2). Nine of these trials used propranolol and two, nadolol, with a total of 1189 patients
entered. A meta-analysis of these trials shows a reduction in bleeding rate from 24% in the
treatment group to 15% in the control group (p < 0.01) (55) (Tables 1 and 2). If one study
that was an outlier is excluded, the absolute risk difference was 10% and the number
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needed to treat (NNT) to prevent one episode of variceal hemorrhage was 10. Six of these
trials included only patients with medium to large varices. Analysis of these trials shows
a reduction in the risk of bleeding from 24% to 8% with an NNT of 6 (55). In patients with
ascites, the NNT was 11. Although there is a trend toward improved survival, it does not
reach statistical significance (Fig. 2). Only three trials included patients with small varices
and the sample size is too small for meaningful analysis. As there are very few Child–
Pugh class C patients entered in these trials, treatment should be confined to Child–Pugh
class A and B patients (57). Therefore, selection criteria for treatment should include
patients with medium to large varices who are deemed compliant in taking medication

Fig. 1. Randomized controlled trials of β-blockers vs placebo for the prevention of initial bleed-all
sites. The odds ratio for the group is 0.55; 95% confidence interval 0.41–0.74 (p < 0.0001).

Fig. 2. Randomized controlled trials of β-blockers vs placebo for mortality. The odds ratio for the
group is 0.82; 95% confidence interval 0.63–1.07 (p < NS).
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and without contraindications to the use of β blockers. Treatment should be continued
indefinitely as discontinuation of treatment results in a return to pretreatment risk for
variceal bleeding (58).

Are there alternative pharmacological agents for patients who have contraindications
to or are unable to tolerate nonselective β adrenergic blockers? In an RCT comparing
isosorbide-5-mononitrate (ISMN) to propranolol for the prevention of first variceal hemor-
rhage, Angelico initially reported that the drug had similar efficacy for the prevention
of initial variceal hemorrhage with no difference in survival or side effects (59). However,
a longer follow-up, extending over 7 yr, showed an increase in mortality in patients tak-
ing ISMN who were older than 50 yr of age (60). A meta-analysis of three trials com-
paring propranolol or nadolol with ISMN comprising 271 patients demonstrated a 28%
incidence of variceal hemorrhage in patients receiving ISMN compared to 17% in patients
on a nonselective β blocker (p < 0.05) (60–62). In a multicenter, double-blind RTC
comparing ISMN to a placebo in patients with cirrhosis who either had contraindications
to β blocker therapy or had to be withdrawn from treatment because of side effects, the
actuarial probability of bleeding at 2 yr was 29% in the patients on ISMN compared to
14% in those on placebo (p = 0.56) (63). Therefore, ISMN as monotherapy cannot be rec-
ommended as an alternative to nonselective β blockers.

As has been detailed previously in this chapter, long-acting nitrates can increase the
portal hemodynamic response to nonselective β blockers. This prompted Merkel et al.
to compare the combination of nadolol and ISMN to nadolol alone for the prevention of
first variceal hemorrhage (64). Combination therapy resulted in a reduction in the risk
of first variceal hemorrhage with a slightly higher incidence of side effects and no sur-
vival advantage. A second trial by the Spanish Variceal Bleeding Study Group enrolled
347 cirrhotic patients who were randomized to receive propranolol plus ISMN vs propra-
nolol plus placebo (65). There were no significant differences in the 1- and 2-yr actuarial
probability of variceal bleeding, new onset or worsening of ascites, impairment of renal
function, or survival. Headache was a more frequent complication in the combination
therapy group. In conclusion, combination therapy, although safe, does not offer a signif-
icant advantage over monotherapy and should not be considered as first line therapy.

Spironolactone may have a synergestic effect for the reduction of portal pressure when
combined with a nonselective β blocker. In a randomized controlled trial, nadolol plus
spironolactone was compared with nadolol plus placebo for the prevention of first vari-

Table 1
Prevention of EVH-Efficacy of β-Blockers Subgroup Analysis

Bleeding rate Mortality NNT
No RCTs No Pts C/T C/T (%) C/T (%)

All RCTs 11 600/590 24/15 27/23
Colman omitted 10 575/567 25/15 10
Large or Medium EV 8 411/400 30/14 30/28 6

• without ascites 4 146/134 25/12 NR 8
• with ascites 4 156/149 31/22 NR 11

Small Varices 3 100/91 7/2 NR

From ref. 55.
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ceal hemorrhage in cirrhotic patients with medium to large varices and no ascites (66).
Cumulative probabilities of remaining free of bleeding and ascites were similar for both
groups with no difference in survival. However, clinically significant ascites was higher
in the group taking nadolol plus placebo, suggesting that combination therapy may be
beneficial for this subgroup.

Assessing the hemodynamic response to pharmacologic therapy is predictive of out-
come. In a randomized double-blind placebo-controlled trial, Groszmann et al. demon-
strated a reduction in the HVPG to <12 mmHg was associated with an absence of variceal
hemorrhage (67). Merkel et al. defined a response to pharmacologic therapy as reduction
in the HVPG of >20% or a reduction to <12 mmHg (68). They found a significant reduc-
tion in the incidence of bleeding in the responders when compared to the nonresponders
and confirmed the absence of variceal bleeding in patients with an HVPG < 12mmHg.
Using a Markov decision model, Imperiale et al. found that measuing the hemodynamic
response of pharmacological therapy for the prevention of first variceal hemorrhage
substantially reduced the number of bleeding episodes and was cost-effective or cost-sav-
ing over a wide range of sensitivity analyses (69). For patients who cannot tolerate pharma-
cologic therapy or who may not be good candidates because of severity of liver disease
or noncompliance, esophageal variceal ligation is a good alternative. A detailed discussion
of this is in Chapter 15 by Cello. Variceal ligation and nonselective β blockers have com-
parable efficacy at least over the short term, for the prevention of variceal hemorrhage (70).

A recent decision analysis by Spiegel et al. recommended empiric β blocker therapy
in all compensated cirrhotics as the most cost effective approach to management (71).
We have significant concerns about this approach as it does not take into account the side
effects of treatment. This approach needs to be evaluated in a prospective manner before
any consideration of its adoption.

TREATMENT OF ACUTE VARICEAL HEMORRHAGE

The pharmacologic management of acute variceal bleeding began more than 40 yr ago
when the vasoconstrictor, vasopressin, was used (72). Since then, there have been 10 RCTs
performed with the drug, four of which included a placebo arm with a total of 157 patients
(72). In those trials, vasopressin decreased the failure rate of therapy from 82% to 50%,
but had no direct effect on mortality, a recurrent theme in the pharmacologic management
of variceal bleeding (55). However, unlike the newer compounds, treatment with vaso-
pressin resulted in frequent side effects that mandated cessation of therapy in 25% of the
treated patients, and, more troubling, resulted in three treatment-related deaths (55). The
most serious of the side effects of vasopressin therapy stem from its systemic vasocon-
strictive properties, and include cardiac arrythmias, myocardial infarction, and ischemia
of the mesenteric and cerebral vessels. Nitroglycerin has been added to vasopressin to
both combat the dangerous cardiac vasoconstriction and augment the decrease in portal
venous pressure with moderate effect. The combination has been tested against isolated
vasopressin in three RCT with a total of 146 subjects with improvement in the ability to
control bleeding but no difference in mortality (55). Currently, isolated use of vaso-
pression cannot be recommended given its high rate of potentially detrimental effects,
and combination therapy with nitroglycerin should only be undertaken with great caution.

Terlipressin, a synthetic analogue of vasopression, has both an intrinsic effect as well
as the effect of vasporessin after enzymatic cleavage of its triglycyl residues. This per-
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mits regular rather than continuous dosing without changing biological half-life. Terli-
pressin has been evaluated in seven placebo-controlled trials including 443 patients (73).
A meta-analysis of the seven trials demonstrated a significant reduction in the ability to
control bleeding (RR 0.66, 95% CI 0.53–0.82), and, unique among vasoconstrictive agents,
a significant reduction in mortality (RR 0.66, 95% CI 0.49–0.88) (55,73). In trials using
terlipressin or placebo as adjunct to sclerotherapy, although the benefit of terlipressin
was decreased overall, its use was still associated with beneficial effects that were sta-
tistically significant (reduction in failure of hemostasis) or approached statistical signif-
icance (mortality) (74). Terlipressin has been compared in one trial of 219 subjects to
endoscopic therapy, and showed no significant difference in control of hemorrhage, recur-
rent hemorrhage, mortality, or transfusion requirement (75). Overall, terlipressin is an effec-
tive vasoconstrictive agent with equal efficacy to both sclerotherapy and vasopressin in
the acute management of variceal hemorrhage, with fewer side effects than even the vaso-
pressin/nitroglycerin combination. Terlipressin is currently one of the most widely used
first line agents for control of acute variceal hemorrhage in Europe, but is unavailable for
clinical use in the United States.

Somatostatin reduces splanchnic blood flow, portal pressure, and azygous blood flow
in cirrhotic patients, and is therefore well suited as an agent for management of acute
variceal bleeding. Bolus injections of somatastatin have more pronounced effects than
continuous infusion (31), and should be used as the initial mode of delivery in standard
doses of 250 µg, although two studies showed a higher rate of bleeding control, fewer
transfusions, and better survival with doses of 500 µg (76,77). There have been three
double-blind, randomized-controlled trials comparing somatostatin to placebo and four
trials comparing somatostatin with nonactive treatment, including a total of 552 subjects
(55). The results of these trials are mixed, with two of the placebo trials showing no benefit,
and the remaining showing a trend toward benefit. Whereas a meta-analysis demonstrated
significant decrease in failure to control bleeding, there was no significant decrease in mor-
tality and the benefit was less than that seen with terlipressin (54). There have been seven
head-to-head trials comparing somatostatin with vasopressin, the pooled results of which
demonstrate equal efficacy with significantly fewer side effects in the group receiving
somatostatin (55), although only two of the studies used vasopressin in combination with
nitroglycerin. There have been three studies comparing somatostatin to terlipressin includ-
ing a total of 302 subjects that again demonstrated equal efficacy and side effects (55).

Somatostatin has also been shown to have equal efficacy to emergency sclerotherapy
in three trials with significantly fewer side effects. In all studies involving somatostatin
with sclerotherapy, the use of somatostatin significantly improved visualization of the
bleeding varix and overall bleeding control, a fact borne out in a trial by Villanueva et
al. of 100 bleeding episodes designed to test whether combination therapy (emergency
sclerotherapy plus somatostatin) improved outcome over pharmacologic therapy alone
(78). In this trial, therapeutic failure decreased from 24% to 8% and early rebleeding
decreased from 24% to 7% (both statistically significant decreases) without a concomitant
decrease in mortality. The effect of combined therapy is likely caused by improved visual-
ization of a bleeding varix owing to decreased acute bleeding at the time of endoscopy
secondary to drug effect (only 27% compared to historical controls of 50%). Finally, com-
bination therapy with somatostatin plus isosorbide mononitrate has been tested in a ran-
domized placebo-controlled trial, the results of which demonstrated similar outcomes
but more frequent side effects in subjects in the combination arm, and led the authors to
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recommend against the combination in clinical use (79). Currently, somatostatin is a
first line agent for the treatment of acute variceal bleeding both alone and in combination
with endoscopic therapy in Europe, but is unavailable for clinical use in the United States.

Octreotide is widely used in the acute management of variceal bleeding, although it
has not been approved for this use by the United States FDA. Compared with somatosta-
tin, it has a much longer half-life and can potentially be given subcutaneously. A recent
study demonstrated that bolus octreotide injection, like somatostatin, causes a marked
decrease in portal pressure and azygous blood flow, but that the continuous octreotide
infusion neither maintains nor prolongs the effect (35). Despite these results, octreotide
given as bolus and subsequent continuous infusion has been compared to terlipressin,
vasopressin, somatostatin, and endoscopic therapy in a number of prospective random-
ized-controlled trials, and reported in a recent meta-analysis (80). This meta-analysis
suggests that octreotide is superior to all alternative therapies combined, vasopressin/ter-
lipressin, and placebo (among subjects receiving endoscopic therapy prior to octreotide),
with equal efficacy to immediate sclerotherapy regarding control of bleeding. Although
flawed, the paper underscores data already published in other meta-analyses, namely
that octreotide is equally effective as sclerotherapy and other pharmacologic modalities
for the treatment of acute variceal hemorrhage. Finally, there have been several prospec-
tive randomized controlled trials and one meta-analysis of octreotide and somatastatin
as adjuncts to endoscopic therapy (81,82). Although there was no survival benefit noted
for the use of combined therapy, combination of early administration of octreotide and
endoscopy has a 33% higher rate of 5-d hemostasis, in part related to an increased visual-
ization of the culprit varices.

The newest agent with potential use in acute variceal bleeding is recombinant activated
factor VII. Administration of recombinant factor VII works to augment the initiation of
coagulation and intensify the thrombin effect at the site of injury with limited effect on
the clotting cascade elsewhere. Its applicability in variceal hemorrhage has been dem-
onstrated in two small trials, one of which was a double-blind, placebo-controlled study
(83), although further study is required before the drug can be accepted as standard ther-
apy. Notably, this study demonstrated significant improvement in outcome in patients
with Child’s B and C disease who had uncontrollable bleeding from varices, implying
a possible role in patients with more severe liver disease. There are no demonstrated severe
side effects associated with the drug, but its cost ($3000–$4000/dose) and short half life
(2.3 h in actively bleeding patients) requiring multiple doses in clinical trials will limit
the use of this medication for patients with hemorrhage that can be controlled with standard
pharmacologic/endoscopic therapy (84).

SECONDARY PROPHYLAXIS OF VARICEAL HEMORRHAGE

The risk of rebleeding in patients who survive an episode of variceal hemorrhage is
very high, with a median incidence of 63% within 1–2 yr among controls of RCTs (72),
with a corresponding mortality of 33%. To date, pharmacologic therapy aimed at pre-
venting recurrent bleeding has focused on nonselective β blockers and nitrates, used
alone and in combination, and independently or alongside endoscopic therapy. Because
of the variability in response to these agents, the potential for intolerable side effects, and
inconsistent results among clinical trials, specific drug dosing, and endoscopy schedules
cannot be prescribed with a guarantee that a compliant patient will not have further bleed-
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ing episodes. However, given the relative efficacy of current therapy and the clear risk
of rebleeding in untreated patients, it has been agreed that all patients who survive a vari-
ceal bleed require treatment for prevention of rebleeding (56).

Since their use in prevention of rebleeding was first described in 1980, propanolol and
the other nonselective β blockers have been demonstrated effective therapy for second-
ary prophylaxis. A total of 13 RCTs comparing β blockers with placebo have been reported
in two meta-analyses (55,85) (Figs. 3 and 4). In both analyses, β blockers effectively
decreased variceal rebleeding with a number needed to treat of 5, and mortality from 27%
to 20%, with an associated decreased mortality from bleeding from 24% to 16% (Table 2).

Fig. 3. Randomized controlled trials of β-blockers vs placebo/nonactive treatment for the prevention
of rebleeding. The odds ratio for the group is 0.56; 95% confidence interval 0.31–0.42 (p < 0.0001).

Fig. 4. Randomized controlled trials of β-blockers vs placebo/nonactive treatment for mortality.
The odds ratio for the group is 0.91; 95% confidence interval 0.46–0.65 (p = 0.0177).
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There was a 17% adverse event rate among those trials reporting adverse events, with a
concomitant dose reduction or discontinuation of the drug in 6% or subjects. These drugs
are therefore effective single agents for secondary prophylaxis of variceal bleeding, and
form the cornerstone of therapy for patients who have experienced a variceal bleed. Unless
contraindicated, they should be started as soon as patients are hemodynamically stable
and titrated to a dose that yields either a 25% reduction in the resting heart rate, a heart
rate of 55, or development of side effects.

β-Blockers have been compared to sclerotherapy in 10 trials, a meta-analysis of which
demonstrates that no significant difference in survival or rebleeding exists between the
two therapies, although β blockers are reported to carry fewer side effects (55,86). In
these studies, the mean percentage of patients free of variceal bleeding was significantly
higher in the patients treated with sclerotherapy (55%) than with β blockers (39%), al-
though because β blockers decrease portal hypertension and therefore decrease all bleed-
ing events including bleeding from gastropathy and gastric varices, overall bleeding
episodes were not significantly different between the two therapies. The increased risk
of side effects and relative ease of administration of the drug led the authors of one of the
meta-analyses to recommend β blockers as the preferred primary therapy for secondary
prophylaxis (86).

Combination β blocker and sclerotherapy has been compared to sclerotherapy alone,
using the logic that direct obliteration of varices will decrease immediate risk of variceal
bleeding, and that pharmacologic therapy will decrease long-term risk by persistently
decompressing the portal system. In several of the trials, β blockers were discontinued
after endoscopic eradication of varices, so that the longer-term value of β blockers on
preventing variceal bleeding from all sites was not assessed. Two meta-analyses have
reported higher rebleeding rates in patients treated with β blockers alone (absolute risk
difference 19%), but no significant difference in mortality (55,87). A similar result eval-
uating esophageal variceal ligation was recently reported by Lo et al. (88), although this
study was unblinded, did not use HVPG as a measurement of therapeutic efficacy and
used sucralfate in the combination arm which may have decreased the rate of complica-
tions in the combined therapy arm (89).

Combined therapy using β-blockers and nitrates has been compared to β-blockers alone
in two trials. The combination was initially described in 1991 by Garcia-Pagan et al., where
the group noted that after 3 mo, the HVPG decreased by more than 20% from baseline

Table 2
Prevention of Recurrent EVH Efficacy of β Blockers

(13 RCTs)

β Blockers Placebo, NT

No. Patients 410 399
Rebleeding 42% 63%
Mortality 20% 27%

NNT Rebleeding 5
Death 14

From ref. 55.
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values in 10% of the subjects taking propanolol alone, compared to 50% in patients
receiving combination therapy. To date, propanolol has been compared to combined
therapy with nitrates in only two trials, one of which has only been reported in abstract
(90,91) with mixed results. In the trial reported in abstract, a significantly higher mor-
tality with combination therapy was reported, although this was not seen in the second trial.
Despite the paucity of head-to-head clinical trials, combination therapy using nitrates has
gained acceptance as therapy for secondary prophylaxis against recurrent variceal bleed-
ing, and has been evaluated as maximal pharmacologic therapy versus endoscopic ther-
apy in several trials.

Endoscopic therapy has been compared with combined therapy with β blockers and
nitrates in three prospective trials (92–94). All trials except one (94) demonstrated that
combined pharmacologic therapy was more effective than endoscopic therapy at pre-
vention of bleeding, although none demonstrated a survival advantage for pharmacologic
therapy. This trial demonstrated an advantage for endoscopic therapy but used much lower
doses of β blocker, had a rebleeding rate similar to the placebo arm of previous trials, and
did not use HVPG as a gauge for therapeutic efficacy in the pharmacologic arm. The paper
by Patch et al. (94) used measurements of HVPG performed at 3 mo after baseline studies
to determine pharmacologic efficacy. As a number of the patients in this study had recur-
rent bleeding before the second measurement of HVPG was obtained, isosorbide-5-mono-
nitrate which as per protocol was given to nonresponders, was never administered to these
patients. As a result, many patients in this study were treated only with β-blocker monother-
apy. Therefore, despite the higher incidence of side effects limiting tolerability, combina-
tion therapy may be a reasonable first line therapy for patients with high risk of rebleeding.

It has been clearly demonstrated that there is no uniform reduction in portal pressure
with the use of β blockers among patients with varices, and that easily measured param-
eters (pulse and blood pressure) are poor surrogates for therapeutic efficacy. The data for
the effectiveness of lowering portal pressure in preventing variceal bleeding are clear:
variceal rebleeding occurs in less than 6% of patients in whom the HVPG can be lowered
below 12, and patients in whom HVPG can be lowered by 20% have improved survival
and a significantly lower risk of developing complications of portal hypertension (95,96).
As is discussed elsewhere in this text, current techniques for measuring portal pressure
are invasive, expensive, and best performed in centers with a significant amount of expe-
rience. Although noninvasive methods are in development, currently, none of these have
shown the reliability and accuracy necessary to supplant measuring the HVPG. Tailored
therapy with a stepwise titration of β-blocker, addition of nitrate, and addition of endos-
copy to achieve the threshold goals is a reasonable approach, although it requires accurate
measurement (97), and reliably tested end points (98) before it will be widely adapted in
clinical practice. This approach needs to be tested in RCTs. For now, because of the rarity
of complications (97) HVPG should be measured and reported in all clinical trials, and
deserves a prominent role in the management of variceal bleeding and pharmacological
dosing in all centers with expertise in its use.

Promising Compounds
A number of pharmacological agents have been shown to lower portal pressure in both

animal models and acute trials in patients with cirrhosis. However, the associated syste-
mic arterial hypotension has precluded their use for long-term treatment. These agents
have been recently reviewed by Bosch and Garcia-Pagan and are listed in Table 3 (99).
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Of these drugs, the two that have drawn the most attention in the last few years are car-
vedilol and losartin.

Carvedilol has the theoretical advantage of combining a nonselective β adrenergic
blocker with an α-1 adrenergic antagonist. In a randomized trial comparing carvedilol
with propranolol in a study in which the HVPG was measured at baseline and after 3 mo
of treatment, carvedilol produced a 19% reduction in the HVPG compared to 12% for
propranolol (p < 0.001) (100). Carvedilol was successful in reaching a hemodynamic
end point (HVPG reduction ⊕20% or ≤12 mmHg) in 54% of cirrhotic patients compared
to 23% for propranolol (p < 0.05). There was a significant reduction in mean arterial
pressure (11%) with carvedilol compared with no significant change in patients receiv-
ing propranolol. There was no difference between the drugs with regards to impairment
of renal function or adverse events requiring discontinuation of therapy. The systemic
arterial hypotension produced by carvedilol may be especially troublesome in patients
with ascites (101). If the effect on systemic arterial pressure can be minimized, carvedilol
has significant potential and needs to be assessed in long-term RCTs.

Losartan, an angiotensin II type 1 receptor blocker, generated significant interest when
Schneider et al. reported a 45% decrease in HVPG after 1 wk of treatment with 25 mg
losartan daily, compared to no change in HVPG in controls (102). They reported a slight
decrease in mean arterial pressure but felt the drug was reasonably well tolerated. How-
ever, a longer trial (6 wk) by Gonzalez-Abraldes et al. (103) failed to demonstrate any
effect of losartan on HVPG but did show a significant systemic arterial hypotensive
effect and a deleterious effect on renal function in patients with more advanced cirrhosis.

Based on the hypothesis that statins might increase NO production in the hepatic micro-
circulation, Zafra et al. (104) evaluated simvastatin in a group of patients with cirrhosis.
Although simvastatin did not alter the HVPG, it did produce a 14% decrease in hepatic
sinusoidal resistance without any effect on systemic hemodynamics. In a separate study,
pretreatment with simvastatin attenuated the postprandial increase in HVPG. If these
effects can be verified in a study over a longer time period, statin drugs may play an impor-
tant role in the treatment of portal hypertension. However, potential adverse effects on
liver function will have to be monitored carefully.

Another potential specific intrahepatic NO donor, NCX-1000, derived from ursode-
oxycholic acid, has been shown to lower portal pressure (105) and to blunt an increase
in portal pressure produced by progressive blood volume expansion (106) in animalmodels

Table 3
Manipulation of Intrahepatic Circulation

Adrenergic Antagonists
Prazosin (α-1 antagonist)
Clonidine (central α-2 agonist)
Carvedilol (α-1 antagonist and nonselective β-blocker)

Blockade of the Renin-Angiotension System
Losartin (angiotension-2 antagonist)

Serotonin antagonists
Ritanserin (selective serotonin-S2 receptor antagonist)
Ketanserin (5-hydroxytryptamine 2-receptor blocker)

Adapted from ref. 99.
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of portal hypertension. Whether this drug will be tolerated in studies in patients with
cirrhosis has yet to be determined (107).

In summary, the most exciting new drugs are those that might be specific NO donors
to the intrahepatic circulation. In combination with a vasoconstrictor, i.e., a nonselective
β adrenergic blocker, the hemodynamic goal of ⊕20% decrease in HVPG or a decrease
in HVPG ≤12 mmHg might be achievable in patients with cirrhosis and portal hyperten-
sion. Like so many other clinical entities, it is likely that a combination of pharmacologic
agents will be required to produce maximum benefits.

CONCLUSION

Over the last 25 yr, use of nonselective β adrenergic blockers has become the first line
therapy for prevention of first variceal hemorrhage and, along with endoscopic variceal
ligation, first line therapy for prevention of recurrent variceal bleeding. However, a hemo-
dynamic response (>20% reduction in HVPG or a reduction to <12 mmHg) is obtained
in only one-third of patients. The addition of a long-acting vasodilator such as isosorbide-
5-mononitrate has been shown to increase the hemodynamic response, with more than
50% of patients achieving a therapeutic end point. Unfortunately, results from RCTs
have yet to establish the clinical superiority of combination pharmacologic therapy for
prevention of first variceal hemorrhage. Use of combination therapy for prevention of
recurrent variceal hemorrhage is more promising but additional studies are needed to
establish clinical efficacy. The use of pharmacologic agents (terlipressin, somatostatin,
octreotide, vapreotide), usually in combination with endoscopic therapy, has become the
standard of care for control of acute variceal hemorrhage.

Unresolved issues include the value of treating patients with small esophageal varices
with β-blockers, the role of portal hemodynamic measurements in the routine care of
patients with esophageal varices, and the indications for the use of combined endoscopic
and pharmacologic therapy. Future research will assess pharmacologic agents that can
either be used as alternatives for patients unable to tolerate nonselective β blockers or as
vasodilatory agents that might enhance the efficacy of nonselective β blockers. Currently,
the most promising new agents are those that are selective NO donors for the intrahepatic
circulation.
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INTRODUCTION

John Brown, Royal Physician at Saint Thomas Hospital in London, was the first clin-
ician to describe the gross appearance of the liver in a patient with cirrhosis, portal hyper-
tension, and ascites. He noted marked ascites in his patient, a soldier of the King’s Guard.
Following multiple unsuccessful paracenteses, the solider expired. At autopsy, a nodular
liver was observed by Dr. Brown. It was left, however, to Rene Laennec to first use the term
“cirrhosis” to describe a shrunken tawny-colored liver with a nodular granular consistency.

Esophageal variceal hemorrhage is a significant cause of morbidity and mortality around
the world. Among patients admitted to acute-care urban hospitals or medical centers,
variceal hemorrhage is documented in 10–20% of patients admitted with significant
upper gastrointestinal tract bleeding. Patients with hemorrhage from esophageal varices
still have substantial mortality despite the dramatic recent advances in care. In one of the
earliest studies of the natural history of esophageal varices, Olsen from Sahlgrenska Hos-
pital in Gothenburg, Sweden, noted the prevalence of esophageal varices among 224 post-
mortem documented cirrhotics (1). Only 150 of the 224 cirrhotic patients (61% of the total)
were actually found to have esophageal varices at autopsy. In a retrospective chart review,
only 100 of the 150 patients with documented varices at autopsy had a history of bleed-
ing varices. However, 87 of the 100 patients who had a history of variceal bleeding died
directly or indirectly related to variceal bleeding. Thus, 39% of all cirrhotics, in this early
study from Sweden, expired related to a variceal bleed.

There have been reports of recent substantial improvements in survival following an
initial variceal bleed. One of the earlier publications by Graham and Smith in Gastro-
enterology (1981) studied 85 patients at a Veterans Administration Hospital who were
admitted for their initial variceal hemorrhage (2). Seventy percent of these patients were
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Child’s class C. The authors noted that 31% of the patients rebled within 6 wk and 41%
of the patients died within 6 wk following the onset of variceal bleeding. Furthermore,
27% of their patients expired within the first week following the index variceal hemor-
rhage. Overall, mortality statistics in the Graham and Smith publication were staggering
with two-thirds of the patients dead within 12 mo and 75% dead within 2 yr.

The mortality of variceal hemorrhage is clearly related in great measure to the sever-
ity of the underling liver disease. Kleber in 1991 identified prospectively several impor-
tant risk factors for death following a variceal hemorrhage (3). These included: Child’s
B or C designation, presence of significant ascites, encephalopathy, a serum bilirubin
level over 3 mg per dL, an albumin less than 2.5 g per dL, and age over 50 yr. These patients
had been followed prospectively for a mean of 20 mo following the identification of
nonbleeding varices.

There has been significant recent improvement in survival following variceal hem-
orrhage. El-Serag et al. in 2000 reviewed retrospectively a large group of patients who
had variceal hemorrhage (4). They identified a cohort of 1300 patients who had a vari-
ceal bleed during 1981–1982 and compared their survival to that of a cohort of 3600
patients with variceal hemorrhage from 1988 to 1991. The 30-d mortality dropped signif-
icantly from 1981–1982 to 1988–1991 (30% vs 21%, p = 0.0001). In addition, the 6-yr sur-
vival had improved significantly. In the initial 1981–1982 cohort, 75% of patients were
dead within 6 yr vs 70% mortality among the 1988–1991 cohort. They noted, however,
that for patients surviving the first 30 d, there was no difference in 6-yr survival between
the two cohorts. Nonetheless, there have been dramatic improvements in survival follow-
ing variceal hemorrhage. Many factors have played a role in enhancing survival including
better resuscitation techniques, the use of pharmacologic therapy and, not to an inconsid-
erable degree, the improvement in survival related to nonoperative endoscopic treatment
of variceal hemorrhage.

PATHOPHYSIOLOGY OF VARICEAL HEMORRHAGE

Multiple postulates have been proposed to explain the actual onset of variceal hemor-
rhage in patients with cirrhosis of the liver (5–8). Many of these theories such as reflux
esophagitis, acid peptic ulcerations, and Mallory–Weiss tears of the gastroesophageal
junction have been dismissed long ago as not fitting either histopathologic or endoscopic
findings. Our understanding of endoscopic treatment has also gained considerably from
a better clarification of the mechanism of the variceal bleed in patients with established
cirrhosis and esophageal varices. The major risk factors for variceal hemorrhage appeared
to be a portal venous pressure higher than 11.5 mmHg above IVC pressure, large varices,
and the presence of unique variceal findings called collectively “red color signs.” It is
clear that a certain level of portal hypertension is necessary but not sufficient to explain
the development of the actual variceal bleed. Many investigators have demonstrated that
a portal pressure above 11.5 mmHg is the baseline elevated pressure above which variceal
hemorrhage may occur. Clearly, however, many patients with markedly elevated portal
pressures do not bleed from varices. The presence of giant varices was first demonstrated
by Lebrec as being a major risk factor for the development of variceal hemorrhage (8).
He noted that among patients with nearly identical portal hypertension, the likelihood
of variceal hemorrhage was markedly increased for patients with large varices. In addi-
tion to the size of varices and elevation of portal pressure, a number of investigators have
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demonstrated the importance of “red color signs.” Beppu et al. in 1991 demonstrated that
certain endoscopic findings were important features associated with variceal bleeding
(6). These included the presence of red color signs such as red wale markings, cherry red
spots, and hematocystic spots. They also noted that blue varices, giant coiled varices, and
panoesophageal varicies were all individually associated with an increased risk of vari-
ceal hemorrhage. Snady et al. in 1988 prospectively evaluated the endoscopic prediction
of variceal hemorrhage employing a grading system, which scored size of varices, color
of varices, location of varices, and intensity of the red color signs (7). They noted prospec-
tively that those patients who had “low-grade risk” varices had a 29% chance of bleeding
over a 1-yr period of follow-up compared to a 91% risk of variceal hemorrhage in the in-
patients who had a high score for varices. Thus, in Snady’s study, giant varices, panesoph-
ageal varices, varices with prominent red color signs in patients who have a baseline por-
tal pressure above 11.5 mmHg are at risk for development of variceal hemorrhage. Yet
another feature, namely the intravarix pressure, has also been identified as a risk factor for
variceal hemorrhage. Rigau et al. in 1989 noted in a group of patients who had the same
portal hypertension that those patients who bled from varices had a significantly elevated
varices pressure and elevated esophageal varix wall tension when compared to those
patients who had not bled from varices (9).

ENDOSCOPIC SCLEROTHERAPY

From 1940 to 1980, the routine approach to patients with documented variceal hem-
orrhage was surgical portacaval shunting. The endoscopic treatment of variceal hemor-
rhage was first reported from Stockholm, Sweden, in 1938 by Crafford and Frenckner
(10). They described endoscopic sclerotherapy using rigid operative esophagoscopes
with patients under general anesthesia. Treatment was repeated monthly until all varices
were obliterated. During the era of portacaval shunting, very little endoscopic sclero-
therapy was performed other than in children with congenital hepatic fibrosis and portal
hypertension. The first publications of extensive experience with endoscopic sclerother-
apy came from Johnston and Rodgers in 1973 who reported on 117 patients who received
217 injections for 194 episodes of acute variceal hemorrhage (11). This report covered
their treatment experience from the years 1958 through 1972. All patients were treated
using rigid esophagoscopes under general anesthesia employing intravariceal injections
of ethanolamine oleate. The authors reported a 90% success rate in the control of acute
variceal hemorrhage. However, 29% of their patients expired in the hospital, including
10% of the patients expiring from uncontrollable variceal hemorrhage. Terblanche and
Northover in 1979 reported on rigid esophagoscopy in 51 episodes of endoscopically
proven acute variceal hemorrhage in 22 patients (12). They reported 92% definitive con-
trol of acute variceal hemorrhage during the index hospitalization. However, 28% of their
patients expired during the hospitalization. Over a 25-mo period, 41% of the patients
expired with the majority of deaths related to progressive hepatic failure. Fleig in 1982
likewise reported on 25 patients with acute variceal hemorrhage not controlled by balloon
tamponade who were treated using rigid esophagoscopy (13). They injected 1% poly-
docanol “paravariceally” (i.e., into the submucosa superficial to the varices) repeating
treatment every 4–7 d. Acute variceal hemorrhage was controlled in more than 90% of
the patients. Once again, a hospital mortality rate of 40% was reported with an additional
20% of patients rebleeding following discharge from the index hospitalization.
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The initial reports of flexible fiberoptic sclerotherapy appeared in the early 1980s.
Sivak et al. in 1981 described the use of intravariceal injection of 0.5% sodium tetradecyl
sulfate, 50% dextrose, and bovine thrombin using fiberoptic endoscopy (14). They noted
a significantly decreased number of rebleeding episodes and a decrease in transfusion
requirements for sclerotherapy treated patients. Similarly, Goodale et al. reported on flex-
ible fiberoptic endoscopic sclerotherapy treatment of 42 patients with acute variceal hemor-
rhage who received sodium morrhuate every 4–7 d for a total of three treatment sessions
(17). Only 14% of the patients had their varices obliterated, 19% had a decrease in the
size and number of varices. However, 8% rebled substantially with 17% of the patients
exsanguinating despite multiple attempts at endoscopic sclerotherapy. Definitive con-
trol of acute variceal hemorrhage was noted in 95% of patients reported by Paquet and
Feussner in 1985 (18). Despite the average of three treatment sessions per patient using
flexible fiberoptic endoscopic sclerotherapy, acute rebleeding occurred in one-third of the
patients with 20% of the treated patients treated dying from massive variceal hemorrhage.

Overall, these early experiences with endoscopic sclerotherapy employing both rigid
and flexible endoscopes demonstrated an efficacy of controlling acute variceal hemor-
rhage at about 85% (11–18). Despite this seemingly effective control of variceal hemor-
rhage, nearly 30% of the patients expired during the index hospitalization. Recurrent vari-
ceal hemorrhage following discharge from index hospitalization was also quite common
in these earlier reports. Anywhere from 25% to 80% of patients discharged following
endoscopic sclerotherapy for acute variceal hemorrhage experienced recurrent variceal
hemorrhage necessitating rehospitalization. In a randomized controlled trial of sclerother-
apy vs portocaval shunting for variceal hemorrhage in Child’s class C patients, we noted
that three-quarters of the sclerotherapy treated patients experienced rebleeding from
varices during the course of intended outpatient treatment (19). This compared to less
than 10% rebleeding from varices among surviving patients receiving portocaval shunts.

There are considerable variables with endoscopic sclerotherapy techniques as with
virtually all techniques in gastroenterology (Table 1). Many of these variables are patient
dependent such as hepatic reserve, hepatic hemodynamics, disease etiology, varix size,
and number. There are also considerable variations in the technique of endoscopic sclero-
therapy including the type of endoscopes used, the presence of overtubes, the type of
sclerotherapy needles, the choice of sclerosant, the volume of sclerosant, and even whether
the injection is made intravariceal or paravariceal. A significant number of sclerosants have

Table 1
Sclerotherapy Variables—Acute Variceal Hemorrhage

1. Patient—hepatic reserve, hepatic hemodynamics (portohepatic gradient), disease etiology,
varix size/number.

2. Techniques—type of endoscope, use of overtubes, sclerotherapy needles, intra- vs para-
variceal injections, sclerosant volumes, operator expertise.

3. Sclerosant—multiple agents used:
a. Sodium morrhuate
b. Tetradecyl sodium
c. Ethanolamine oleate
d. Others (polydocanol, absolute ethanol, cephalothin)
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also been used initially beginning with sodium morrhuate, sodium tetradecyl sulfate,
ethanolamine oleate, polydocanol, absolute ethanol, Keflex, and even hypertonic saline.

The use of endoscopic esophageal overtubes was described in earlier studies of sclero-
therapy. Their usage appeared to have some advantage over “freehand” techniques for
patients with bleeding varices. Both Westaby et al. and Kitano et al. reported a significant
decrease in rebleeding rates when endoscopic sclerotherapy was conducted using the over-
tube technique (20,21). Kitano also demonstrated a decrease in ulceration and a decrease
in bleeding deaths employing the overtube technique for endoscopic sclerotherapy (21).
These earlier favorable results of overtubes have not been noted by others and the use of
overtubes for sclerotherapy and other hemostatic techniques has largely been abandoned.

Multiple randomized clinical trials of different sclerosants have been published deal-
ing with endoscopic sclerotherapy. These have had somewhat conflicting results. For ex-
ample, Kitano noted a decrease in rebleeding and a decrease in pain and esophageal ulcer-
ation employing ethanolamine oleate as a sclerosant when compared to sodium tetradecyl
sulfate (21). However, Sarin et al. and Kochhar et al. noted no differences among the var-
ious sclerosants (21,22). With respect to stricture formation, a commonly reported com-
plication of endoscopic sclerotherapy, Sarin, Kochhar, and Kitano all noted no difference
comparing one sclerosant to another (21–23). Sarin et al., however, did note that a sig-
nificantly greater number sclerotherapy treatment sessions were required over a longer
period of time to effectively obliterate the varices when ethanolamine oleate was com-
pared to the absolute ethanol (22). Sarin et al. also compared once per week treatment ses-
sions with once every 3-wk endoscopic sclerotherapy treatment sessions. They noted a
reduction in the time to the eradication of varices, but an increase in the ulcerations noted
when endoscopic sclerotherapy treatment sessions were conducted on a weekly basis com-
pared to sclerotherapy performed every 3 wk. However, when endoscopic sclerotherapy
was performed every 3 wk, there was a higher rate of interval rebleeding from varices (22).

Randomized controlled clinical trials of endoscopic sclerotherapy compared to stan-
dard medical therapy demonstrated a significant reduction in mortality. In a meta-ana-
lysis of controlled clinical trials, Infante-Rivard et al. (1989) reported a 15% reduction
in mortality occasioned by the use of sclerotherapy compared to control medical treat-
ment (Table 2) (15). This was a significant difference at a p > 0.0005. Similarly, D’Amico
et al. in 1995 performed a meta-analysis of endoscopic sclerotherapy for acute variceal
hemorrhage compared to other modalities. They also noted a significant improvement
in the control of hemorrhage by endoscopic sclerotherapy when compared to balloon tam-
ponade alone or to vasopressin alone, but significantly worse control of bleeding when
endoscopic sclerotherapy was compared to surgical shunting. In D’Amico’s meta-analy-
sis, a significant improvement in mortality was demonstrated for sclerotherapy-treated
patients when compared to those treated with vasopressin alone (16). In our previously
mentioned controlled clinical trial of endoscopic sclerotherapy vs portacaval shunting
for variceal hemorrhage, we demonstrated in 1987 that endoscopic sclerotherapy resulted
in a significant decrease in index hospitalization transfusion requirements and length of
stay. However, there was no difference in short-term mortality. In the long-term follow-
up conducted by us, there were significantly more days of rehospitalization and post-
index hospitalization blood transfusions in patients treated with endoscopic sclerotherapy
compared to those treated by portacaval shunting. In 1987, our study also failed to demon-
strate any significant improvement in hospital costs treating by patients with endoscopic
sclerotherapy compared to those treated portacaval shunting.
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Although the most common sclerosant in North America for patients undergoing
endoscopic sclerotherapy is ethanolamine oleate, others have used a polymer glue, cya-
noacrylate, and have demonstrated a superior control of hemorrhage and a reduction in
the number of treatment sessions occasioned by the use of cyanoacrylate . This agent is
not however routinely available in the United States and does have significant problems
with respect to costs, administration, and endoscopic equipment damage.

A general consensus concerning endoscopic sclerotherapy can be reached. Endosco-
pic treatment should be done in the vast majority of patients employing conscious sedation
with flexible fiberoptic or video-optic endoscopy without overtubes. The most commonly
used sclerosants are ethanolamine oleate or sodum tetradecyl sulfate injected intravarice-
ally in volumes of 1–2 mL per site up to a maximum or 20–30 mL total per treatment ses-
sion. Treatment sessions should be repeated at least every 2–3 wk until all visible varices
are obliterated. Some additional medical therapy should be given to decrease the risk of
interval rebleeding, including β-blockers with or without long-acting nitrates.

ENDOSCOPIC ESOPHAGEAL VARIX LIGATION

Although banding of external hemorrhoids had been reported for a decade or more,
the adaptation of the “rubber band” technique for hemorrhoids to esophageal varix band
ligation was first developed in the late 1980s (Figs. 1 and 2). The first reports of endoscopic
varix ligation appeared in 1988 and 1989 (24,25). Stiegmann and Goff first reported suc-
cessful varix ligation in 14 consecutive patients who had recently bled from esophageal
varices (25). In their seminal publication in Gastrointestinal Endoscopy, they reported

Fig. 1. (A) Circumferential contact is made between the varix and the end of ligating cylinder on
the tip of the endoscope. (B) Suction is engaged drawing in the varix entirely inside the cylinder.
The trip wire is then pulled releasing the elastic ring around the neck of the entrapped varix. (C)
The ligated varix is withdrawn from the cylinder the endoscopic moving while insulfating air (26).
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on 132 individual varix ligations performed during 44 separate ligation sessions (25).
The ligation device that they developed placed a single “O” ring before requiring remo-
val of the endoscope and replacing the ring. To facilitate passage of the scope with the
varix ligation device on it, an overtube was used in the initial studies similar to that
described for endoscopic sclerotherapy. Ten of the fourteen consecutive patients treated
by Stiegman and Goff had complete varix eradication following a mean of 3.9 treatment
sessions. No major complications occurred and there were no treatment failures. In a
follow-up to their original study, Stiegmann and Goff describe varix ligation in 68 con-
secutive patients treated over a 16-mo period of time. Fourteen patients died within a mean
of 12.5 d after the initial ligation session. Overall success in controlling acute variceal
hemorrhage was noted in 88% of patients who were actively bleeding at the time of the
initial treatment session. Thirty-five of sixty-eight consecutive patients had all visible
varices eradicated or reduced to small size with a mean of five treatment sessions. Once
again, they reported no significant treatment-related complications during the course of
265 sessions.

In a landmark publication in the New England Journal of Medicine in 1982, Stiegmann,
Goff, and colleagues randomized 129 cirrhotics with documented bleeding esophageal
varices (26). Sixty-five patients were treated with endoscopic sclerotherapy, whereas 64
were treated with esophageal varix ligation. The initial treatment for the acute bleeding

Fig. 2. Endoscopic view of band ligation. Large esophageal varices are noted, two of which have had
bands applied to them. Following ligation, the banded varices have dusky in color.
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was followed by repeat sessions to eradicate varices. Patients were followed for a mean
of 10 mo during which time the number of episodes of rebleeding, number of treatment
sessions, complications, and survival were tabulated. Active bleeding from varices was
controlled by sclerotherapy in 77% of patients and by ligation in 86%. More sclerother-
apy-treated patients had recurrent bleeding during the study compared to ligation-treated
patients (48% vs 36%, p = 0.072). The number of treatment sessions needed to obliterate
varices was less with ligation when compared to sclerotherapy (4 ± 2 vs 5 ± 2, p = 0.056).
Most importantly, there was significantly higher morbidity among sclerotherapy-treated
patients predominantly from esophageal strictures, pneumonias, and other infections. The
mortality rate was likewise significantly higher in the sclerotherapy-treated group when
compared to the group treated by endoscopic ligation (45% vs 28%, p = 0.041).

The histological effects within the esophageal wall of endoscopic sclerotherapy had
been extensively described and reported over many years . The effects of endoscopic varix
ligation are however less well understood. Polski et al. described the changes in autopsy
specimens from six patients who underwent esophageal varix ligation ranging from 9 h–
22 mo before death (27). Soon after ligation, the banded varix had the histologic appear-
ance of a polyp with its base, of course, tightly compressed by the band. Thrombosis of
the varix was noted by the second day following ligation. Ischemic necrosis of the “polyp”
occurred anywhere from the day of banding to 5 d following ligation. Superficial ulcer-
ation of the overlying mucosa was noted well into the third week following band ligation
of esophageal varices. Following complete healing of the superficial ulceration, submuco-
sal fibrosis was noted.

Rebleeding from esophageal varices occurs in between 5% and 35% of patients during
the treatment period invariably before variceal obliteration is achieved. The factors related
to rebleeding are unknown. Wipassakornwarawugh et al. studied the risk factors associ-
ated with rebleeding in patients who were treated endosopically by band ligation (28). All
patients received regular EVL until varix disappearance. Whereas no major complication
occurred, rebleeding was documented in 26% of patients. The vast majority of these epi-
sodes of rebleeding were related to portal hypertension but not to varix rebleeding. Patient
platelet count and prothrombin time were not related to rebleeding (p = 0.79). However,
Child’s–Pugh C patients had a significantly higher rebleeding rate when compared to those
that were Child’s A or B (p = 0.047). Rebleeding was associated with significant mortal-
ity and a significant number of these patients experienced exsanguination.

Endoscopic varix ligation can be associated with a worsening of and/or appearance
of portal hypertensive gastropathy. Pereira-Lima studied the impact of endoscopic liga-
tion on portal pressure (29). Twenty-two cirrhotic patients with variceal bleeding under-
went hepatic venous pressure gradient studies before and following successful varix liga-
tion therapy. The mean hepatic venous pressure gradient before varix ligation was 14.1 and
13.5 mmHg following eradication. After successful eradication of varices by endosco-
pic ligation, 12 of 22 patients experienced a reduction in portal pressure, whereas 10 were
noted to have an elevation in portal pressure. Three of the twenty-two patients developed
new gastric fundal varices. There was no significant difference in the hepatic venous pres-
sure gradient before and after successful varix ligation. Portal hypertensive gastropathy
worsened in nine patients. However, the increase in pressure gradient was not signifi-
cantly different between those patients who developed portal hypertensive gastropathy
and those who did not. Thus, esophageal varix ligation does not significantly alter the hep-
atic venous pressure gradient.
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Multiple studies have compared banding to endoscopic sclerotherapy (30–38). A
classic publication by Lane and Cook in Gastroenterology (1996) describes a meta-
analysis of multiple controlled clinical trials (33) (Table 3). Control of variceal bleeding
was not significantly different between banding and endoscopic sclerotherapy. Likewise,
there was no significant difference in ultimate variceal obliteration. Rebleeding from
esophageal varices, mortality, and development of esophageal strictures, however, were
significantly decreased in patients receiving band ligation compared to those receiving
endoscopic sclerotherapy. In addition to the efficacy of endoscopic banding versus sclero-
therapy, Lane and Cook noted a significant reduction in number of treatment sessions
required for variceal obliteration (Table 4). In four of seven studies reviewed, they noted
a reduction in the number of treatment sessions varying from one to two sessions less for
patients undergoing band ligation when compared to those undergoing endoscopic sclero-
therapy (33).

Others have looked at combining band ligation and sclerotherapy. A meta-analysis by
Singh in 2002 noted no statistical difference between the two treatment programs. Thus,
the addition of sclerotherapy to band ligation does not appear to enhance the overall
efficacy of endoscopic band treatment (33). They noted no significant difference in either
the control of hemorrhage or in the long-term and short-term survival. D’Amico also
performed a meta-analysis comparing a wide range of nonsurgical treatments for the pre-
vention of rebleeding of esophageal varices (16). He noted that endoscopic sclerotherapy
was significantly better than β-blockers in the prevention of bleeding but not mortality.
Endoscopic sclerotherapy plus β blockade was likewise significantly better at reducing
bleeding when compared to sclerotherapy alone. Once again, however, there was no sig-
nificant improvement in overall mortality.

Table 3
Results of Ligation Compared

with Sclerotherapy for Treatment of Bleeding Esophageal Varices

Trials Odds Ratio
Variable (Patients), n(n) (95% CI)*

Hemostasis for active bleeding 5 (106) 1.14 (0.44 to 2.90)
Variceal Obliteration 7 (547) 1.24 (0.87 to 1.76)
Rebleeding 7 (547) 0.52 (0.37 to 0.74)
—Rebleeding caused by varices 5 (315) 0.47 (0.29 to 0.78)
Mortality 7 (547) 0.67 (0.46 to 0.98)
—Mortality caused by bleeding 5 (368) 0.49 (0.24 to 0.996)
Complications t

—Esophageal stricture 7 (547) 0.10 (0.03 to 0.29)
—Bleeding caused by treatment-induced ulcerations 7 (547) 0.56 (0.28 to 1.15)
Pulmonary infection 6 (524) 0.52 (0.21 to 1.34)
Bacterial peritonitis 5 (421) 0.74 (0.34 to 1.62)
Complications leading to death 5 (421) 0.47 (0.15 to 1.48)

*Odds ratios for ligation compared with sclerotherapy; all odds ratios favor ligation.
tRefers to number of patients with complications rather than to number of events.
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Recently, we published the results of a randomized controlled trial of endoscopic
sclerotherapy versus transjugular intrahepatic portasystemic shunting. Among patients
who were largely alcoholic cirrhotics with endoscopically documented variceal hemor-
rhage, we demonstrated a decrease in variceal hemorrhage in patients undergoing TIPS
vs those undergoing endoscopic sclerotherapy. However, there was no significant dif-
ference in total duration of hospitalization or in health care costs. Overall mortality when
followed for a mean of 850 d was not significantly different between the groups. Others
have also looked at endoscopic varix ligation compared to TIPS and have also not dem-
onstrated any significant difference in gastrointestinal tract bleeding following success-
ful varix ligation when compared to TIPS. Gulberg et al. likewise demonstrated neither
significant difference in bleeding nor improvements in survival when comparing TIPS
to endoscopic varix ligation (39).

Dhiman and Chawla reported on the new technique of combining endoscopic sclero-
therapy and varix ligation during the same treatment session (40). They placed a single
band at 5–10 cm proximal to the gastroesophageal junction over each varix. This was
followed by an intravariceal injection of 1.5% ethoxyscleorol (4 mL each) at 2–3 cm
proximal to the gastroesophageal junction on the ligated varices. The injections were
made distal to the initially deployed band. Immediately following sclerotherapy; varix
ligation was performed at the injection site. All other varices were injected and ligated
distal to proximally. This technique was performed successfully in all patients and was
associated with a mean number of treatment sessions of only three (range one to four sess-
ions). This appears to be a substantially less number of treatment sessions than with either
varix ligation or sclerotherapy alone. However, randomized control trials are required
to find out its relative efficacy and impact on the recurrence of esophageal varices.

Whereas successful eradication of varices by varix ligation can be accomplished in vir-
tually all patients, a recurrence of varices clearly occur in a substantial number of patients.
The possibility exists that thermal treatment of the distal esophageal mucosa may pre-
vent recurrence of varices previously treated by sclerotherapy or band ligation. Cipolletta
et al. from Italy investigated the use of argon plasma coagulation in reducing variceal
recurrence following successful endoscopic varix ligation (41). They randomized thirty
patients who had undergone successful eradication of varices by endoscopic ligation to
either argon plasma coagulation (APC) or expectant management. In the APC group, the

Table 4
Banding vs Sclerotherapy Treatment Sessions needed for Obliteration of Varices

Study No. sessions-ligation No. sessions-sclerotherapy p value

Jensen et al. 3.1 2.9 >0.20
Laine et al. 4.1 6.2 <0.001
Lo et al. 3.8 6.5 <0.001
Stiegman 4 5 0.056
Gimson et al. 3.4 4.9 0.006
Young et al. 3.6 6.2 <0.001
Mundo et al. 3.5 6.5 Not stated

Adapted from Laine L and Cook D (33).
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entire esophageal mucosa 4–5 cm proximal to the gastroesophageal junction was coagu-
lated circumferentially in from one to three sessions performed at weekly intervals. Endos-
copy was performed routinely every 3 mo to check for recurrence of varices in both groups.
Following APC, no recurrence of varices was observed. Over the same mean 16-mo fol-
low-up, varices recurred in 43% of patients in the control group. Thus, both recurrence
of varices and rebleeding from varices was significantly more common in the observa-
tion group when compared to the APC group. Thus, argon plasma coagulation of the dis-
tal esophageal mucosa following successful eradication of varices by varix ligation appears
to be safe and is possibly effective at reducing the rate of varix recurrence.

The impact of endoscopic treatment of esophageal varices on esophageal motility and
gastroesophageal reflux has not been extensively investigated. Older studies did suggest
that esophageal dysmotility could occur following endoscopic sclerotherapy principally
hypotension of the lower esophageal sphincter. Viazis et al. from Athens studied 60
patients with variceal bleeding who where randomized to receive either sclerotherapy
or ligation until varix eradication 42). These 60 patients underwent esophageal manom-
etry and 24-h esophageal pH studies at inclusion and at 1-mo following varix eradication.
Following varix eradication by sclerotherapy, peristaltic wave amplitude significantly
decreased. There was a corresponding increase in the number of simultaneous contrac-
tions and the percentage of time with the pH less than 4.0. There was also an increase in
the reflux time from 1.60 ± 0.25 to 4.91 ± 1.16% in the proximal port and from 1.82 ±
0.27 to 5.69 ± 1.37% in the most distal channel. In contrast, neither esophageal manome-
tric findings nor 24-h esophageal pH studies were significantly different following endo-
scopic band ligation. Thus, there is a significantly different outcome with respect to esoph-
ageal function in patients following endoscopic sclerotherapy when compared to those
treated by endoscopic varix ligation.

Can a consensus be reached with respect to endoscopic treatment of patients bleeding
from esophageal varices? Whereas both endoscopic sclerotherapy and band ligation are
equally effective in the acute control of hemorrhage, where practical and available, the
modality of first choice should be band ligation. The exception to this clearly appears to
be in treating patients with exsanginating variceal hemorrhage when there is marked dif-
ficulty in visualizing the mucosa. It is nigh to impossible to place endoscopic bands in this
situation, so the use of emergency endoscopic sclerotherapy is preferable. Toward the end
of intended treatment sessions, the smaller varices may be difficult to band simply because
their small size does not allow suctioning into the banding chamber. In this instance, the
endoscopist may choose to obliterate these small residual varices by sclerotherapy.
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HISTORY

Surgeons have played a role in the management of portal hypertension since Eck per-
formed the first end-to-side portacaval shunt (the Eck fistula) in dogs at the end of the 19th
century (1). Several surgeons in the early 1900s attempted to manage variceal bleeding
with various procedures, but it was in the 1940s that there was the first systematic use
of surgical shunts to control variceal bleeding by the Columbia Presbyterian Group in
New York.

Surgeons have played a key role in randomized trials for the management of variceal
bleeding with the use of prophylactic shunts, therapeutic shunts, the different types of
shunt, and comparison of surgical shunts to other newer treatments of variceal bleeding.
Many contributions to the understanding of the pathophysiology of portal hypertension
came from these surgical studies. The most significant contribution from surgeons to
management of portal hypertension has been liver transplant, which has become a wide-
spread clinical reality in the last two decades.

The diminishing use of nontransplant surgery to treat portal hypertension has in part
been a result of the introduction of liver transplantation, but also to the wider use of other
new therapies. Pharmacologic therapy reduces portal hypertension; endoscopic therapy
has evolved to the point of playing a major role in first line treatment of patients who have
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bled from varices. Radiologic therapy with transjugular intrahepatic portal systemic
shunt has provided a less invasive way of decompressing portal hypertension. All of these
alternative approaches to managing variceal bleeding are addressed elsewhere in this book
and the role of this chapter is to show where other surgical therapies fit relative to these.

SURGICAL ANATOMY

Knowledge of the surgical anatomy, and the ability to study it accurately are impor-
tant to the surgeon managing portal hypertension (2). The portal venous system devel-
opmentally is formed from the vitelline and umbilical veins, with the hepatic sinusoids
developing from the septum transversum. The portal vein is formed behind the neck of the
pancreas as the junction of the superior mesenteric and splenic veins. It runs for approx
6–8 cm and is 1–1.2 cm in diameter. With respect to portal hypertension, it is the entering
tributaries that are important, but they are also very variable. The splenic vein is usually
consistent and runs in the posterior surface of the pancreas. The inferior mesenteric vein
is variable, entering either into the superior mesenteric or the splenic vein. The left gastric
(coronary vein) is also variable coming off either the splenic or the portal vein and being
one of the major feeding vessels for gastroesophageal varices. The surgical venous anatomy
at the gastroesophageal junction has been extensively studied, and the zones of venous
drainage have been clarified at, above, and below the gastroesophageal junction. The sub-
mucosal zone shunts large volumes of blood in this plane just above the gastroesopha-
geal junction with significant perforating veins feeding the intercommunicating plexuses.

PATHOPHYSIOLOGY

This is dealt with in detail elsewhere in this text, but from the surgeon’s perspective, the
two important changes are: (i) the change in the portal circulation and (ii) the change in
the systemic circulation. The high pressure in the portal system is associated with the
development of significant collaterals with the gastroesophageal varices being most impor-
tant clinically. These are primarily fed off the left gastric vein and the short gastric veins
from the spleen. In conjunction with the development of portal hypertension and collateral
development, there are also systemic hemodynamic changes. Increased plasma volume
is associated with decreased total vascular resistance and the development of a hyperdy-
namic systemic circulation. These hemodynamic changes have implications to the sur-
geon managing these patients, particularly in the patients’ response to surgical procedures.

EVALUATION

The surgeon plays a role in overall evaluation of patients with variceal bleeding and
portal hypertension. Most patients will be seen by a surgeon if they are having recurrent
bleeding episodes through first line treatment. The essential components of evaluation
to the surgeon are endoscopy, vascular imaging, and assessment of liver function.

Endoscopy defines the site, size, and bleeding risk factors for gastroesophageal varices.
Persistent high-risk varices with clinically recurrent bleeding through first line treatment
may well be an indication for surgical intervention.

Vascular imaging is primarily done with ultrasound, but may require angiography.
Doppler ultrasound will allow screening of the major vessels for patency and directional
flow. When surgical decompression is being considered, angiography is usually required
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for more accurate definition of the major vessels and the feeding tributaries. The second
component of imaging is looking at liver morphology. This should always be a compo-
nent of assessment of patients with cirrhosis and chronic liver disease, particularly to
exclude focal lesions that are potentially hepatomas.

Liver function is assessed by a combination of clinical and laboratory measurements.
Childs–Pugh classification is the standard for evaluating these patients (Table 1). In the
last several years, the Model for End-stage Liver Disease (MELD) score is receiving
increasing attention and use (Table 2). The Childs–Pugh classification has stood the test
of time and is valuable in assessing surgical risk for patients being considered for shunt
surgery. The MELD score was initially developed for predicting outcome in patients
receiving TIPS, and has become widely used for assessing liver disease severity for trans-
plant listing and organ allocation. Its role in defining risk for patients with variceal bleed-
ing continues to be evaluated.

Liver biopsy is occasionally indicated in the patient being considered for surgical
decompression. This may be done either by a blind percutaneous biopsy or by transjug-
ular biopsy. The indications for a preoperative biopsy are when there is doubt as to the
diagnosis and the need for confirmation for cirrhosis, or for assessment of degree of dis-
ease activity.

Quantitative tests to assess liver function have received considerable attention but
have not come to wide clinical use. Indocyamine green clearance, galactose elimination
capacity, or MGEX formation have been the main tests studied. They do provide informa-
tion as to functional capacity of the liver, measuring, predominantly, flow, hepatocyte
function, or a combination of the two. They are more cumbersome to perform and do not
significantly alter treatment decisions.

TREATMENT

First-line treatment for variceal bleeding is with pharmacologic and endoscopic ther-
apy. These topics are dealt with elsewhere in this text: these should be used initially in
all patients, and it is only the 25–30% of patients who rebleed significantly through such
therapy that are candidates for surgical intervention.

Table 1
Child–Pugh Score

Parameter 1 Point 2 Points 3 Points

Serum bilirubin (mg/dL) <2 2–3 <3
Albumin (g/dL) >3.5 2.8–3.5 <2.8
Prothrombin time (″, S) 1–3 4–6 >6
Ascites None Slight Moderate
Encephalopathy None 1–2 3–4

Grades: A, 5–6 points; B, 7–9 points; C, 10–15 points.

Table 2
MELD Score

Score = 0.957 ↔ loge creatinine (mg/dL) + 0.378 ↔ loge bilirubin (mg/dL) + 1.120 loge INR
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Surgical options in treating portal hypertension are: (1) decompressive shunts; (2) de-
vascularization procedures; and (3) liver transplantation. These three operative approaches
all have a role in the management of patients with portal hypertension with specific indi-
cations that are complimentary rather than competitive. Each of these approaches will
be discussed.

DECOMPRESSIVE SURGICAL SHUNTS
The surgical shunts fall into three distinct groups: (1) total portal systemic shunts that

decompress all portal hypertension; (2) partial portal systemic shunts that reduce portal
pressure to 12 mmHg or less, but permit some ongoing portal flow; (3) selective shunts
that decompress gastroesophageal varices and the spleen but maintain portal hyperten-
sion and portal flow to the liver.

Total portal systemic shunts are any shunt >10 mm in diameter between the portal
vein or one of its main tributaries and the inferior vena cava or one of its main feeding ves-
sels. The most commonly used total portal systemic shunt is a side-to-side portacaval shunt
that directly anastomoses the portal vein to the infrahepatic inferior vena cava (IVC)
(Fig. 1) (3,4). This shunt not only decompresses all the portal hypertension with excel-

Fig. 1. Side-to-side portacaval shunt. When >10 mm diameter, this shunt is a total shunt, diverting
all portal flow and decompressing the liver sinusoids.
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lent control of variceal bleeding, but also decompresses the hepatic sinusoids and relieves
ascites. The portal vein acts as an outflow tract from the liver in this operation, giving
total diversion of portal flow and potential adverse effects on liver function. Alternative
operations which are total portal systemic shunts are mesocaval or mesorenal shunts >10
mm in diameter.

The outcome for total portal systemic shunts is excellent control of bleeding and ascites
in more than 90% of patients. The risks following total portal systemic shunt are progres-
sive liver failure and encephalopathy. Encephalopathy rates of 40–50% are reported by
most, although Orloff’s experience has been a significantly lower rate. Results from two
series reported in the 1990s are shown in Table 3.

The main indications for a side-to-side portacaval shunt at the present time are limited.
It may be used in the patient with massive bleeding who also has ascites, but TIPS has
largely replaced this indication. Second, the patient with acute Budd–Chiari syndrome
with ongoing hepatocyte necrosis can be treated by a side-to-side portacaval shunt that
decompresses the sinusoids and halts this ongoing liver damage (5).

Partial portal systemic shunts are achieved by reducing the size of the anastomosis
of a side-to-side shunt to 8 mm diameter. Sarfeh et al. documented that progressive reduc-
tion of graft size down to 8 mm allowed a maintenance of portal perfusion in 80% of
patients, with reduction of portal pressure to ≤12 mmHg (6). This shunt requires a similar
operative approach as the side-to-side portacaval shunt, except for the interposition graft
as shown in Fig. 2.

Data on partial shunts indicate equivalent control of bleeding to total portal systemic
shunts and better control of bleeding than with TIPS. The ability to maintain some portal
flow with these shunts results in a lower incidence of encephalopathy and liver failure
compared to total portal systemic shunts. Data from recent series of partial shunts are
given in Table 4 (7,8).

Other groups have advocated the use of limited-sized interposition grafts in the meso-
caval position in a similar manner (9). The longer length of these grafts, which are of small
diameter, does make them more prone to thrombosis. No randomized data are available
on such interposition mesocaval small-bore shunts.

Selective shunts decompress gastroesophageal varices, but maintain portal perfusion
of the liver. The most commonly performed selective shunt is the distal splenorenal shunt
(10), but the coronary caval shunt has also been used primarily in Japan (11). The distal
splenorenal shunt anastomoses the superior mesenteric end of the splenic vein to the left
renal vein, thus, decompressing the spleen, gastric fundus, and lower esophagus to control

Table 3
Total Shunt (>10 mm PCS)—Outcomes

1 2

Rebleeding 1% 7.6%
Encephalopathy 9% 50%
Op Mortality 15% 6.4%
Late Survival 71% (10 yr) 31% (10 yr)

1Orloff et al., J Am Coll Surg 1995.
2Stipa et al., W J Surg 1994.
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variceal bleeding. Portal hypertension is maintained in the splanchnic and portal venous
system to maintain portal flow to the cirrhotic liver (Fig. 3).

The outcome following distal splenorenal shunt gives a >90% control of variceal
bleeding with initial excellent maintenance of portal perfusion. Patients with nonalco-
holic liver disease maintain portal perfusion well, whereas 50% of patients with alco-
holic liver disease will lose portal perfusion over time. The incidence of encephalopathy

Fig. 2. Partial portal systemic shunt with an 8mm diameter graft. This shunt reducedportal pressure
to ≤12 mmHg and maintains same prograde portal flow.

Table 4
8 mm H-graft—Outcomes

1 2

Child’s A/B/C 52/38/10 (%) 14/36/50 (%)
Rebleeding 8% 3%
Encephalopathy 20% 3% (early)
Op Mortality 8% 20%
Late Survival 54% (7 yr) 70% (4 yr)

1Sarfeh et al., Arch Surg 1998.
2Rosemurgy et al., J G I Surg 2000.
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is lower with distal splenorenal shunt than total shunts in four of the seven randomized
trials comparing the two approaches (12). The incidence of encephalopathy after distal
splenorenal shunt is the same as the incidence of encephalopathy following endoscopic
therapy in randomized trials (13).

Results from some more contemporary series of distal splenorenal shunt are given in
Table 5. It can be seen that the majority of these more recent series have been in Child’s

Fig. 3. Distal splenorenal shunt decompresses the spleen and gastroesophageal varices, while main-
taining portal hypertension and flow to the liver in the portal vein.

Table 5
DSRS—Outcomes (Child’s A/B)

1 2 3 4

Rebleeding 6.3% 6.8% 6% 11%
Encephalopathy 12% 15% 5% 9%
Op Mortality 0 6% 5% 2.7%
Late Survival 86% (3 yr) 74% (5 yr) 85% (5 yr) 76% (5 yr)

1Henderson et al., Surgery 2000.
2Jenkins et al., Arch Surgery 1999.
3Orozco et al., LTS 1997.
4Rikkers, Ann Surg 1998.
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class A and B patients, giving excellent control of bleeding and good long-term survival.
Outcome is primarily dictated by the underlying liver disease and preserved liver func-
tion (14–17).

Currently, there is an ongoing multicenter NIH-funded trial comparing distal spleno-
renal shunt to TIPS that is due to complete patient follow-up in 2004. The data should
be available shortly thereafter.

DEVASCULARIZATION PROCEDURES

These have the components of splenectomy, gastric and esophageal devasculariza-
tions, and in some cases esophageal transection. The main champions of this approach
have been the Japanese, with Sugiura having an excellent series with good control of bleed-
ing (18). Various modifications of this procedure have used different components of the
devascularization, but the main aim is to get adequate devascularization around the gas-
troesophageal junction; hence, the upper half of stomach and the distal 7–8 cm of the
esophagus need to be totally cleared of all entering and communicating veins. This is illu-
strated in Fig. 4.

Fig. 4. Gastroesophageal devascularization procedures have the components of splenectomy,
devascularization of the distal 7 cm of the esophagus, and of the upper half of the stomach.
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The outcomes following devascularization have varied with bleeding control in 90+%
in the Japanese experience (19), and approx 90% in the reported series from Orozco et
al. in Mexico (20). The North American and European series have seen higher rebleeding
rates in the 30–40% range, probably related to less aggressive devascularization (21).
The incidence of liver failure and encephalopathy is low following these procedures,
presumably because of better maintenance of portal flow. The current indication for the
use of devascularization procedures is, in this author’s opinion, when there are no other
shuntable vessels. Thus, it is often in the patient with a hypercoagulatable state who has
thrombosed most of the intra-abdominal vessels and has persistent variceal bleeding that
devascularization may currently be indicated.

WHEN SHOULD SURGICAL SHUNTS BE USED?
• Surgical shunts are not indicated for prophylaxis to prevent an initial bleed.
• Acute variceal bleeding should be managed with endoscopic therapy and if that fails to

control bleeding, TIPS is the next logical step. Surgical intervention is rarely indicated
for acute variceal bleeding.

• Surgical shunts may play a role in a limited number of patients to prevent rebleeding.
First-line treatment should be with pharmacologic and endoscopic therapy and surgical
decompression only considered for Child’s class A or B+ patients who have recurrent
bleeding. The issue as to whether these patients are better managed with surgical shunt
or TIPS remains unresolved and is the topic of an ongoing randomized trial. Reported
series of surgical shunts indicate that selective shunt is the best surgical approach.

LIVER TRANSPLANT
Liver transplant is the most commonly used operation for portal hypertension. In the

context of this chapter, it deals with both variceal bleeding and also the underlying liver
disease. However, limitations in organ availability, contraindications to transplant for
many patients, and the overall expense of transplant limit its widespread application. The
indication for liver transplant remains advanced, or end-stage liver disease. If the other
complications of portal hypertension, such as variceal bleeding or ascites, are a major
component of that end-stage disease, they are part of that indication.

Liver transplant is the one surgical treatment that has altered the outcome of patients
with variceal bleeding in the last two decades. Prior to the transplant era, Child’s class
C patients with variceal bleeding had approx a 25% 5-yr survival no matter what treatment
modality was used. In the transplant era these patients now have a 70–75% 5-yr survival
(22–24). However, it must be remembered that it is a highly selected group of patients who
are suitable candidates for transplant (25). There are no randomized studies, and prob-
ably never will be, to directly compare transplant to any other treatment modality.

The major issue related to liver transplant in management of portal hypertension is how
such patients should be bridged to transplant. The team managing these patients must
consider how far any of the other treatment modalities discussed in this chapter, or else-
where in this text, may influence the outcome of transplant if that is going to be the final
therapy for a given patient.

Pharmacologic and endoscopic therapies have no adverse impact on the operative
procedure of liver transplant. In patients with significant liver disease that is ultimately
going to come to transplant, limiting management of the variceal bleeding to these two
therapies is ideal.
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TIPS, if correctly placed, has no adverse effect on the transplant operation. Placing
a TIPS stent too high so that it impedes upper IVC cross-clamping, or too low in the por-
tal vein to jeopardize its safe use, are potential technical problems. Close communication
with the interventional radiologists who place TIPS is important in overall management
strategy. The concept that TIPS placed prior to transplant to relieve the portal hyperten-
sion would make transplant technically easier has not been supported by data (26).

Prior surgical shunts do make transplant procedures more difficult with longer opera-
tive times and higher blood loss (27). Shunts close to the liver hilus make for more com-
plex transplants than “remote” shunts. Clear visualization of vessels, probably using angi-
ography, prior to transplant is helpful in operative planning: this helps decide how and
if venovenous bypass may be used, and the need for venous grafts. Specific to transplant
in patients with prior DSRS, angiography will define the degree of collateralization that
has occurred between the portal vein and the shunt, and dictate the need for splenectomy
and shunt ligation. If there are large siphoning collaterals from the portal vein to the splenic
vein seen on venous phase superior mesenteric study, then splenectomy and shunt ligation
are required. If collaterals are not present, then the spleen and shunt can be left undisturbed.
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INTRODUCTION

Transjugular intrahepatic portosystemic stent-shunt (TIPSS) is a nonsurgical means
of diverting blood from the portal circulation through the hepatic parenchyma to the sys-
temic circulation, thereby creating a portosystemic shunt. The internal jugular vein is first
entered percutaneously, and a catheter is passed through the superior vena cava, right
atrium, inferior vena cava, and, in most cases, the right hepatic vein under fluoroscopic
guidance. A needle is inserted through the catheter to puncture the hepatic parenchyma,
creating a tract to link the hepatic vein and usually the right portal vein. This tract is kept
patent using an expandable metal stent. Where successful, this results in immediate
decompression of the portal circulation and elimination of portal hypertension.

Historical Aspects
The concept of TIPSS has been around since the late 1960s and 1970s (2,3). The original

investigators looked at imaging the portal circulation via the transjugular route. They
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succeeded in entering the portal vein through the hepatic parenchyma, and this led to the
idea of creating a fistula between the hepatic and portal veins giving rise to a portosyste-
mic shunt. Initial attempts at creating a TIPSS in animal models using nonexpandable tub-
ing (3), drilling (4), and cryoprobe freezing (5) were hampered by shunt dysfunction,
with primary patency limited to a maximum of 2 wk.

The introduction of balloon angioplasty catheters in the latter half of the 1970s was the
key to the successful creation of TIPSS. Animal models demonstrated the potential for
TIPSS to be kept patent for up to 1 yr by regular dilatations, despite the high early occlu-
sion rate (6). The first clinical application of TIPSS was by Colapinto et al. in 1982, who
used a 9-mm catheter to significantly reduce portal pressure (7). Further studies were per-
formed in patients with cirrhosis and variceal bleeding, where despite a significant reduc-
tion in the portal pressure, most patients rebled and died or required surgery. The fact that
most of the fistulas were patent at autopsy suggested that further measures were necessary
to maintain portal decompression.

The use of expandable metal stents in the mid-1980s led to the development of 10-mm
Palmaz stents, which were initially used in animal models (8,9). The patency of these
shunts was much better in patients with chronic rather than acute portal hypertension, last-
ing for up to 48 wk. These experiments led to the first clinical application of expandable
metal stents involving the use of two Palmaz stents, resulting in both hemodynamic and
clinical improvement in portal hypertension (10). The patient unfortunately died at d 12
from adult respiratory distress syndrome, although the shunt was noted to be patent at
autopsy. These early experiences stimulated enormous interest among interventional
radiologists and gastroenterologists, resulting in many centers using TIPSS and further
refining the technique and expanding its use for other indications.

HEMODYNAMIC EFFECTS OF TIPSS

Cirrhosis and portal hypertension results in the hyperdynamic circulation first described
by Kowalski and Abelmann (11), and later validated by others (12). The characteristic
features are increased cardiac output and decreased systemic vascular resistance. Heart
rate and stroke volume are also increased and directly proportional to cardiac output. The
arterial pressure in patients with portal hypertension is normal or lower than in controls
(13,14). In addition, the severity of liver disease is inversely proportional to the arterial
pressure (15). The effects of TIPSS on this hyperdynamic circulation have been well
studied.

Portal Circulation
Successful TIPSS results in immediate reduction of portal pressure. Traditionally, the

portal pressure gradient is utilized [portal pressure gradient (PPG): portal pressure − infer-
ior vena cava (IVC) pressure]. It was widely believed that variceal bleeding was very unlikely
below a threshold hepatic venous pressure gradient (HVPG) of 12 mmHg (16), leading
to this being adopted as a therapeutic goal following TIPSS insertion, and is achieved for
most patients in our and others’ series. The ideal target PPG following insertion of TIPSS
remains undefined. The lower the PPG after TIPSS, the greater is the likelihood of control
of variceal bleeding and prevention of rebleeding. This has to be balanced against the risk
of encephalopathy and reduction of liver blood flow, which are likely to be compounded
by larger shunt sizes.



Chapter 17 / TIPSS 249

The insertion of TIPSS diverts the portal blood from the liver directly into the syste-
mic circulation thereby reducing hepatic perfusion through the portal vein. The larger the
shunt, the greater is the degree of shunting. TIPSS has been shown to reduce liver blood
flow, which is most marked acutely, but is restored 3-mo afterward (17,18). This restoration
of liver blood flow is thought to be caused by compensatory increase in liver blood flow,
possibly mediated by the hepatic arterial buffer response. The degree of restoration of liver
blood flow is thought to depend upon the severity of the underlying liver disease. In the
more advanced stages of cirrhosis, the reduction in liver blood flow after TIPSS insertion
is more marked probably because of reduced hepatic arterial buffer response (19,20).

The azygous blood flow, which is a measure of the collateral blood flow, decreases
acutely following TIPSS insertion, with a maximum decrease of 30% of baseline values
1 yr following TIPSS insertion. This study also identified a correlation between the change
in PPG following TIPSS insertion and the azygous blood flow.

Systemic Circulation
The potential for a TIPSS to aggravate an already hyperdynamic circulation was dem-

onstrated in several studies (21). The acute effect at 30 min post-TIPSS insertion is an
increase in cardiac output (CO), right atrial pressure (RAP), and pulmonary artery and
pulmonary wedge pressure, with a fall in systemic vascular resistance (SVR). No change
was observed in heart rate (HR) or mean arterial pressure (MAP). The fall in the porto-
atrial pressure gradient correlated with the rise in CO and drop in SVR. These changes
were confirmed in a recent study of a larger population over a 1-yr period following TIPSS
insertion (18). In addition to the acute effects, there was an increase in MAP and HR. The
acute increase in CO persisted for up to 3 mo, although the SVR started to increase after
1 wk (Fig. 1). Other parameters of the systemic circulation returned to normal after a year.

Therefore, the acute detrimental hemodynamic effect of TIPSS insertion is not main-
tained in the long term. The acute increase in the cardiac output and increase in venous
return may result in acute pulmonary edema or unmask preexisting cardiomyopathy.

Fig. 1. Change in systemic and portal hemodynamics pre- and post-TIPSS (18).



250 Tripathi et al.

Caution is needed in patients with pulmonary hypertension or known cardiac dysfunc-
tion. The mechanism by which TIPSS produces detrimental effects on the circulation is
not clear but recent studies suggest that TIPSS induced increase in nitric oxide produc-
tion may underlie these pathophysiological effects.

COMPLICATIONS OF TIPSS

The complications relate to the procedure itself, the underlying liver disease, and the
function of the shunt.

Procedural
The overall rate of procedure-related mortality in our unit of almost 500 consecutive

TIPSS over a 10-yr period is 1.2% (22). Direct complications of the TIPSS included gall-
bladder perforation and intraperitoneal hemorrhage. There are also other rare nonfatal
procedure-related complications such as portal vein to bile duct fistula, localized collec-
tion between gallbladder and liver, shunt migration, pneumothorax, and neck hematoma.
An unusual complication was the presence of a right atrial clot noted at routine portography
resulting in shunt insufficiency. This was successfully removed under ultrasound guidance.

Patients with liver disease are immunosuppressed, and the insertion of a TIPSS does not
appear to increase the risk of infection, although an unusual type of infection can occur
in the presence of a thrombus or vegetation in the TIPSS known as “endotipsitis” (23).
The patient presents with fever, hepatomegaly, and positive blood cultures. Prolonged
antibiotic therapy is required. As in the case of infective endocarditis, there is usually one
organism isolated. We have a policy of administering intravenous third-generation ceph-
alosporins pre- and for 48 h post-TIPSS insertion. Nevertheless, TIPSS infection has to
be considered when no other source of sepsis can be identified. In around 13% of patients,
there may be clinically significant hemolysis, which may manifest as jaundice or anemia
(24). This usually resolves within 3–4 wk as the TIPSS becomes covered with a neointimal
layer.

Hepatic Encephalopathy
One of the principal concerns of TIPSS has been the increased risk of hepatic enceph-

alopathy, and this is confirmed with the current studies. The overall risk of hepatic enceph-
alopathy following TIPSS of 34% compares with 19% following endoscopic therapy,
resulting in one episode of de novo or worsening hepatic encephalopathy for one in eight
patients treated with a TIPSS (25). This obviously has major implications on the quality
of life of patients, and the resources needed to manage encephalopathy including shunt
occlusion in up to 5% (22). Selecting patients free from hepatic encephalopathy prior to
TIPSS insertion may reduce the incidence of post-TIPSS encephalopathy (26). How-
ever, in clinical practice this is difficult to accomplish particularly where TIPSS is used
to rescue those who have failed endoscopic therapy because these individuals are likely
to be encephalopathic from recurrent bleeding and/or have limited alternative treatment
options.

However, it must be appreciated that TIPSS is often performed as a rescue procedure
in patients with advanced liver disease who have already failed other pharmacological
interventions. They may have an element of ischemic liver damage, sepsis, and deranged
electrolyte status related to the bleeding and/or resuscitation. In this sort of environment,
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introduction of TIPSS can result in catastrophic brain edema and death from cerebral
herniation. In our case series of the first 80 TIPSS procedures, we have observed five
such cases (27). The mechanism by which TIPSS induces brain swelling is not clear but
likely to be multifactorial related to ischemic liver injury, hyperammonemia, sepsis, elec-
trolyte disturbances, and as we have recently shown, a TIPSS induced increase in cerebral
blood flow (27).

Shunt Insufficiency
Shunt insufficiency is a significant limitation of TIPSS. Fifty percent of shunts will

become insufficient, i.e., significantly stenosed or blocked within a year of TIPSS inser-
tion (Table 1, Fig. 2) (28), with most episodes resulting from acute thrombosis and lead-
ing to variceal rebleeding, probably as a result of thrombogenic biliary material entering
the shunt (29,30). Early controlled studies revealed a lower incidence of complete occlu-
sion after heparin with no reduction in the reintervention rate (31). A recent study sug-
gested that heparin combined with antiplatelet drugs reduces the risk of stenosis of the
hepatic vein and variceal rebleeding, although no effect was seen for stenosis within the
stent (32).

Table 1
Shunt Insufficiency: Portographic Appearances

Abnormality on portography Frequency (%)

Intimal hyperplasia 60
Hepatic vein stenosis 21
Thrombosis within shunt 6
Occluded shunt 12
Portal vein thrombosis <1%

Fig. 2. Kaplan Meier graph of primary patency of standard stents used for TIPSS (22).



252 Tripathi et al.

Later episodes of shunt dysfunction result from pseudointimal hyperplasia. Regular
invasive portographic surveillance, which is essential for maintaining shunt patency is
not available in all centers, and places an additional burden on resources. Noninvasive
methods of assessing TIPSS patency such as Doppler ultrasound are not as sensitive as
regular portography (33), and studies which used this method had a higher rebleeding
rate (1). In any case, Doppler ultrasound does not allow for interventions, such as balloon
angioplasty and restenting nor the measurement of portal pressure.

Variables identified as predicting shunt insufficiency include PPG pre-TIPSS of >18
mmHg (26), and the presence of diabetes has been shown to be associated with delayed
shunt occlusion (34). A recent study published in abstract form identified stent diameter,
distance of shunt through IVC, duration of the procedure, and portal pressure gradient
post-TIPSS as independent predictors of early shunt insufficiency (35).

The observations that variceal bleeding occurs rarely at PPG < 12 mmHg (36) or if there
is a >25% reduction in the PPG, has led to shunt insufficiency being defined as an increase
in the PPG to >12 mmHg or an increase in the PPG of more than 20% of the immediate
post-TIPSS value if the pre-TIPSS PPG was ≤12 mmHg (27). Primary patency is defined
as patency without intervention. Secondary or assisted patency, defined as patency with
intervention, is more than 70% during a follow-up period of 20 mo in our series (22).

An interesting observation in our experience is that the risk of variceal rebleeding 2 yr
post-TIPSS is very low, even in the presence of shunt insufficiency (22,37). This may
reflect the fact that patients who survive this long post-TIPSS are usually in the better prog-
nostic group, and therefore have a lower risk of variceal bleeding. This finding brings
into question the need for continued portographic surveillance 2 yr post-TIPSS inser-
tion, and merits further study.

THE ROLE OF TIPSS
IN THE MANAGEMENT OF VARICEAL HEMORRHAGE

Variceal hemorrhage is a life-threatening complication of portal hypertension with an
in-hospital mortality between 30% and 60%, depending on severity of liver disease (38).
There has been much research in recent years aimed at finding the best therapy to prevent
and treat variceal hemorrhage. In most centers, endoscopic therapy is instituted as first-
line therapy, with pharmacological therapy such as terlipressin having an important role
(37). Broad spectrum antibiotics should be administered to all patients with cirrhosis
following gastrointestinal hemorrhage, as this has been shown to improve survival (37).
In refractory cases or where the risk of variceal rebleeding is high, TIPSS is utilized (Fig.
3). It terminates variceal hemorrhage in more than 90% of patients, and prevents rebleed-
ing in 80–90% of patients (39). The availability of TIPSS still remains restricted to the
more established units but its availability is increasing. Despite the increasing use of
TIPSS, the number of controlled studies involving the use of TIPSS in the management
of variceal hemorrhage is rather limited. At the present time, there is no evidence to sup-
port the use of TIPSS in the prevention of the first variceal bleed, so TIPSS cannot be rec-
ommended for primary prophylaxis.

Management of Acute Variceal Bleeding
The role of TIPSS in the management of acute variceal hemorrhage as “salvage” ther-

apy is well established. In such cases, patients have been treated with endoscopic methods
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and/or pharmacological therapies without success. Many clinicians would attempt a
second endoscopic procedure prior to referring the patient to specialized centers for a
TIPSS, but this will depend on the severity of the acute bleed. In severe cases where
balloon tamponade is needed to control bleeding, a TIPSS may be indicated at an earlier
stage. Prior to the introduction of TIPSS, patients would have been referred for a surgical
procedure such as esophageal transection, which is associated with a high mortality in
this setting (40). Studies indicate that TIPSS results in control of acute variceal bleeding
in more than 90% of cases (40–54) (Table 2). However, the mortality is high and reflects
the severity of liver disease at the time of TIPSS insertion. In the setting of uncontrolled
variceal bleeding, the rebleeding rate is 18% and mortality is 38%, with most deaths
occurring early (55).

The rather dismal statistics prompted investigators to identify clinical and hemody-
namic variables that could predict poor outcome. Early studies from our unit identified
Child–Pugh score, hyponatremia, pre-TIPSS encephalopathy, and pre-TIPSS PPG > 16
(in alcoholic cirrhotics) to predict mortality post TIPSS (26,56). The role of portal pres-
sure as a predictor of mortality was reinforced by recent studies (57,58). Others have sug-
gested a greater role of the model of end stage liver disease (MELD) as a predictor of early
mortality (59). There still remains some controversy regarding the best prognostic model
following a recent study which failed to identify any single variable to predict mortality
following salvage TIPSS (54). The clinical utility of such models is limited as many clin-
icians even knowing the likely poor outcome would proceed with “salvage” therapy.

Prevention of Variceal Rebleeding
ENDOSCOPIC THERAPIES VS TIPSS

There are 13 trials comparing endoscopic therapies (usually injection sclerotherapy)
with TIPSS for the management of variceal bleeding and especially rebleeding (Table 3)
(60–72). One of these studies has been published in abstract form (72). In most trials,

Fig. 3. Algorithm for the management of variceal bleeding.
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TIPSS was also used to rescue refractory bleeders in the endoscopic therapy arm (60–
62,64–71). The variceal rebleeding rate of 19% in the TIPSS arm compares favorably
with 47% in the endoscopic therapy arm (1). Taking all the 13 trials together, the number
needed to prevent one variceal rebleeding episode is 4 (25). A reduced rate of rebleeding
is demonstrated by all but two studies which showed similar efficacy of TIPSS and endo-
scopic therapy (60,70). The rate of rebleeding appears to be related to the Pugh score,
although the results with surgical shunts are better (73). The majority of rebleeding epi-
sodes are related to shunt insufficiency, which is reflected in the high early rebleeding
rates reported in most trials.

However, there appears to be no benefit of TIPSS over endoscopic therapy in overall
rates of mortality (27.3% vs 26.5%, respectively) (1). The risk of rebleeding and death was
highest in the trials with ⊕40% patients in Pugh class C. A recent retrospective study over
an 11-yr period in our unit identified this group to have a lower mortality than those treated
with endoscopic therapy for variceal hemorrhage (74). The cost of endoscopic therapy
and TIPSS is similar because TIPSS is so much more effective in reducing rebleeding
and the potential need for very expensive ITU care.

PHARMACOLOGICAL AGENTS COMPARED WITH TIPSS
The only publication is a study recently published, that randomized patients to either

TIPSS alone (n = 47) or propranolol and isosorbide-5-mononitrate combination therapy
(n = 44) (75). The TIPSS arm had significantly fewer episodes of rebleeding (13% vs 39%,
p = 0.007), but encephalopathy was significantly higher in the shunted group (38% vs
14%, p = 0.007). Mortality was similar in both groups. The cost of TIPSS was more than
twice that of drug therapy. Interestingly the drug-treated arm has more frequent improve-
ment in the Pugh score during follow-up. This finding is not fully explained by the authors,
and it would have been useful to know how many of the patients with alcoholic liver dis-
ease remained abstinent in each arm.

It should be emphasized that the addition of propranolol to endoscopic therapy does not
confer any benefit over endoscopic therapy alone, although the incidence of encephalop-
athy is less (63,69,76). However, outside of clinical trials it is unlikely that most patients
will comply fully with follow up banding sessions and drug therapy particularly those
patients that have alcoholic cirrhosis.

TIPSS VS SURGERY

The use of surgical shunts is limited by the very high mortality rates in patients with
advanced liver disease. Early experience strongly favored the use of TIPSS over esopha-
geal transection, with the latter associated with a higher mortality and rate of infection (40),
despite similar efficacy as TIPSS in the prevention of variceal rebleeding. This probably
reflects the fact that most patients referred for a TIPSS had advanced liver disease, thus
making such major surgery particularly hazardous. The only randomized controlled study
comparing shunt surgery using a portocaval H-graft with TIPSS revealed more episodes
of variceal rebleeding in the TIPSS arm (11% vs 0%), although the technical success of
the TIPSS procedure was poorer than with most other series (73). It is also noteworthy that
the average portal pressure following TIPSS insertion was high at 25 ± 7.5 mmHg. Others
have looked at distal splenorenal shunt (DSRS) surgery vs TIPSS in a nonrandomized
study of cirrhotic patients in Pugh class A and B (77). The results were in favor of surgery
with lower rates of rebleeding (6.3% vs 25.7%), encephalopathy (18.8% vs 42.9%), and
shunt dysfunction (6.3% vs 68.6%). There was no difference in survival (6.2% vs 5.7%).
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From the limited data it appears that surgery may be better suited to patients in Pugh class
A to B, with TIPSS being used in patients with more severe liver disease who would not
normally be candidates for shunt surgery.

TIPSS FOR THE MANAGEMENT OF GASTRIC VARICEAL BLEEDING

The management of bleeding gastric varices has been a particular challenge to clini-
cians. The risk of bleeding from gastric varices but is less than that of esophageal varices,
the outcome once bleeding has occurred is worse, particularly for isolated gastric varices
(IGV) (78).

Historically, the management of gastric variceal bleeding has been suboptimal. Endo-
scopic measures have met with varying degrees of success (79,80,38). Iatrogenic compli-
cations such as embolic phenomena and the potential for equipment damage may limit the
use of tissue adhesives (81,82). Thrombin seems to be promising (83), but large multi-
center controlled trials have yet to emerge (84,85). Two of the previous studies have used
bovine thrombin, which has the potential risk of prion transmission (83,84). Surgical shunts
may be of value in patients with early liver disease (86), but have the disadvantage of high
mortality in patients with advanced liver disease particularly in the emergency setting.

Owing to gastric variceal hemorrhage being relatively uncommon, there are no con-
trolled trials and only few studies assessing the efficacy of TIPSS in bleeding gastric
varices. The complications of TIPSS such as encephalopathy and shunt dysfunction are
also similar. TIPSS has recently been studied in the management of refractory bleeding
from gastric varices and results suggest that TIPSS is effective in the arresting hemorrhage
from and prevention of rebleeding from gastric varices (42,87). In a retrospective study
we found that TIPSS had similar efficacy in the prevention rebleeding irrespective of
whether they were from esophageal or gastric varices (17). Like others we found that the
PPG pre-TIPSS was significantly lower for patients who bled from gastric varices com-
pared with esophageal varices (15.8 ± 0.8 vs 21.4 ± 0.5 mmHg, p < 0.001). This may be
as a result of the development of gastrorenal portosystemic shunts (88). This study also
highlighted the significant number of patients who bleed at PPG < 12 mmHg, particu-
larly from gastric varices. It may be that factors other than portal pressure such as variceal
size and variceal wall tension (89) play an important part in the risk of variceal bleeding
in patients with PPG of < 12 mmHg. It is also true that portal pressure directly affects the
variceal wall tension, and attempts to reduce the portal pressure by a TIPSS will be bene-
ficial. Interestingly, there was a significant difference (p < 0.05) in favor of the gastric
varices group in the 1-yr mortality (30.7% vs 38.7%) and 5-yr mortality (49.5% vs 74.9%),
particularly in those patients that bled at PPG > 12 mmHg. This chapter emphasizes the
influence of portal pressure on mortality as discussed above.

NEW DEVELOPMENTS

TIPSS in Combination with Other Therapies
One of the limitations of TIPSS is the high incidence of shunt insufficiency and the

need for lifelong invasive portography and intervention. There have been two recent
studies investigating the effect of adjuvant drug therapy in patients with an insufficient
TIPSS (90,91). The administration of intravenous propranolol in the presence of an insuf-
ficient TIPSS resulted in a significant reduction in the PPG of 30%, although the effect
was not so pronounced in those patients with severe shunt insufficiency. A second study
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confirmed these finding with propranolol, although no effect was seen with nitrates. Both
these studies were uncontrolled, and no data were available on the incidence of variceal
bleeding. If controlled studies are favorable, the addition of drug therapy to reduce the need
for shunt surveillance sounds attractive. However, it is likely only to be of temporary
benefit. In addition, the side effect profile of propranolol is not favorable in our experience,
and compliance could be a major problem (92).

The alternative strategy is to combine variceal banding ligation (VBL) with TIPSS.
VBL is associated with a high rate of rebleeding particularly in the month following the
index variceal bleed (68). However, once the varices have been eradicated, VBL may be
as effective as a patent TIPSS in preventing variceal rebleeding. Thus, following variceal
eradication in a patient with a TIPSS, it may not be necessary to continue TIPSS surveil-
lance to maintain TIPSS patency and may potentially reduce the risk of hepatic encephalop-
athy. This hypothesis was tested in a recent randomized controlled trial comparing long-
term portographic follow-up vs VBL following TIPSS for preventing esophageal variceal
rebleeding (93). It was found that terminating TIPSS surveillance following eradication
of esophageal varices did not increase the rebleeding rate or mortality, but has the poten-
tial to reduce the risk of hepatic encephalopathy. The combination of VBL and short-
term TIPSS surveillance is therefore an attractive alterative to standard TIPSS surveillance
for patients who present with an esophageal variceal bleed, particularly where facilities
for TIPSS portography are limited or if patients are encephalopathic prior to TIPSS.

Covered Stents
The idea of covering the stent to reduce clotting and intimal hyperplasia, comes from

cardiovascular medicine where it has been successful. Early results with covered TIPSS
using Dacron were rather disappointing, possibly owing to its nonbiocompatible nature
(94). Subsequent studies using polytetrafluoroethylene (PTFE) have been more success-
ful. The Viatorr endoprosthesis is made of titanium, which supports a reduced perme-
ability expanded PTFE graft with a bile resistant membrane. It comprises a 2-cm unlined
distal section, and a lined section available in 4–8-cm lengths, separated by a radio opaque
marker (Fig. 4A). It is available in 8, 10, and 12-mm diameters. Unlike uncovered stents
(Fig. 4B), the length of the tract is determined prior to stent deployment. This is mea-
sured using a catheter with markings at 1-cm intervals. The aim is to cover the entire tract
from the portal vein entry point to the IVC (Fig. 5A,B). This is likely to favor the patency
of the Viatorr stents by reducing the risk of hepatic vein stenosis. Encouraging results in
animals (95,96) have been reproduced in humans in small uncontrolled studies (97–104).
Overall, the results are impressive, with primary patency rates between 80% and 100%.
Our results on 100 patients with the Viatorr endoprosthesis showed a primary patency
of 92% (Fig. 6), and variceal rebleeding rate of 9.5% over an average follow-up period
of 10 mo. The rates of encephalopathy were comparable to standard uncovered TIPSS. The
main reasons for shunt insufficiency seem to be inadequate covering of the tract in the hep-
atic vein, resulting in hepatic vein stenosis. In some cases, we had to use an uncovered stent
to extend the tract to the hepatic vein, and this was another source of shunt insufficiency.
However, the absence of shunt thrombosis in our series is remarkable. Interim results
of a randomized controlled trial also show excellent shunt patency (105). Clearly, if in
the final analysis the results are favorable, there may be much reduced need for long-term
portographic surveillance.
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A potential complication of PTFE-covered stents is the development of segmental
hepatic ischemia, which has been reported in a small number of patients (106,107). This
arises from extending the tract to the hepatic vein almost as far the IVC, resulting in a
partial Budd–Chiari-like syndrome. Some patients reported abdominal pain, and were
found to have abnormalities on the CT scan. In all cases, patients were managed conserva-
tively, and did not have long-term complications. We have had experience of one asymp-
tomatic patient who was noted to have an abnormal area of low attenuation in a CT scan.
These changes resolved on further scanning 3 mo later, probably as a result of collaterals.
It is, therefore, important to bear in mind this complication, particularly because there
is the need to extend the tract to the hepatic vein to ensure good patency.

CONCLUSION

The ideal management of acute variceal bleeding is still unclear and is affected by the
availability of local facilities and expertise. In addition to pharmacological and endosco-

Fig. 4A–B. Viatorr Gore stents (A). The 2-cm uncovered end extends to the portal vein. A standard
Wallstent is shown for comparison (B).
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pic therapies, TIPSS has an important role for managing esophageal variceal bleeding,
both as salvage therapy and as secondary prophylaxis. However, the evidence surround-
ing the treatment of gastric varices is poor with little consensus on the best treatment.
The lack of controlled trials reflects the much lower incidence of gastric variceal bleed-
ing. Our experience is favorable, and we would recommend TIPSS for patients who
present with bleeding gastric varices and a patent portal vein. The problems of increased
encephalopathy and invasive portographic surveillance could be potentially overcome
by the combination of short-term TIPSS surveillance and VBL. The latest PTFE covered
stents promise superior patency, although controlled studies comparing these shunt with
uncovered stents are lacking. In the future, it is likely that TIPSS insertion will be “pre-
scribed,” in terms of target pressure, type of stent to be used, TIPSS with or without porto-
graphic surveillance, and whether or not ancillary measures such as the need for adjuvant
endoscopic or pharmacological therapies.
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INTRODUCTION

Approximately 10% of portal hypertension-related gastrointestinal hemorrhage occurs
from lesions in the stomach. These lesions are mainly gastric varices and, less commonly,
portal hypertensive gastropathy and gastric vascular ectasia. Bleeding from varices other
than esophageal or gastric, termed ectopic varices, is infrequent and accounts for fewer
than 5% of all portal hypertension-related bleeding.

In this chapter, we review the clinical features and management of gastric varices, portal
hypertensive gastropathy, gastric vascular ectasia, and ectopic varices.

GASTRIC VARICES

Gastric varices may form as a result of portal hypertension from intrahepatic disease or
from extrahepatic portal venous thrombosis. The fundus of the stomach drains via short
gastric veins into the splenic vein. Splenic vein thrombosis, also called sinistral portal
hypertension, results in isolated gastric varices, that is, gastric varices without esopha-
geal varices. On the other hand, gastric veins may connect to the esophageal submucosal
veins leading to the formation of gastroesophageal varices with shunting into the azygous
venous system.
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Gastric varices are classified according to location and relationship to esophageal
varices. According to Sarin’s classification of gastric varices (1) (Fig. 1): gastroesopha-
geal varices type 1 (GOV1) are contiguous with esophageal varices and extend 20–50 mm
below the gastroesophageal junction; gastroesophageal varices type 2 (GOV 2) occur in
the fundus of the stomach, contiguous with esophageal varices; isolated gastric varices
type 1 (IGV 1) occur in the fundus of the stomach in the absence of esophageal varices;
and isolated gastric varices type 2 (IGV2) or ectopic gastric varices may be found in the
gastric body, antrum or pylorus; or in the proximal duodenum.

Causes of Gastric Varices
Gastric varices may be primary or secondary. If diagnosed on initial diagnostic endos-

copy, gastric varices are termed primary; if found after treatment with sclerotherapy or
band ligation of esophageal varices, they are termed secondary. The prevalence of gas-
tric varices in patients with portal hypertension is approx 25% (range 7–57%), and the
most common type is GOV 1. Both GOV 1 and GOV 2 are seen most commonly with intra-
hepatic causes of portal hypertension, whereas splenic vein thrombosis usually results
in isolated gastric fundal varices (IGV1). The most common cause of IGV1 is actually
intrahepatic portal hypertension, as in cirrhosis of the liver. IGV2, or ectopic gastric varices,

Fig. 1. Classification of gastric varices. GOV1 denotes varices type 1 located in the cardia are an
extension of esophageal varices that extend 20–50 mm below the gastroesophageal junction. GOV2
denotes gastric varices type 2, are located in the fundus, and are present in association with esoph-
ageal varices. IGV1 denotes isolated gastric varices located in the fundus without association with
esophageal varices. IGV2 denotes isolated gastric varices or ectopic gastric varices and may occur
in the body, antrum, pylorus, or upper duodenum.
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are most commonly seen in the antrum alone or with varices in the duodenum, fundus or
body of the stomach (1).

Natural History of Gastric Varices
Gastric varices (GV) occur later in the course of portal hypertension and most often

after the appearance of esophageal varices (1). The most common type of GV is GOV1
(70%), which occurs concurrently with large esophageal varices. Bleeding is more com-
mon from GOV2 and IGV 1, that is, fundic varices, than from GOV1 or IGV2 (1–3). Bleed-
ing rates from gastric and esophageal varices are probably comparable (1). In most cases
of GOV1, once esophageal varices are obliterated, contiguous GV also disappear. Mor-
tality is higher if GV persist in spite of obliteration of esophageal varices. Six times as
many subjects with secondary GOV2 die compared to primary GOV2. This may be a
reflection of more advanced liver disease and portal hypertension of long-standing patients
with secondary GOV 2. Bleeding from isolated fundal gastric varices (IGV1) is usually
massive. Ectopic gastric varices are rarely primary and seldom bleed.

Management of Gastric Varices
The management of patients with gastric varices has not been well defined. Hence, there

is much variability in how patients are treated.

Control of Acute Gastric Variceal Hemorrhage
The goals of therapy should be to control acute bleeding and prevent early rebleeding,

which is associated with high mortality. Prompt volume resuscitation is critical because
gastric variceal hemorrhage may be profuse and associated with hemodynamic instabil-
ity. Overtransfusion should, however, be avoided because of the risk of rebound portal
hypertension that could result in early rebleeding. Antibiotic prophylaxis with norflox-
acin is recommended because variceal hemorrhage is associated with a risk of bacterial
infection. Endoscopic diagnosis of acute gastric variceal bleeding may be difficult because
of poor visualization from active bleeding or pooled blood. However, the diagnosis should
be based on visualization of bleeding from a gastric varix, the appearance of blood at the
esophagogastric junction or in the gastric fundus, in the presence of gastric varices, or
the presence of the “white nipple sign” on gastric varices in the absence of other sources
of bleeding in a patient with upper gastrointestinal bleeding, and gastric varices in the
absence of other lesions (4). Medical management with vasoactive agents and endosco-
pic therapy may be beneficial in these patients. In cases where there is failure to control
bleeding using endoscopic therapy, balloon tamponade may occasionally be helpful to
control bleeding (5).

Current vasoactive agents in use are vasopressin, terlipressin, somatostatin, and its
analogs. Vasopressin, a potent vasoconstrictor that acts on the splanchnic and systemic
circulation, has fallen out of favor because of association with cerebral and cardiac ische-
mia. When vasopressin is used concomitantly with nitroglycerine, there is additional
reduction in portal pressure. Terlipressin, an inactive pro-drug not available in the United
States, is converted by the liver to lypressin, which has actions similar to vasopressin. The
slower release results in fewer cardiac and vascular ischemic events. Because of the bene-
ficial effects of terlipressin in the control of acute esophageal variceal hemorrhage, this
drug may be recommended in the management of gastric variceal bleeding. The recom-
mended dose is 2 mg intravenously every 4–6 h (6,7). Both somatostatin and octreotide
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reduce portal pressure by causing splanchnic vasoconstriction, thereby reducing portal
flow. However, their effectiveness in controlling acute gastric variceal hemorrhage is
unknown. Octreotide has a longer duration of action than somatostatin and is available
for clinical use in the United States. The dose of octreotide is 50 µg as a continuous infu-
sion for up to 5 d. Octreotide is safe and selective in its vasoconstricting properties, and
has essentially replaced less-favorable vasoconstricting agents, such as vasopressin in the
United States. Vasoactive agents ideally should be started at least 30 min before the onset
of upper gastrointestinal endoscopy.

 Endoscopic Therapy
The preferred endoscopic therapy for gastric variceal bleeding is injection of tissue

adhesives (polymers of cyanoacrylate) into the gastric varices (8–13). Unfortunately, such
tissue adhesives (“glue”) are not available in the United States. Injection of tissue glues
into the varix is hampered by pooling of blood in the gastric fundus that obscures proper
visualization. Immediate obliteration of varices occurs after injection of the adhesive
that hardens on contact with blood. The overlying mucosa eventually sloughs off, occa-
sionally causing an ulcer. Compared to endoscopic sclerotherapy-related ulcers, these
ulcers occur later and the risk of bleeding is lower. Hemostasis is achieved in approx 90%
cases; early rebleeding is lower in comparison with other endoscopic treatment modali-
ties, and the number of endoscopy sessions to achieve obliteration is fewer (8–10).

In the management of bleeding gastric varices, a higher mortality and more complica-
tions have been found with band ligation compared with butyl cyanoacrylate injection
(12). There is no difference in rebleeding, obliteration rate or number of sessions needed
for obliteration. These results are similar to findings obtained by earlier investigators (14).
Although cyanoacrylate injections have been shown to be safe and effective in the control
of acute bleeding (8,12,14), there are complications associated with the procedure, namely
bacteremia, variceal ulcers leading to rebleeding, and dysphagia. There have also been
reports of cerebral and pulmonary embolism. In addition, damage to the endoscope by the
glue may occur, but this is less if silicone gel or lipiodol are used and suction is avoided
for 10–20 s after injection. In a recent study, cyanoacrylate and alcohol sclerotherapy were
found to have similar initial arrest of gastric variceal bleeding and mortality (13).

Sclerotherapy is performed with a flexible endoscope in the straight-end-on technique
for GOV1 or in retroflexion for the GOV2 or IGV 1, using intravariceal methods of injec-
tion. The traditionally used sclerosants for the treatment of esophageal varices, such as
sodium tetradecyl sulfate, ethanolamine oleate, and sodium morrhuate have not been
proven to be effective in the management of gastric variceal hemorrhage (15). The suc-
cess of sclerotherapy in controlling bleeding is mixed, and appears to be dependent on
the location of the gastric varices. Some investigators have reported bleeding is easier
to control when due to GOV 1 as compared to GOV2 (17). Others conclude that bleeding
from both GOV1 and GOV2 are controlled equally well with endoscopic sclerotherapy
(14,17). The variable results probably reflect varying degrees of expertise. Sclerotherapy
of gastric varices is limited by the development of ulcers at the site of injection. These
ulcers usually occur before obliteration is attained and are deep, consequently resulting
in rebleeding that is difficult to control (15,17).

It is difficult to assess the efficacy of band ligation for gastric varices because most
studies have been performed with small sample sizes. Band ligation to control active gas-
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tric variceal bleeding may be successful in up to 90% of subjects (14). In cases of acute
bleeding from gastric varices, approx 50% of GOV1 disappear when esophageal varices
are obliterated with banding ligation or sclerotherapy (16).

Transjugular Intrahepatic Portosystemic Shunt (TIPS)
TIPS has been shown to be effective in the management of acute gastric variceal hemor-

rhage (19–22). TIPS may be used during the acute setting if endoscopic therapy has failed
or is not feasible either due to profuse bleeding or location of varices. In such settings,
balloon tamponade may be used as a temporizing measure to prevent exsanguination until
TIPS can be arranged on an emergency basis. TIPS is safer in patients with advanced liver
disease than emergency decompressive surgery, which is associated with a high mortality
rate of 70–90%. It is, however, well worth noting that patients with high MELD scores that
reflect high bilirubin, creatinine, and prothrombin time are associated with increased
mortality (23). Hence, TIPS should be inserted in patients as a bridge to transplantation,
or in selected subjects with advanced liver disease who are not transplant candidates but
in whom the benefit of the procedure exceeds the risk of acute liver failure.

A recent study has compared the cost-effectiveness of endoscopic therapy and TIPS
(24). However, it is difficult to draw conclusions because of the retrospective nature of
the study and the fact that patients were not randomized to the different therapies.

Prevention of Gastric Variceal Rebleeding
There are no large, well-conducted studies on the ability of pharmacological therapy

or endoscopic therapy to prevent rebleeding. Analyses of studies, largely retrospective,
on the use of cyanoacrylate glue in the prevention of gastric variceal bleeding demonstrate
efficacy of the procedure in the obliteration of gastric varices. However, in the absence of
a control group, no conclusions can be drawn regarding efficacy in reducing rebleeding or
reducing mortality. Within the United States, the preferred modality for prevention of
rebleeding from gastric varices is a portosystemic shunt, either surgical or TIPS. This is
because of the lack of availability of cyanoacrylate glue, the lack of evidence supporting
the efficacy of pharmacological therapy such as nonselective β-adrenergic blockers (25),
and the high mortality and morbidity associated with rebleeding.

Cyanoacrylate may be used to obliterate gastric varices after the index episode of bleed-
ing (26). An average of three sessions are required for obliteration of gastric varices with
low rebleeding rates and 1-yr survival of 77%. Small studies have been performed using
detachable snares and a combination of gastric variceal band ligation with transvenous
occlusion of gastric varices (29–31). The high success rate of these studies may reflect
reporting bias. Such therapies cannot be recommended outside of clinical trials.

Splenectomy is curative in patients with isolated splenic vein thrombosis. The most
popular surgical shunts are the distal splenorenal shunt and the calibrated portocaval shunt
(27,28). Surgical shunts should be carried out in patients with Child–Pugh class A status.
TIPS is inserted in patients with more advanced liver disease (Child’s class B or C) as a
bridge to transplantation and also in patients with advanced liver disease who are not liver
transplant candidates. Following TIPS, there is a reduction in episodes of gastric variceal
bleeding even though the varices may continue to be visualized on endoscopy. If the patient
is not a suitable candidate for portosystemic shunting, then nonselective β-adrenergic
blockers may be used.
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In general, there is a pressing need for more appropriate randomized, controlled trials
to assess the efficacy of glue injection, TIPS, and surgical shunts for the management
of gastric varices (32).

PORTAL HYPERTENSIVE
GASTROPATHY AND GASTRIC VASCULAR ECTASIA

The mucosal changes in the stomach of patients with portal hypertension include
portal hypertensive gastropathy (PHG) and gastric vascular ectasia. It is not clear whether
these lesions are related to portal hypertension per se, the hyperdynamic circulation,
liver dysfunction, or a combination of factors. Response to TIPS and liver transplanta-
tion would suggest that portal hypertensive gastropathy is more related to portal hyper-
tension, whereas vascular ectasia is related to liver failure.

The underlying mechanism of portal hypertensive gastropathy is unclear. PHG is more
prevalent with longer duration of cirrhosis but does not correlate with the degree of hep-
atic synthetic dysfunction. It has been postulated that there is increased permeability of
the gastric mucosal microvessels mediated by endothelin-1 (33), overexpression of nitric
oxide synthase (34), and by increased oxidative stress in the gastric mucosa of cirrhotics
(35). Nitric oxide (NO) inhibition, in experimentally induced portal hypertension, has
been associated with decreased gastric mucosal blood flow. NO overproduction in cirrho-
sis may then predispose the gastric mucosa to injury by free radicals (36).

PHG is primarily an endoscopic diagnosis based on the presence of a mucosal mosaic-
like pattern (MLP) and red-point lesions (RPLs). MLP is described as the presence of small
polygonal areas with surrounding whitish-yellow depressed border. RPLs are round lesions
usually > 2 mm in diameter that protrude slightly into the lumen of the stomach. Brown
spots are irregularly shaped spots that persist even after washing but are not specific for
PHG.

PHG may be graded according to the types of endoscopic lesions that are present.
PHG is considered mild when only MLP of any degree is present (Fig. 2). Severe PHG
is characterized by discrete red spots in association with a mosaic appearance of the back-
ground mucosa (Fig. 3) (37–40). It is also worth noting that PHG is a dynamic process
that may endoscopically progress or regress over time (41,42). The presence of red spots
on a background of mosaic pattern and in a predominantly proximal distribution favors
PHG. In gastric vascular ectasia (GVE), there is no background mosaic pattern and the dis-
tribution is largely antral, though lesions may be present in the proximal stomach. Whether
sclerotherapy results in an increased risk of bleeding from PHG is unclear. The presence
of gastric varices has been inconsistently shown to be protective (41,42) of PHG-related
bleeding.

GVE is a unique clinical entity with distinct endoscopic and histological features (43,
44). It may be associated with PHG (42). Endoscopically, GVE appear as aggregates of
ectatic vessels confined to the antrum of the stomach [gastric vascular antral ectasia or
(GAVE)], or diffusely distributed in the antrum or proximal stomach. When the aggregates
are in a linear pattern in the gastric antrum they are also termed the watermelon stomach
(Fig. 4). The histological presence of dilated mucosal capillaries with focal areas of fibrin
thrombi or ectasia in conjunction with spindle cell proliferation favors a diagnosis of GVE.
It should be noted that the endoscopic features correlate well with histology and, there-
fore, a biopsy is only needed if the endoscopic diagnosis is unclear.



Chapter 18 / Management of Gastric Varices 273

Fig. 2. Gastric varices. Actively bleeding gastric varix (left panel); the same gastric varix after injec-
tion of cyanoacrylate (right panel). (Illustration appears in color following p. 112.)

Fig. 3. Severity of portal hypertensive gastropathy. Mild portal hypertensive gastropathy represents
endoscopic features of a mosaic-patterned mucosa in a patient with portal hypertension. Severe
portal hypertensive gastropathy represents red marks on mucosa with a mosaic background, or red
marks of any type. (Illustration appears in color following p. 112.)
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Management of Portal Hypertensive Gastropathy
The largest prospective study suggests that PHG accounts for 25.8% of all bleeding

and for 9.8 % of all acute bleeding (41). The prevalence of acute PHG-related bleeding
may, however, be even higher (42,45).

Octreotide has been used in the management of acute gastrointestinal bleeding related
to PHG (46). Iron therapy and β-adrenergic blockers are the initial therapies to control
chronic blood loss in patients with severe PHG. β-Adrenergic blockers reduce gastric muc-
osal perfusion, in addition to reducing portal pressures and, therefore, probably decrease
bleeding risk of PHG (47). However, this has not been consistently shown by others (41,
42,48–50). In contrast, TIPS, by effectively decompressing the portal system, has been
shown to correct bleeding and cause regression of endoscopic changes associated with
PHG (51). TIPS should be considered for those patients who are transfusion dependent
in spite of therapy with β-adrenergic blockers.

Management of Gastric Vascular Ectasia (Fig. 5)
The management of gastric vascular ectasia is more problematic. Iron replacement

and blood transfusions are required for patients who become symptomatic from anemia.
When the lesion is localized, the platelet count is greater than 45,000/µL and the INR <
1.4, and local thermoablative procedures, such as argon plasma coagulation (APC) may
be helpful. APC is used at a setting of 65 W at 0.9 L/min gas flow. When neodymium:
yttrium-aluminum-garnet (Nd:YAG) lasers are used, the setting is 50–60 W. If this fails,
or if the lesion is diffuse, estrogen–progesterone combination therapy may be beneficial.
Estrogen–progesterone combination has been shown to stop bleeding and reduce the

Fig. 4. Gastric antral vascular ectasia. Linear aggregates of ectatic vessels in the antrum of the
stomach. (Illustration appears in color following p. 112.)
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transfusion requirements in selected cirrhotic patients with GAVE (52). Thermocoagu-
lation is, unfortunately, associated with mucosal bleeding in many patients. Antral resec-
tion is carried out in patients with preserved hepatic synthetic function who are transfusion
dependent and who have continued bleeding, in spite of thermal ablation therapy and
estrogen–progesterone combination. TIPS does not reduce the bleeding risk in patients
with GVE and is associated with a high risk of encephalopathy. Therefore, TIPS cannot
be recommended as therapy for GVE. Reversal of GVE with liver transplantation even
in the presence of persistent portal hypertension strongly suggests that GVE is related
to liver failure (53,54).

ECTOPIC VARICES

Ectopic varices refer to portosystemic venous collaterals that are located outside the
esophagus and stomach. Ectopic varices account for 1–5% of all variceal related bleed-
ing. Manifestation may be unusual, and include, hemoperitoneum, hemobilia, or hema-
turia. Collaterals are more apt to form in the duodenum and colon. The distribution of
ectopic varies depend, in part, on the etiology of portal hypertension. Duodenal varices
are more prevalent in cases of extrahepatic portal hypertension except in the western
hemisphere where intrahepatic portal hypertension is a more common cause of duodenal
varices. In addition, in the presence of intrahepatic portal hypertension, the most com-
mon site of bleeding from ectopic varices is duodenal varices. Duodenal varices form
as a result of dilated pancreaticoduodenal veins which connect with retroduodenal veins
draining into the inferior vena cava (55,56). The clinical presentation is melena, hemato-
chezia, or hematemesis in patients with portal hypertension in whom endoscopy has not

Fig. 5. Diffuse gastric vascular ectasia. (Illustration appears in color following p. 112.)
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revealed a source of bleeding in the esophagus or stomach. Diagnosis is usually accom-
plished with endoscopy, but the problems with diagnosis arise from the concomitant
presence of esophagogastric varices to which the bleeding may be erroneously attributed.
Stomal varices represent collaterals around the bowel stoma in patients with portal hyper-
tension (57). These varices result from venous–venous collaterals that form between the
high-pressure portal system and the systemic circulation and usually develop at the level
of the mucocutaneous border of the stoma. In addition to the obvious oozing of blood
from the stoma, there is usually a bluish halo surrounding it.

Management of Bleeding from Ectopic Varices
There have been few studies done on the management of patients with ectopic variceal

hemorrhage. The approach to management depends on the anatomic location of the source
of bleeding.

Somatostatin and its analog, octreotide, may be used in the acute setting, as in cases of
esophagogastric variceal hemorrhage. If a bleeding site is identified by endoscopy, then
endoscopic management may be attempted. The results of treatment with sclerosants in

Fig. 6. Algorithm for the management of acute gastric variceal bleeding.
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the duodenum have been varied, and this is most probably a result of the large varices
in this area that dilute the sclerosants, thereby diminishing the obliterative effects. Oblit-
eration with tissue adhesives has been successfully achieved by using cyanoacrylate or
thrombin/sclerosant (55,58,59). Patients with bleeding stomal varices are easily managed
with local compression if the site of bleeding is apparent by examining the stoma. The mor-
tality rate from bleeding from stomal varices is low, 3–4%, compared with other types
of varices (60). If local therapy fails, then transhepatic obliteration of the bleeding stomal
varices or TIPS placement (61) may be undertaken.

There are limited data on the use of nonselective β-blockers for prevention of rebleed-
ing from peristomal varices (62–65). Another approach to control bleeding is embolo-
therapy (65), but only when the portal venous system is patent. Embolization involves
occlusion of the varices using a transhepatic approach to the portal venous system, and
is able to control bleeding in most cases. Rebleeding is high because the portal system has
not been decompressed. During embolotherapy the feeding vein is occluded by steel coils,
thereby diverting blood into the systemic system. TIPS is also an option in these patients,
if embolization fails to prevent rebleeding. Portosystemic shunting with surgery is the
preferred route for patients with Childs–Pugh class A cirrhosis, and in those with portal
hypertension from extrahepatic portal vein thrombosis who have a suitable vein for use
in a portosystemic shunt. Only nonselective portosystemic shunting using portocaval,
mesocaval or central splenorenal shunts will adequately decompress stomal varices.

The outcome of patients who bleed from intraabdominal varices has been dismal. These
collaterals may bleed into the peritoneal cavity, mimicking worsening ascites. Diagno-

Fig. 7. Algorithm for the management of chronic bleeding from portal hypertensive gastropathy.
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Fig. 8. Algorithm for the management of chronic bleeding from gastric vascular ectasia.

sis can be confirmed by paracentesis or cross-sectional imaging. Management of these
patients is difficult and further compounded by the presence of cirrhosis. The aim of
treatment is control of the acutely bleeding site by transhepatic obliteration of the varices,
angiographic embolization, or surgical ligation of the bleeding varix. The latter proce-
dure, however, has a high associated mortality and TIPS may then be an alternative.

SUMMARY

Management of bleeding from gastric varices, PHG, GVE, and ectopic varices has not
been adequately addressed in randomized controlled trials. Our recommendations are
summarized in Figs. 6–9. The management of bleeding gastric varices poses a dilemma
for most clinicians since the armamentarium for treatment is limited. It appears that oblit-
eration of gastric varices with tissue adhesives is safe and efficacious in the acute man-
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agement of gastric variceal hemorrhage. Prevention of rebleeding from gastric varices
is best carried out with portosystemic shunts. PHG and GVE are in all likelihood distinct
lesions, with only PHG responding to portal decompressive measures.

Although there are few studies done in the management of ectopic varices, recogni-
tion of this complication in patients who have portal hypertension is important, because
this facilitates prompt therapy.
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Color Plate 1, Fig. 1. (See full caption and discussion in Ch. 3, p. 41). Endothelin synthesis in
normal and injured liver.



Color Plate 2, Fig. 2. (See full caption and discussion in Ch. 3, p. 43). Signaling pathways in
sinusoidal endothelial cells.

Color Plate 3, Fig. 2. (See caption and discussion in Ch. 18, p. 273). Gastric varices. Actively
bleeding gastric varix (left panel); the same gastric varix after injection of cyanoacrylate (right panel).



Color Plate 4, Fig. 3. (See full caption and discussion in Ch. 18, p. 273). Severity of portal
hypertensive garstopathy.

Color Plate 5, Fig. 4 (Left) (see full caption and discussion in Ch. 18, p. 274). Endothelin synthesis
in normal and injured liver. Fig. 5 (Right) (see full caption and discussion in Ch. 18. p. 275). Diffuse
gastric vascular ectasia.



Color Plate 6, Fig. 2. (See full caption and discussion in Ch. 29, p. 488). Potential targets for
antifibrotics and agents that modulate intrahepatic vascular resistance.
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CLINICAL FEATURES

Ascites, the accumulation of fluid in the peritoneal cavity, is the most common com-
plication of cirrhosis and portal hypertension (1). In a prospective study of patients with
compensated cirrhosis of all etiologies, the cumulative probability of developing ascites
ranges from 35% to 50% in 5 yr (1,2). Although cirrhosis is the cause of ascites in more
than 75% of patients, other less common causes of ascites are peritoneal malignancy
(12%), cardiac failure (5%), and peritoneal tuberculosis (2%) (3), and these should be con-
sidered in the differential diagnosis of ascites. With the increasing use of in vitro fertiliza-
tion, ascites secondary to severe ovarian hyperstimulation syndrome is being increasingly
recognized (4).

History
The most frequent symptoms associated with the presence of ascites are the patient’s

perception of increased abdominal girth (the patient will note tightness of the belt or
garments around the waist) and recent weight gain (5). It should be noted that weight gain
may not be observed sometimes because of concomitant loss of lean body mass. Ankle
swelling is also a frequent historical item (5). As fluid continues to accumulate, it leads
to diaphragm elevation that may cause shortness of breath. Fluid accumulation may also
be occasionally associated with a feeling of satiety and generalized abdominal pain. The
rapid onset of symptoms in a matter of weeks helps to distinguish ascites from obesity,
which develops over a period of months to years.
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Umbilical hernias develop in about 20% of cirrhotic patients with ascites (a rate sig-
nificantly greater than 3% in patients without ascites) and may increase to up to 70% in
patients with long-standing recurrent tense ascites (6). The main risks of these hernias
are rupture (7) and incarceration, a complication that has been observed mostly in patients
in whom ascites is resolved after paracentesis or peritoneovenous shunt (8) or after trans-
jugular intrahepatic portosystemic shunt (9).

Pleural effusion (hepatic hydrothorax) develops in about 5% of patients with cirrhosis
(10) and although it usually develops in patients with ascites, hepatic hydrothorax may
develop in patients without detectable ascites (11). Pleural effusion is right-sided in 85%,
left-sided in 13%, and bilateral in 2% of the cases (12).

In addition to symptoms associated to the presence of ascites, patients should be ques-
tioned regarding risk factors for cirrhosis, including alcohol consumption, risk factors
for viral hepatitis C and B, family history of liver disease, risk factors for nonalcoholic
steatohepatitis, and a previously diagnosed liver disease.

In patients who do not appear to have cirrhosis as the cause for ascites, history should be
elicited to look for other causes. It is important to keep in mind that approx 5% of patients
will have more than one cause of ascites, such as cirrhosis and heart failure, tuberculous
peritonitis, or malignancy (13).

Physical Examination
Patients in whom ascites is suspected based on their history should be examined to

determine whether peritoneal fluid is, in fact, present and, if so, to determine the etiology
of ascites.

FINDINGS DEPENDENT ON THE PRESENCE OF ASCITES

Physical examination is relatively insensitive for detecting ascitic fluid, particularly
when the amount is small and/or the patient is obese. It is generally stated that patients
must have at least 1500 mL of fluid to be detected reliably on physical examination. In
a prospective study, ultrasound confirmed the presence of ascites in 82% (9/11) of cases
in which physicians had determined that ascites was present and confirmed the absence
of ascites in 94% (33/35) of cases in which physicians had determined that ascites was
not present (5). In 16 equivocal cases (26% of total), ascites was absent on ultrasound
in 13 (81%), a rate that is similar to the one obtained in another small study of 21 patients
with questionable ascites, 15 (71%) of whom did not have ascites on ultrasound (14).
Therefore, the clinical diagnosis of ascites will be questionable or incorrect in roughly
a third of the cases.

INSPECTION

Ascites induces abdominal distention but this sign in itself has a poor specificity (15)
because other conditions, including obesity, gas, tumors, and pregnancy will also induce
abdominal distention. In cirrhosis, gaseous distention may occur as a result of the use
of lactulose. When present in smaller amounts, ascites can be identified by bulging flanks.
There is often diastasis of the abdominal recti muscles and/or umbilical hernia, indica-
tive of the presence or history of tense ascites.

PALPATION

The fluid wave sign has the poorest sensitivity in the diagnosis of peritoneal fluid, even
though its specificity is high (5,14,15). By the time a fluid wave can be elicited, ascites
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is usually massive and its presence is obvious. Identification of organomegaly or a mass
within the ascitic abdomen can be difficult and should be explored by using the balloting
method, by which one bounces ones fingers over the abdominal surface with a brief jabbing
movement directly over the anticipated structure (e.g., if one is looking for hepatomegaly,
balloting should be performed over the right upper quadrant). The presence of a ballotable
liver is a good indicator of the presence of ascites (5).

PERCUSSION

In the presence of bulging flanks, flank dullness should be elicited by percussing out-
ward in several directions from a tympanitic area with the patient supine. The presence of
flank dullness is one of the most sensitive physical maneuvers in the diagnosis of ascites,
and its absence can rule out ascites with more than 90% accuracy (14). When flank dull-
ness is detected, it is useful to see whether it shifts with rotation of the patient (shifting
dullness). In a large prospective study, shifting dullness was found to be the most sensitive
finding (compared to abdominal distension, bulging flanks, and fluid wave) (15). The
puddle sign had been reported to detect as little as 120 mL of peritoneal fluid, however,
it is cumbersome, patients find it uncomfortable, and its practice is no longer recom-
mended (16). In cases of abdominal distension from causes other than ascites, percus-
sion will facilitate the differential diagnosis. When it is caused by gaseous distention, the
abdomen will be tympanitic, in obesity percussion will be normal, a large solid tumor and
pregnancy will yield a dull percussion in the center and tympany in the periphery (reverse
of ascites).

AUSCULTATION

In a recent pilot study, bowel sound recordings through an electronic stethoscope
showed that the bowel sound pattern distinctly separated patients with a small amount of
ascites and patients without ascites, proposing this method as a diagnostic bedside method
for the diagnosis of small volume ascites (17). However, these preliminary results require
validation and implementation of the method.

Findings Dependent on the Etiology of Ascites
The presence of ascites in a cirrhotic patient denotes a decompensated, more advanced

cirrhosis; therefore, patients with ascites resulting from cirrhosis will usually have stig-
mata of cirrhosis on physical examination. These include spider angiomas (rare below the
umbilicus), palmar erythema (most prominent on hypothenar and thenar eminence with
sparing of center of palms), and muscle wasting (thenar, hypothenar, and bitemporal
regions). There may also be jaundice and signs of portal hypertension such as splenome-
galy and abdominal wall collaterals. Finding a palpable (or ballotable) left lobe of the liver
(in the epigastric area) is almost pathognomonic of cirrhosis, whereas percussion of the
right lobe of the liver usually shows a small liver span.

The neck veins should always be examined for jugular venous distention in patients with
ascites to look for cardiac dysfunction as a cause (or at least one cause) of ascites. Presence
of a small nodule at umbilicus (Sister Joseph Mary nodule) suggests peritoneal carcino-
matosis and an enlarged supraclavicular lymph node (Virchow’s node) also suggests
malignancy. Large veins on the patients’ back with an upward flow suggests inferior vena
cava (IVC) blockage. Peripheral edema owing to liver disease is usually confined to lower
extremities. Anasarca may be noted in nephritic and cardiac patients.
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DIAGNOSIS
Diagnostic tests can be divided into those that have the objective of confirming a clin-

ical suspicion of ascites and tests that look for the etiology of ascites.

Confirmation of the Presence of Ascites by Imaging Techniques
The initial, most cost effective, and least invasive method to confirm the presence of

ascites is abdominal ultrasonography. It is considered the gold standard for diagnosing
ascites as it can detect amounts as small as 100 mL (18) and even as small as 1–2 mL when
Morison’s pouch and the pelvic cul-de-sac are scanned (19). Abdominal ultrasound is use-
ful in determining the best site to perform a diagnostic or therapeutic paracentesis, partic-
ularly in patients with a small amount of ascites or in those with loculated ascites. Addi-
tionally, although not very sensitive in the diagnosis of cirrhosis, ultrasound is the most
useful initial test to investigate the presence of hepatic vein obstruction, an important
and frequently overlooked cause of ascites (19). Therefore, in patients with new ascites,
abdominal ultrasound should always include Doppler examination of the hepatic veins.

Abdominal computed tomography (CAT) scan is also highly sensitive and specific in
diagnosing the presence of intraabdominal fluid; however, its cost precludes it as a first
diagnostic method to confirm the presence of ascites. Abdominal CAT scan is more sen-
sitive than ultrasonography in determining the presence of cirrhosis. Finding a small, nod-
ular liver, splenomegaly, and collaterals on CAT scan establishes the diagnosis of cirrhosis.

Although not a confirmatory test for the presence of ascites, diagnostic radionuclide
ascites scan is useful in the diagnosis of hepatic hydrothorax, particularly in cases in which
ascites is absent (20). It consists of the injection of Tc-99m-labeled sulfur colloid (21)
or macroaggregated serum albumin (20) into the peritoneal cavity followed by chest imag-
ing every 15–30 min. Transdiaphragmatic movement of ascites into the pleural space is
demonstrated generally within 2 h of intraperitoneal injection of the radiotracer.

Determination of the Etiology of Ascites
Although the above-mentioned imaging studies, in addition to confirming the presence

of ascites, may help determine the cause of ascites, the simplest and most inexpensive
way to orient the diagnostic workup of a patient with ascites is by the analysis of the fluid.
Therefore, a diagnostic paracentesis should be the first test performed in the diagnostic
workup of a patient with ascites.

DIAGNOSTIC PARACENTESIS

Performed for two purposes: (a) to help determine the most likely source of ascites
and (b) to make the diagnosis of spontaneous bacterial peritonitis (SBP), the most lethal
complication of cirrhotic ascites.

Indications. In accordance to the Ascites Club consensus recommendations (22), a
diagnostic paracentesis should be performed in

• all patients with new onset or worsening ascites;
• all patients with known ascites who are admitted to the hospital (to exclude a subclinical

infection of ascites);
• patients showing clinical features or laboratory abnormalities suggestive of infection (fever,

abdominal pain, abdominal tenderness, altered mental status, renal failure, peripheral leu-
cocytosis, or acidosis).
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Complications. Diagnostic paracentesis is a safe procedure with a very low incidence
of serious complications. In a large prospective study of 229 diagnostic paracenteses per-
formed using a 22-gauge needle, the most serious complication was transfusion-requir-
ing wall hematoma that occurred in only two paracenteses (0.9%) performed in a single
patient who had a prolonged prothrombin time (>6 s) and a creatinine of 2.3 mg/dL (23).
In addition, there were two nontransfusion-requiring hematomas and 22 instances of
blood-tinged fluid. No paracentesis led to infection or death. In another large retrospec-
tive study, including 391 paracentesis (using 18–20-gauge needles), 3% of the cases had
a postprocedure drop in hemoglobin ⊕2 g/dL but only 0.2% required blood transfusion
and none died (24). Interestingly, this study showed that elevated creatinine levels were
associated with a significantly greater hemoglobin drop.

Contraindications. Coagulopathy is not a contraindication to perform a diagnostic
paracentesis. In the above-mentioned studies, there were no differences in prothrombin
time or in platelet count between patients whose paracentesis resulted in bloody ascites or
hematomas and those that did not (23). Conversely, postprocedure changes in hemoglo-
bin were comparable among patients with differing degrees of abnormality in prothrom-
bin time (from normal to >2 s prolonged) and in platelet count (from >100,000 to <20,000/
mm3); however, patients with creatinine levels ⊕6 mg/dL had a significantly greater post-
procedure drop in hemoglobin level compared to those with lower levels (24).

Paracentesis should probably be avoided in patients with clinically evident severe coag-
ulopathy and renal failure. Because bleeding is the only complication of paracentesis,
care should be taken to identify venous structures at the time of the performance of the
procedure, irrespective of site. Care should always be taken to avoid abdominal wall col-
laterals and to avoid the area of the inferior hypogastric artery, which lies midway between
anterior superior iliac spine and pubic tubercle. Technically, the midline below the umbi-
licus is often recommended as a site for paracentesis because of its presumed avascularity.
However, a laparoscopic study in 20 patients with cirrhosis demonstrated that, in patients
with portal hypertension, this area is commonly vascular (25).

ASCITIC FLUID ANALYSIS

For diagnostic paracentesis, 20–50 cm3 of ascitic fluid is obtained. In patients with new
onset ascites, the fluid should be routinely be evaluated for

• gross appearance;
• albumin (with simultaneous estimation of serum albumin);
• total protein;
• white blood cell count and differential;
• cultures.

The following tests should be performed depending on individual circumstances

• glucose and lactic dehydrogenase (if secondary peritonitis is suspected) (26);
• amylase (if pancreatic ascites is suspected);
• cytology (to exclude malignant ascites);
• acid-fast bacilli smear and culture and adenosine deaminase determination (27) (to exclude

peritoneal tuberculosis);
• triglycerides (if the fluid has a milky appearance, i.e., chylous ascites);
• red blood cell count in cases in which the appearance of the fluid is unusually bloody.
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Measurement of ascites lactate and pH were thought to be useful in the rapid diagnosis
of SBP, however, several studies have demonstrated that these tests are not more useful
than the ascites polymorphonuclear cell count (PMN) (28) and should therefore not be
performed.

Gross Appearance. Uncomplicated “normal” ascitic fluid is transparent, straw colored
to slightly yellow. It has been stated that fluids with PMN >5000/mm3 appear cloudy (3).
Ascitic fluid with a red blood cell count of >10,000/mm3 appears pink whereas fluid with
red cell count >20,000/mm3 appears frankly bloody (3). Whereas blood in the fluid result-
ing from a traumatic tap will clot, nontraumatic bloody fluid will not clot as the blood has
already clotted (intraperitoneally) and the clot has lysed. The presence of blood in a non-
traumatic tap may indicate malignancy. Milky fluid is indicative of chylous ascites and
its presence should be confirmed by measuring triglyceride levels in the fluid (a triglyc-
eride level >200 mg/dL establishes the diagnosis of chylous ascites). An easier way to
do this is to place a tube of ascites in the refrigerator, and in case of chylous ascites, it will
layer out. Although the most common cause of chylous ascites is postsurgical disruption
of lymphatics, the most common cause of nonsurgical chylous ascites is cirrhosis (29,30).

Ascites Total Protein and Serum Ascites Albumin Gradient (SAAG). These two
inexpensive tests taken together are the most useful in determining the etiology of
ascites and, thereby, in further directing the workup of patients with ascites.

Conventionally, ascites had been divided into exudative and transudative based on its
total protein content, using a cutoff protein of 2.5 g/dL (31). It was considered that ascites
secondary to peritoneal processes (malignancy, tuberculosis) would be exudates (protein
>2.5 g/dL) whereas ascites secondary to nonperitoneal infiltration, that is, ascites associ-
ated with portal hypertension, would be transudates (ascites protein <2.5 g/dL). The char-
acteristic ascitic fluid in patients with peritoneal neoplasms or tuberculous peritonitis is
high in protein (exudative) and probably arises from leakage of high protein mesenteric
lymph from obliterated lymphatics and perhaps also from surrounding inflamed perito-
neal surface (32). However, a high protein fluid can also result from hepatic sinusoidal
hypertension when sinusoids are normal. Normal hepatic sinusoids are uniquely permea-
ble (“leaky”) and many human and experimental studies have shown that hepatic conges-
tion secondary to hepatic vein or inferior vena caval obstruction or cardiac failure leads
to profuse outpouring of protein-rich lymph into the peritoneal cavity (33,34). In hepatic
cirrhosis, an abnormally low protein content of liver lymph has been demonstrated as an
effect of deposition of fibrous tissue in the sinusoids (“capillarization of the sinusoid”) that
renders the sinusoid less leaky to macromolecules (35,36). However, it has been shown
that, in early cirrhosis, ascitic fluid is high in protein, whereas in advanced cirrhosis, pro-
tein content decreases progressively (37), perhaps as the result of progressive sinusoidal
alteration. This could explain high protein ascites observed in 15–20% of cirrhotic patients.
Additionally, ascites protein content has been shown to increase to exudative values after
diuresis and a decrease in ascites volume (38).

The SAAG is based on the fact that, per Starling forces, oncotic-hydrostatic balance
is the major controlling force determining the protein concentration of fluid in the peri-
toneal cavity. Calculating the SAAG involves measuring the albumin concentration of
serum and ascitic fluid specimens and subtracting the ascitic fluid value from the serum
value. Two studies have demonstrated that SAAG is a reflection of the hepatic sinusoidal
pressure. In one study, performed in 56 patients with chronic liver disease, a significant
correlation (r = 0.73) was found between SAAG and the hepatic venous pressure gra-
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dient (HVPG) (a measure of sinusoidal hydrostatic pressure) (39). In another study, a
significant correlation (r = 0.88) was once more reported between the HVPG and the
difference between plasma colloidosmotic pressure and ascites colloidosmotic pressure
in 20 patients with cirrhosis (40). As colloidosmotic pressure is mostly the result of albu-
min content, this could be translated as the SAAG. In a subsequent study, the cutoff value
that best distinguished patients in whom ascites was secondary to liver disease and those
with malignant neoplasm was a SAAG of 1.1 g/dL (41). Interestingly, the SAAG value of
1.1 g/dL roughly corresponds to an HVPG of 11–12 mmHg (39), the threshold pressure
that has been described as being necessary for the development of ascites in cirrhotic
patients (see below).

Several studies have demonstrated that the SAAG has a greater diagnostic accuracy
than ascites protein levels in distinguishing cirrhotic ascites from ascites secondary to
peritoneal carcinomatosis (13,42,43). In patients with mixed ascites (e.g., cirrhosis with
superimposed peritoneal malignancy), the SAAG is high and the ascites protein is low,
that is, the findings of ascites due to cirrhosis predominate (13). Of note, massive hepatic
metastasis can lead to the development of ascites but because the mechanism of ascites
formation is sinusoidal hypertension, these cases of “malignant ascites” will have a high
SAAG (43).

The SAAG, however, does not allow to distinguish intrahepatic causes (e.g., cirrhosis)
from posthepatic causes of ascites (e.g., heart failure, Budd–Chiari) because, in both
instances, SAAG will be high (13). This differential is extremely important as constric-
tive pericarditis is one of the few curable causes of ascites and the distinction between
cardiac or hepatic origin of ascites is especially important in alcoholic patients, with sig-
nificant management implications. The ascites total protein content can make this dis-
tinction because, unlike the “capillarized” sinusoids of intrahepatic portal hypertension,
the sinusoids of posthepatic obstruction are normal (“leaky” to protein). In the largest
study comparing total protein and SAAG, all 24 samples obtained from patients with
cardiac ascites had a SAAG > 1.1 g/dL (indicative of portal hypertensive type of ascites)
and an ascites protein >2.5 g/dL (indicative of a normal “leaky” hepatic sinusoid) (13).

Therefore, as shown in the Fig. 1, the three main causes of ascites—cirrhosis, peri-
toneal pathology (malignancy or tuberculosis), and heart failure—can be easily distin-
guished by combining the results of both the SAAG and ascites total protein content.

The accuracy of SAAG is reduced if samples are not obtained simultaneously or if serum
albumin levels are very low. Serum hyperglobulinemia (>5 g/dL) leads to a high ascitic
fluid globulin concentration and can narrow the albumin gradient by contributing to the
oncotic forces. To correct the SAAG in the setting of a high serum globulin level, the
uncorrected SAAG should be multiplied by (0.16) ↔ (serum globulin [in g/dL] + 2.5) (44).

Cell Count and Differential. Spontaneous bacterial peritonitis (SBP) is the most
common infection in cirrhosis. Peritoneal infection leads to an inflammatory reaction
that results in increased ascites PMN. Despite the use of sensitive methods, ascites cul-
ture is negative in approx 40% of patients with clinical manifestations suggestive of SBP
and increased ascites PMN (22). Therefore, the diagnosis of SBP is established when
objective evidence of a local inflammatory reaction is present, i.e., an elevated ascites
PMN count. A PMN count of more than 250/mm3 is diagnostic of SBP and constitutes
an indication to empirically initiate antibiotic treatment. Although an ascitic fluid PMN
count greater than 500/mm3 is more specific for the diagnosis of SBP (28), the risk of
not treating the few patients with SBP who have an ascites PMN count between 250 and
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500/mm3 is unacceptable. An ascites PMN count of less than 250/mm3 excludes the
diagnosis of SBP. In patients with hemorrhagic ascites (i.e., ascites RBC count >10,000/
mm3), a subtraction of one PMN per 250 red blood cells should be made to adjust for the
presence of blood in ascites.

PMN count is performed manually in most laboratories and may not be available in
all hospitals after hours. An alternative to manual counting proposed recently is the use
of reactive strips for leukocyte esterase (45). A reagent strip result of 3 or 4 had a sensi-
tivity of 89% (it correctly identified 51 of 57 fluids with PMN > 250, therefore, six patients
with SBP would have not been treated) and a specificity of 99% (it correctly identified
170 of 171 fluids with PMN < 250, therefore, one patient not requiring therapy would
have been treated). Importantly, a reagent strip of 3+ or 4+ had a positive predictive value
of 98% (46/47 cases had a PMN > 250). Unfortunately, United States regulations mandate
that only authorized, credentialed personnel can perform this test, and therefore a clini-
cian at the bedside cannot currently perform this test (46).

Bacteriological Culture. Ascites samples for culture should be collected at the bedside
and inoculated into blood culture bottles, including both aerobic and anaerobic media
as this method is more likely to yield an infecting organism compared to samples that

Fig. 1. Diagnostic algorithm for ascites based on the serum-ascites albumin gradient (SAAG) and
the ascites total protein (Asc Prot). The most common cause of ascites is cirrhosis that will result
in a high SAAG and a low ascites protein. Further workup in these patients will be an ultrasound
or CAT scan (to confirm the diagnosis of cirrhosis and to screen for liver tumors) and an endoscopy
(to screen for varices). Peritoneal malignancy or tuberculosis will result in a low SAAG and a high
ascites protein. While awaiting for cytology and/or AFB results, a laparoscopy would be the next
diagnostic procedure. Posthepatic obstruction (as would be seen in heart failure, constrictive peri-
carditis, posttransplant ascites) will result in a high SAAG and a high ascites protein. The workup
will commonly include right heart catheterization and HVPG measurements, which is the ultimate
test to determine the source of ascites.
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are centrifuged and plated (47,48). The minimum amount of ascitic fluid inoculated in
each bottle should be 10 mL. Because bacteremia occurs in half of the patients with SBP
(28), blood cultures should be obtained concomitant to ascites cultures in patients in
whom SBP is suspected and before initiating antibiotic administration.

HVPG MEASUREMENT

Similar to the development of gastroesophageal varices, in which a minimal portal
pressure gradient of 12 mmHg is necessary (49), the development of ascites also requires
surpassing a threshold HVPG. In one study, every patient with ascites had an HVPG (a
measure of sinusoidal pressure) of at least 12 mmHg (50). Another study showed that
in most patients that developed ascites as the result of TIPS dysfunction, the portal pres-
sure gradient had risen to levels ⊕12 mmHg (51). Importantly, studies in which the HVPG
is reduced below 12 mmHg or at least 20% from baseline values, show a decrease in the
development of ascites (52,53). In the early stages of cirrhosis, there may not be sinusoi-
dal hypertension (i.e., the HVPG is normal at 3–6 mmHg) or there may not be a “clini-
cally” significant portal hypertension, i.e., the sinusoidal pressure may not have reached
the threshold level of 12 mmHg, and, therefore, ascites would not be formed.

Therefore, the ultimate test to determine whether ascites is the result of sinusoidal
hypertension, is to actually perform measurements of HVPG. In cases of cirrhotic ascites,
the HVPG will be ⊕12 mmHg. In cases of cardiac ascites, both the wedged hepatic vein
pressure (WHVP) and the free hepatic vein pressure (FHVP) will be elevated (reflecting
elevated systemic pressures) and, therefore, the HVPG which is obtained by subtracting
the FHVP from the WHVP will be normal (54). In cases of peritoneal ascites (i.e., malig-
nancy or tuberculosis), all hepatic venous pressure measurements (WHVP, FHVP, and
HVPG) will be normal, unless the patient has coexisting cirrhosis or heart failure. When
performed properly, HVPG measurements are reproducible and safe (55), in fact, hep-
atic vein catheterization for measurement of hepatic vein pressures allows for the per-
formance, in the same procedure, of a transjugular liver biopsy which will further define
the etiology of ascites (56,57).

NATURAL HISTORY
Patients with compensated cirrhosis, that is, those without ascites, variceal hemorrhage,

hepatic encephalopathy, or jaundice develop features of decompensation during follow-
up at a rate of 7–10% per year, and ascites is the first sign of decompensation in most
cases (1,2). Ascites that marks the transition to decompensation refers to ascites that is
clinically detectable. With the routine use of abdominal ultrasound in cirrhosis, ascites has
been detected at an earlier stage. In fact, a current consensus document classifies ascites
in three grades (58):

• Grade 1: mild ascites only detectable by ultrasound examination.
• Grade 2: moderate ascites manifested by moderate symmetrical distension of abdomen.
• Grade 3: large or gross ascites with marked abdominal distension.

Most patients have “uncomplicated” ascites, that is, ascites that is not infected, is not
associated with renal dysfunction and responds to diuretic therapy. Around 5–10% of
patients with ascites develop refractory ascites, defined as ascites that cannot be mobilized
or the early recurrence of which cannot be satisfactorily prevented by medical therapy
(59). Refractory ascites assumes either diuretic-resistant ascites (ascites not eliminated
even with maximal diuretic therapy) or diuretic-intractable ascites (ascites not eliminated
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because maximal doses of diuretics cannot be reached given the development of renal
and/or electrolyte abnormalities) (59). The hepatorenal syndrome (HRS) is considered
part of the clinical spectrum of the cirrhotic patient with ascites because it represents the
result of extreme hemodynamic alterations that lead to sodium retention and ascites (60).
HRS generally occurs in patients with cirrhosis and ascites and is defined as renal failure
occurring in the setting of severe liver disease after exclusion of potentially reversible
causes of renal failure (sepsis, hypovolemia, nephrotoxicity) and that does not reverse after
volume expansion. HRS may be classified on a clinical basis into two types: HRS type 1,
characterized by rapidly progressive deterioration in renal function (doubling in serum
creatinine to a level >2.5 g/dL in < 2 wk) and HRS type 2 in which renal failure does not
have a rapidly progressive course (59). Patients usually go through a sequence of uncom-
plicated ascites ♦ refractory ascites ♦ HRS type 2 ♦ HRS type 1, each representing a
more advanced stage with a worse prognosis.

Although median survival in patients with compensated cirrhosis is around 9 yr (2),
once decompensation occurs, median survival decreases to 1.6–1.8 yr (1,2). In cirrhotic
patients with moderate to tense ascites, four parameters have been found to be independent
predictors of survival: impaired water excretion, mean arterial pressure, Child–Pugh
class, and serum creatinine (61). Except for the Child–Pugh score, which is indicative of
a poor liver function, all other parameters indicate a worsened hemodynamic status (that
is a more vasodilated state) and are consistent with other studies that have shown that
hyponatremia and renal dysfunction are predictors of a poor survival in cirrhosis (62,63).

Prognosis is worse in patients who develop refractory ascites. In a study of 134 out-
patients with cirrhosis, the median survival of patients with refractory ascites was 12 mo,
significantly lower than 52 mo in patients with uncomplicated ascites (64). In two large
prospective studies of different therapies for refractory ascites, median survival was 9 (65)
and 12 mo (66). Oddly, a higher median survival of around 40 mo was shown in another
prospective trial of refractory ascites that included patients with a seemingly more pre-
served renal function (67). Child–Pugh score is consistently a poor prognostic factor in
patients with refractory ascites (64,65,68). Although different therapies for refractory
ascites have not been shown to have an effect on survival (65–67), a factor that has been
associated with a poorer survival is the development of the “postparacentesis circulatory
dysfunction” (PCD), an entity associated with the performance of large-volume paracen-
tesis, the recommended treatment for refractory ascites, particularly when plasma expan-
sion with albumin does not accompany the procedure. Patients with refractory ascites
who develop PCD have a median survival of 9 mo compared to 17 mo in patients who
do not develop it (69,70).

Of all the complications of cirrhosis, HRS has the worst prognosis. The main deter-
minant of survival is the type of HRS. In type 1, hospital survival is less than 10% and
the expected median survival time is only 2 wk (71). In contrast, patients with HRS type
2 have a longer median survival of around 6 mo (72), although still lower than that for
refractory ascites.

ASCITES AFTER LIVER TRANSPLANTATION
The presence of self-limited ascites in small to moderate amounts is common in the

early postoperative period of liver transplantation and is probably the result of surgical
manipulation (73). In contrast, large, persistent ascites, although uncommon after liver
transplantation, usually represents a serious complication.
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The incidence of significant posttransplantation ascites ranges from 2% (74) to
7% (75).

A large study comparing 25 patients who developed significant ascites (defined as
production of >500 mL/d lasting for >10 d after transplant) vs 353 patients who did not
develop this complication, revealed no differences in the etiology of liver disease that
led to transplantation nor in preoperative presence of ascites or SBP, there were also no
differences in donor age or cold ischemia time. The factors that differed between groups
were recipient gender (88 male vs 60% female) and surgical technique (IVC preserva-
tion with piggyback technique, 72 vs 41%) (75).

In the majority of cases of significant posttransplant ascites, a high-pressure gradient
between the right atrial pressure and: (a) the WHVP (75); (b) the FHVP (75); and (c) the
PVP (76) have been described. Given the presence of a normal HVPG (75), this gradient
indicates the presence of a postsinusoidal hypertension secondary to hepatic vein outflow
obstruction as the cause of ascites. Accordingly, ascitic fluid findings have been shown
to be consistent with a posthepatic cause of ascites, that is, with a high total protein (>2.5
g/dL) (75) and a high SAAG (mean 2.8 g/dL) (76).

Ascites occurs more frequently in patients in whom liver transplantion is performed
preserving the retrohepatic IVC, the so-called piggyback technique, that is becoming
more frequently used because it avoids caval cross-clamping during the anhepatic phase
of surgery but can lead more frequently to anastomotic stenosis (75,77,78). Modification
of the technique utilizing the recipient’s three hepatic veins (rather than two), stenting of
the hepatic venous outflow tract and transjugular intrahepatic portosystemic shunt have
been used to overcome outflow drainage difficulties and improve ascites in the majority
of cases (75,78,79).

Other less common causes of significant posttransplant ascites are reduced grafts (in
pediatric transplantation) (80), lymphatic leak after surgical dissection resulting in chy-
lous ascites (81,82) that has been shown to respond to octreotide and total parenteral
nutrition (82), and venoocclusive disease probably resulting from acute rejection (83–85)
that has been shown to respond to defibrotide (86).

The development of significant posttransplant ascites has been associated with renal
impairment, increased incidence of abdominal infection, prolonged hospitalization, and
a tendency toward reduced survival (75,87).

Therefore, significant posttransplant ascites is associated with increased morbidity and
mortality. Because it is predominantly related to difficulties of hepatic venous drainage,
measurement of hepatic vein and atrial pressures to detect a significant gradient and cor-
rect possible alterations in hepatic vein outflow should be the first approach in the man-
agement of these patients (75).
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INTRODUCTION

Abnormal renal sodium handling is an early and common complication of liver cir-
rhosis and eventually results in ascites formation. At least 50% of patients will develop
ascites within 10 yr of diagnosis of cirrhosis (1). The presence of ascites predisposes the
cirrhotic patients to further complications such as the development of spontaneous bac-
terial peritonitis and renal impairment, which significantly worsens the prognosis of these
patients. The presence of ascites is also an indication for liver transplantation. Therefore,
effective management of ascites is essential for improving the well being and survival
of these patients.

TREATMENT OF REVERSIBLE UNDERLYING CAUSES

Alcoholic liver disease is a common cause of cirrhosis. Ascites complicates acute
alcoholic hepatitis, and total abstinence of alcohol has been associated with a reduction
of portal pressure and either resolution of ascites or improved responsiveness to diuretic
therapy (2). The consumption of alcohol can also worsen the clinical course of viral
hepatitis (3). Therefore, it is imperative that all patients with ascites are advised to stop
alcohol, including “low-alcohol” beers, irrespective of whether alcohol is the primary
cause of cirrhosis. The treatment of viral hepatitis B with lamivudine in decompensated
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cirrhosis can result in the reduction or resolution of ascites (4). Likewise, weight reduction
or better control of diabetes in decompensated ascitic cirrhotic patients who have steato-
hepatitis as an underlying cause of their cirrhosis should lead to an improved control of
their ascites, although this has not been formally studied.

BED REST

Erect posture with activation of the renin–angiotensin–aldosterone system has been
shown to be associated with sodium retention in cirrhosis (5,6). The assumption of the
supine posture results in increases in venous return and effective arterial blood volume,
with reduction in renin–angiotensin–aldosterone levels and natriuresis (6). Therefore, it
is only logical to recommend bed rest for cirrhotic patients to mobilize the ascites. How-
ever, to date, there are no clinical trials to support the notion that enforced bed rest actually
improves the outcome of medical therapies. In the current climate of economic con-
straints, it is not feasible to recommend bed rest as a treatment for cirrhotic ascites.

DIETARY SODIUM RESTRICTION

Because sodium retention is central to the development of ascites in cirrhosis, it is rec-
ommended that cirrhotic patients with ascites should limit their sodium intake (7). The
extent to which ascitic cirrhotic patients need to restrict their sodium intake depends on
the ability of their kidneys to excrete sodium. For example, patients whose daily urinary
sodium excretion is 100 mmol will not decrease their ascites if they consumes a normal
North American diet, which contains 200–300 mmol of sodium. However, similar patients
will be in negative sodium balance and start to reduce their ascites if their daily sodium
intake is restricted to 50 mmol/d. Therefore, it is important to assess 24-h urinary sodium
excretion at first presentation, and whenever ascites increases, to calculate the sodium bal-
ance and prescribe the appropriate sodium intake (7). Spot urinary sodium estimations are
less accurate, because sodium excretion is not uniform during the day. However, in some
patients, it may not be practical to perform a 24-h urine collection. In these instances, a
random urine sample with urinary Na/K ratio of greater than 1 will indicate a urinary
sodium excretion of more than 78 mmol/d in 95% of patients (7).

Most patients with ascites are prescribed a daily sodium intake of 2 g or 88 mmol (8).
This amount of sodium is less than what is contained in a no-added-salt diet of 100–130
mmol. It is not uncommon for patients who have never had sodium restriction to lose
weight when sodium restriction is initiated, as their restricted sodium intake may well fall
below the renal threshold for sodium excretion and the patient goes into negative sodium
balance. Compliance with sodium restriction is best monitored by daily weights, and fre-
quent 24-h sodium excretion measurements. A patient who consumes 88 mmol, and ex-
cretes 20 mmol of sodium per day will be in positive sodium balance of 68 mmol/d. Such
a patient should gain 3.4 kg of weight in 2 wk (68 mmol/d ↔ 14 d ÷ 140 mmol/L = 3.4 L).
Therefore, more rapid weight gain would suggest noncompliance with dietary sodium
restriction.

As many patients are unaccustomed to dietary sodium restrictions, all patients with
ascites should receive counseling regarding the importance of a low sodium diet, and advice
on where to purchase low sodium items. Low sodium items can be unpalatable and are
frequently not well tolerated. The introduction of spices and low sodium recipes could
make a difference in the acceptance of sodium restriction, and the use of a dietitian is
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invaluable. The use of salt substitutes should be discouraged, as many of these contain
potassium, and can lead to hyperkalemia, especially in patients who are also taking potas-
sium-sparing diuretics.

Despite the widespread use of sodium restriction in the management of ascites in cirrho-
sis, there is no evidence that sodium restriction has any survival benefits for these patients
(9). However, compliance with sodium restriction can significantly reduce diuretic require-
ment and decrease the time to complete resolution of ascites (10). In a European survey
on the management of ascites in cirrhosis, most respondents used a low sodium diet as part
of the therapeutic regimen (11). In a more recent survey conducted by the International
Ascites Club, 85% of respondents apply sodium restriction to their patients, and 64% do
not relax sodium restriction even after ascites has been completely eliminated (8).

WATER RESTRICTION

In cirrhotic patients with ascites, water loss usually follows sodium loss. Therefore,
there is usually no need to enforce fluid restriction. However, in patients with hyponatre-
mia of <120 mmol/L, some fluid restriction is recommended (7). Fluid restriction that is
too severe is unpleasant, and can only further exaggerate the intravascular depletion that
is already present in these patients.

DIURETICS

Sodium restriction alone can only eliminate ascites in about 10% of patients (12). Diure-
tics are usually required in addition to sodium restriction to mobilize the ascites. Diuretics
act on different nephron sites to block sodium reabsorption, thereby increasing renal
sodium excretion.

Aldosterone Antagonists
Because hyperaldosteronism is a major factor in promoting renal sodium retention in

cirrhosis (13), aldosterone antagonists are the drugs of choice as the initial therapy for
the treatment of ascites. Spironolactone, starting at a dose of 100 mg/d, can be titrated
up to a maximum of 400 mg/d (7–9,14,15). The absorption of spironolactone is better
with food, but the diuretic effects are not observed until 48 h later. The metabolism of
spironolactone is impaired in cirrhosis, leading to a very prolonged half-life of up to 35 h.
Therefore, the peak effects of spironolactone can be delayed for up to 7–10 d (15), and dose
adjustments of spironolactone should not be made more often than every 7–10 d. Simi-
larly, there is a delay in the offset of action when spironolactone is discontinued. Its major
side effect is painful gynecomastia. Canrenoate is a metabolite of spironolactone. Its
starting dose is 100 mg/d. It is only available in certain parts of Europe and is often used
because it is less likely to cause painful gynecomastia (16). Amiloride, another distal diure-
tic, starting at 5 mg/d and titrating up to 30 mg/d, may be preferred, as it has a quicker
onset and offset of action than spironolactone. It also does not produce painful gyneco-
mastia. However, it is weaker than spironolactone and is more expensive (17). All of the
distal diuretics can cause hyperkalemia.

Loop Diuretics
A loop diuretic such as furosemide is often added to a spironolactone to produce an

earlier natriuresis. Loop diuretics are potent diuretics. They block the reabsorption of
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sodium in the loop of Henle, and increase the distal delivery of sodium to the distal renal
tubule. Loop diuretics should not be used alone because the increased sodium delivered
to the distal tubule will be rapidly reabsorbed due to unopposed action of aldosterone (18).

Furosemide has a very quick onset of action. After oral administration, diuresis begins
within 30 min, peaks at 1–2 h, and is completed after 3–4 h. The initial oral dose of furo-
semide is 20–40 mg/d, and the dose can be increased up to a maximum of 160 mg/d to
improve the diuretic response (7–9). The dose response curve of furosemide is sigmoidal,
that is, once a maximal response is reached, higher doses will not increase the diuresis (19).
Rather, high doses of furosemide can predispose the patient to the side effects of hypo-
kalemia, hyponatremia, intravascular volume depletion, and the development of hepato-
renal syndrome (20,21). High doses of furosemide can also increase renal ammonia pro-
duction and predispose the patient to the development of hepatic encephalopathy. The
combination of furosemide and spironolactone in the ratio of 40 mg:100 mg usually main-
tains normokalemia, and, therefore, stepwise increases of both diuretics should maintain
this ratio.

Torasemide, another loop diuretic, has been shown to be more effective and better tol-
erated than furosemide in cirrhosis (22). Its duration of action is also longer. However,
it is not universally available and this limits its usefulness in the management of patients
with ascites.

Other Diuretics
Diuretics that work on the proximal renal tubule are usually very potent. Mannitol is

an osmotic diuretic, which prevents sodium reabsorption in the proximal renal tubule.
It is not very effective because the increased sodium delivered to the distal tubule can
be reabsorbed distally. In cirrhotic patients with refractory ascites (see below), it is this
improved sodium delivery to the distal renal tubule that restores responsiveness to the
natriuretic effects of atrial natriuretic peptide (23,24). However, because of its potent
diuretic effects, it should not be used as a diuretic in cirrhosis as it can lead to severe dehy-
dration and renal failure.

Metolazone is a thiazide-type diuretic. It inhibits sodium reabsorption at the cortical
diluting site, and to a lesser extent, the proximal convoluted tubule. Metolazone has been
used in combination with both loop and distal diuretics in patients with ascites. How-
ever, the use of metolazone in cirrhosis should be discouraged, as intravascular volume
depletion, leading to renal dysfunction is a common complication (25).

Other Adjunctive Therapy
In a recent study, cirrhotic patients with ascites were randomized to receive diuretics

with or without weekly 25 g of albumin infusions while inpatients. This was continued
after discharge from hospital for approx 20 mo. The albumin-plus-diuretic group had
significantly better diuretic response, shorter hospital stays, lower probability of reaccu-
mulation of ascites, and lower likelihood of readmission to hospital (26). The results
have since been confirmed (27). However, survival was not affected. The rationale for
using albumin was to improve the filling of the effective arterial blood volume, thereby
improving renal perfusion. Despite the fact that this makes physiological sense, the prac-
tice was not shown to be cost effective, and, therefore, cannot be recommended as the stan-
dard of care for these patients.



Chapter 20 / Management of Ascites 305

Managing Diuretic Therapy
The International Ascites Club recommends that diuretic therapy should be started with

spironolactone 100–200 mg/d (8), preferably given with food. However, given the fact that
the onset of action of spironolactone is very slow in cirrhotic patients with ascites, many
physicians prefer to initiate diuretic therapy with a combination of a loop diuretic and
spironolactone. This has the advantage of encouraging compliance because the patient
will experience an earlier positive diuretic response when compared to spironolactone
alone. The combination approach also is less likely to result in hyperkalemia. Patients
on diuretic therapy should have their weight monitored daily. If the diuretic therapy
results in a negative sodium balance, the patient should start losing weight. The ideal
weight loss should be approx 1/2 kg/d. Too rapid weight loss will result in intravascular
volume contraction and predispose the patient to the development of renal failure.

If the response to diuretic therapy is not adequate after 1 wk, and the patient has been
compliant with dietary sodium restriction, and there are no other complications, the diu-
retic doses can be increased in a stepwise fashion (Fig. 1). Patients on spironolactone alone
can have a loop diuretic added, whereas those on a combination of a furosemide and spiro-
nolactone can have the doses increased by 40 and 100 mg, respectively. Diuretic adjust-
ments can be made weekly until maximum doses of 160 mg for furosemide and 400 mg
of spironolactone are reached (28). Periodic assessments of dietary sodium intake should
be made to ensure that patients are adhering to dietary sodium restriction, as dietary indis-
cretions can result in loss of response.

Diuretic therapy can cause electrolyte imbalance, intravascular volume depletion, renal
impairment, and precipitate hepatic encephalopathy. Therefore, patients on diuretic
therapy should have their serum electrolytes and renal function monitored regularly. In
addition, patients should be reviewed on a regular basis to assess for the development
of hepatic encephalopathy. Diuretics should be stopped temporarily if the patient develops
hyponatremia with serum sodium of <130 mmol/L or permanently if the serum sodium falls
below 125 mmol/L (29). Likewise, hyperkalemia of >5.5 mmol/L warrants the permanent
discontinuation of diuretic therapy (8). Patients with hyponatremia or hyperkalemia usu-
ally have significant intravascular depletion, and infusion of colloid solutions may correct
the electrolyte abnormalities. Overzealous use of diuretics can also lead to the develop-
ment of renal dysfunction. The serum creatinine in cirrhotic patients with ascites is usually

Fig. 1. Recommended step-care approach to the use of diuretic therapy. Increase to the next step
if the patient has lost <1.5 kg in 1 wk, if the patient has been compliant with Na restriction, and
if there are no complications.
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falsely low despite the presence of moderate to severe renal impairment (30,31). This
is attributed to decreased hepatic creatinine synthesis, increased tubular creatinine secre-
tion, and decreased skeletal mass. Therefore, a rise in serum creatinine is more important
than the absolute serum creatinine level in the monitoring of renal function in cirrhotic
patients with ascites treated with diuretic therapy. Diuretics should be stopped when the
serum creatinine has either doubled or reached an absolute value of >135 mmol/L. The
development of muscle cramps or grade 1 hepatic encephalopathy should be treated con-
ventionally with quinine and lactulose, respectively.

The Management of Hyponatremia
Hyponatremia develops when the kidneys are unable to excrete free water. It occurs in

about 30% of cirrhotic patients with ascites (32). It is a reflection of the severe reduction
of the effective arterial blood volume in these patients and water retention is a compen-
satory mechanism to increase the intravascular volume (33). The underlying pathophys-
iology is a nonosmotically stimulated secretion of vasopressin (34). It is exacerbated by
diuretics, which reduce the intravascular volume further. The traditional treatment is
water restriction. This is unpalatable and is unenforceable, as these patients are usually
very thirsty owing to the contracted intravascular volume. Furthermore, water restriction
may reduce the intravascular volume further and significantly worsen the renal function.
The infusion of colloid volume expanders such as albumin can reduce the water retention
and improve the serum sodium. The administration of hypertonic saline is contraindi-
cated, as this carries the potential risk of precipitating central pontine myelinolysis (35)
and worsens the sodium retention.

Recent studies have assessed vasopressin antagonism as a means of improving free
water excretion in cirrhosis. Reducing vasopressin secretion from the hypothalamus with
opioid agonists is associated with too many neurological side effects and, therefore, is
of limited use (36). The recent development of vasopressin receptor antagonists which
specifically block the V2 receptors in the renal collecting tubule hold much promise. In
the recently published randomized placebo-controlled studies using these agents such as
VPA985 (37,38), there was a dose-related increase in free water clearance, serum sodium
and serum osmolality, and a decrease in urinary osmolality. No orthostatic hypotension
or change in serum creatinine levels was observed, although at higher doses, there were
some overt and subtle signs of mild dehydration (37). However, both of these studies
were of very short duration. Whether these agents can maintain their efficacy with long-
term administration remains to be seen.

REFRACTORY ASCITES

The combination of sodium restriction, and combination diuretic therapy is usually
effective in eliminating ascites in approx 90% of cirrhotic patients with ascites (19,29).
In the remaining 10% of patients, this approach is either ineffective or the patient is
intolerant of diuretic therapy. In 1996, the International Ascites Club defined refractory
ascites as ascites that cannot be mobilized or the early recurrence of which cannot be
satisfactorily prevented by medical therapy (39). These were further divided into diure-
tic resistant (nonresponsiveness to sodium restriction of 50 mmol/d and 160 mg of furo-
semide and 400 mg of spironolactone with a weight loss of <1.5 kg/wk for 2 wk), and
diuretic-intractable ascites (inability to tolerate maximal doses of diuretics because of
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complications such as severe electrolyte disturbances and renal failure) (39). Therefore,
these patients require second line therapy such as large-volume paracentesis, transjugular
intrahepatic portosystemic shunts, or liver transplantation.

LARGE-VOLUME PARACENTESIS

Large-volume paracentesis of 4–6 L has been shown to be safe and effective in the
management of ascites in cirrhosis (40–42). In a randomized controlled trial, Gines et
al. reported that cirrhotic patients with ascites treated with large volume paracentesis
and albumin (8 g/L of ascitic fluid removed) had lower incidence of systemic and hemo-
dynamic disturbance, electrolyte abnormalities, renal impairment, and encephalopathy
when compared to patients treated with diuretics (40). Furthermore, patients in the para-
centesis group had a shorter initial hospital stay. However, there was no difference in
terms of readmission rate, reason for readmission, and survival (40). These results have
since been confirmed (43). Therefore, large-volume paracentesis has become a standard
treatment for cirrhotic patients with refractory ascites. For a patient who is compliant with
dietary sodium restriction, paracentesis should only be required no more often than every
2–3 wk, even if the patient is excreting no urinary sodium. A 6-L paracentesis removes
840 mmol of sodium (140 mmol/L ↔ 6 L), and if the patient has been compliant with a 50
mmol sodium/d intake, it should take 17 d to accumulate 850 mmol of sodium or 6 L of
ascitic fluid even with a urinary sodium of 0 mmol. For patients who are actually excreting
urinary sodium, the period between paracentesis should be longer. Therefore, any patients
who require more frequent paracentesis should have their 3-d food records checked, and
receive further dietary counseling.

Myths About Large-Volume Paracentesis
FREQUENT LARGE VOLUME PARACENTESES CAN INCREASE THE RISK OF PERITONITIS

In a prospective study on 29 asymptomatic patients with decompensated cirrhosis
(Child–Pugh class B = 11 patients, class C = 18 patients) who underwent repeat large-vol-
ume paracentesis as outpatients, with ascitic fluid culture and ascitic fluid cell count per-
formed on all occasions, there was an incidence of 2.5% (3 out of 118 episodes) of spon-
taneous bacterial peritonitis (44). The infrequent occurrence of spontaneous bacterial
peritonitis with repeat large-volume paracentesis has been confirmed in several other
studies (45–47). Therefore, it is safe to repeat large-volume paracentesis without the fear
of introducing infection provided the procedure is done with strict sterile techniques.

COAGULOPATHY IS A CONTRAINDICATION TO PARACENTESIS

Significant bleeding occurs in approx 1% of cirrhotic patients with ascites who undergo
paracentesis (48). Bleeding following paracentesis can occur at the puncture site or intra-
peritoneally (49). Puncture site hematomas are usually due to bleeding from abdominal
wall vessels, and avoidance of the vascular midline area can reduce the incidence (50).
Intraperitoneal hemorrhage following paracentesis can be delayed for several days (51),
and is usually caused by rapid reduction of intraperitoneal pressure, leading to distension
of hypertensive intraabdominal collaterals and their eventual rupture (52,53). To date,
there are no data to support a correlation between the extent of coagulopathy and the risk
of bleeding after paracentesis, and the correction of coagulopathy has not been shown
to reduce the incidence of bleeding (50,54).
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LEAKAGE FROM THE PUNCTURE SITE AFTER PARACENTESIS

Leakage of ascitic fluid following paracentesis occasionally occurs, particularly if the
patient starts ambulating immediately after completion of paracentesis. This can be man-
aged by placing a purse-string suture around the puncture site and have the patient lie with
the puncture site uppermost for a few minutes (8,30). The placement of a colostomy bag
over the leaking puncture site to contain the ascitic fluid is to be discouraged, as this allows
a direct communication between the sterile peritoneal cavity and the nonsterile external
environment, and predisposes the patient to the risk of infection, although to date, there
have been no studies to address this issue.

The Controversy of Albumin Replacement
Paracentesis-induced circulatory dysfunction is a pathophysiological state character-

ized by intravascular volume depletion, elevated renin, and aldosterone levels. It can
develop following large-volume paracentesis (43) and is clinically recognized as renal
impairment and electrolyte imbalance, particularly hyponatremia. In the only randomized
controlled trial comparing albumin infusion (10 g/L of ascitic fluid removed) vs no albu-
min with paracentesis, the incidence of circulatory dysfunction is significantly decreased
in the albumin group (30%) compared to the no albumin group (16%) (43). Albumin
seems to be most appropriate solution to prevent this complication of paracentesis, when
compared to other colloid solutions (55–59) or saline (60).

The use of albumin with every paracentesis has been challenged, as albumin is very
expensive, and carries the risk of transmitting unknown viruses or prion-related diseases
(7). This is based on the fact that the use of albumin did not affect either the morbidity or
mortality of the ascitic cirrhotic patients in the original study (43). Although a later study
showed that patients with postparacentesis circulatory dysfunction had significantly
decreased rates of survival at 1 yr, there has been no evidence that plasma expansion can
improve the outcome (55). A further study assessing the circulatory changes following a
5-L paracentesis could not confirm any changes in central blood volume, serum sodium
levels, or renal function when albumin was not infused with the paracentesis (61). This
may be related to the fact that patients in the last study had refractory ascites, and are sup-
posedly more resistant to the paracentesis-induced volume depletion (62), vs the very
initial study, which consisted of 30% of patients who were still diuretic sensitive (43).
Therefore, the most recent American Association for the Study of Liver Disease practice
guideline did not recommend the routine use of albumin with therapeutic paracentesis,
especially because a large proportion of the infused albumin is being degraded at an
accelerated rate following the infusion (63). Of course, the practice guidelines have been
counter-challenged (64). It is clear that further studies are needed. The International
Ascites Club recommends that until further results are available, the infusion of albumin
of 6–8 g is to be given per liter of ascitic fluid removed for paracentesis of greater than
5–6 L (8). To date, the predictive factors for the development of postparacentesis circu-
latory dysfunction have yet to be determined.

Single Total Paracentesis vs Repeat Large-Volume Paracenteses
Total paracentesis with albumin infusion has been shown to be as safe as repeat large

volume paracentesis in patients with tense ascites (65), including those with hyponatre-
mia (66). Total paracentesis without albumin infusion is associated with the development
of effective hypovolumia in at least 40% of patients, mainly owing to the exacerbation



Chapter 20 / Management of Ascites 309

of the arterial vasodilatation (67,68) followed by the activation of vasoconstrictor systems.
Albumin infusion was able to prevent the development of these deleterious hemodynamic
changes (69). Therefore, it is reasonable to perform a total paracentesis together with
albumin infusion in patients with tense ascites to reduce the frequency of paracenteses.

Patients who are treated with repeat large-volume paracenteses usually have refractory
ascites, and by definition are either resistant or unresponsive to diuretic therapy. Therefore,
they should not be placed on diuretic therapy after paracentesis. However, they have to
remain on sodium restriction to reduce the frequency of paracentesis. The “downside”
to a total paracentesis is that it may encourage noncompliance with sodium restriction,
as patients can get a quick relief from their rapidly accumulating ascites by requesting
a total paracentesis.

TRANSJUGULAR INTRAHEPATIC
PORTOSYSTEMIC STENT SHUNT (TIPS)

Because one of the pathogenetic mechanisms of sodium retention and ascites formation
in cirrhosis is sinusoidal portal hypertension (70–72), it stands to reason that reduction of
portal hypertension should result in increased sodium retention and eventual elimination
of ascites. Indeed, surgical portosystemic shunting, which lowers portal pressure, was
used several decades ago to treat intractable ascites (73). The advanced state of their liver
disease meant that many of the patients were unable to tolerate the surgery and mortality
was high. The advent of the nonsurgical portosystemic shunt within the liver, created
radiologically through the internal jugular vein, allowed the patients to undergo portal
pressure reduction without the attendant surgical risks (74). The addition of a metallic
stent improved the patency of the intrahepatic portosystemic shunt (75) and widened its
clinical applications. The TIPS shunt, as it is now known, functions like a side-to-side
portocaval shunt, and connects a branch of the hepatic vein to a branch of the portal vein,
thereby allowing decompression of the portal venous system (Fig. 2). It was first used
to treat refractory variceal bleeds (76). It was soon realized that in those patients who had
concomitant ascites, the ascites was either much reduced or became more responsive to
diuretic therapy. There followed a flurry of studies, assessing the use of TIPS as a treat-
ment for ascites. The overall results were very encouraging, with reduction of ascites or
elimination of ascites occurring in approximately two-thirds of the patients (77). But the
natriuretic response to TIPS, in the absence of diuretics, is not immediate. Rather, natri-
uresis is delayed for 1–2 wk post-TIPS (78), despite the fact the TIPS returns a significant
portion of the splanchnic volume to the systemic circulation and improves the filling of the
effective arterial circulation (78). This onset of natriuresis is related to the pre-TIPS renal
function and inversely to the patient’s age (78). Once natriuresis begins, it continues to
improve, so that at 6 mo after TIPS insertion, most patients are in a negative sodium bal-
ance on a 22 mmol sodium/d diet, allowing elimination of ascites (79). Once ascites dis-
appears, renal function improves (80); patients achieve positive nitrogen balance (81) and
report an improved sense of well being (82,83). During long-term follow-up, sodium load-
ing results in sodium retention in some, but not all, of these patients (80). Because the
factors involved in sodium retention post-TIPS are unknown, it is advisable for patients
to maintain some form of sodium restriction to prevent the recurrence of ascites.

The first randomized controlled trial comparing TIPS vs large-volume paracenteses
as a treatment for refractory ascites was reported in 1996 (84). The TIPS patients had sig-
nificantly higher mortality than those who received repeat large-volume paracentesis (84).
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It soon became obvious that the patients in Child–Pugh class C with advanced liver dys-
function did not survive beyond 6 mo, whereas those in Child–Pugh class B fared better
(84). Since then, there have been four other similar randomized controlled trials published
(85–88). All showed that TIPS was superior to repeat large-volume paracentesis as a
treatment for refractory ascites. In two of the published studies (88), there was a survival
benefit in the TIPS group without liver transplantation. However, this could not be con-
firmed in the other two published randomized controlled studies (86,87). Meta-analysis
of all the studies should provide the answer to the survival advantage of TIPS in ascites
patients.

Irrespective of whether TIPS provides a survival benefit or not, appropriate patients
with refractory ascites should be considered for this procedure, but TIPS is not the panacea
for every cirrhotic patient with ascites. There is sufficient evidence in the literature to
support that Child–Pugh class C patients fare poorly after TIPS insertion (77). This may
be related to the shunting of blood through the TIPS away from the sinusoids, thus mak-
ing the liver relatively ischemic after TIPS insertion (89). This could tip the patient into
liver failure if the pre-TIPS liver function is already borderline as in Child–Pugh class
C patients. In fact, one of the risk factors for mortality after TIPS insertion relates to the
severity liver dysfunction (bilirubin >51 µmol/L) (77). Pooled data from published liter-
ature also suggest that patients who are elderly (77,78) or with pre-TIPS renal impairment
(77,90) do not respond well to TIPS placement, and, therefore, should not be offered
TIPS, although TIPS has been reported to be effective in the management of hepatorenal
syndrome (91). Other contraindications to TIPS insertion include intrinsic renal disease
with urine protein >500 mg/24 h or active urinary sediment, grade III or IV hepatic
encephalopathy, cardiopulmonary disease, portal vein thrombosis, noncompliance with
sodium restriction, or the presence of carcinoma that is likely to limit patient’s life-span
to <1 yr (92). The insertion of TIPS increases the right atrial pressure and the pulmonary

Fig. 2. TIPS.



Chapter 20 / Management of Ascites 311

artery pressure by twofold (93). This can precipitate cardiac failure in patients with pre-
existing cardiopulmonary disease. A thrombosed portal vein makes it technically diffi-
cult to insert a TIPS and predisposes the patient to TIPS thrombosis. Noncompliance
with sodium restriction delays the elimination of ascites, whereas the insertion of TIPS
in someone with a known hepatoma may disseminate the tumor. Other relative contraindi-
cations include dental sepsis, spontaneous bacterial peritonitis, and active infection (pneu-
monia or urinary tract infection). This is to reduce the risks of infection in the TIPS, as TIPS
infection is very difficult to eradicate. Table 1 lists the selection criteria for TIPS insertion.

Complications of TIPS Insertion
The TIPS procedure itself is associated with its unique complications. Procedure-

related morbidity is 10% and procedure-related mortality is 2% (94). Early complications
include neck hematoma, hemobilia, puncture of the liver capsule causing intraabdominal
bleeding, and TIPS thrombosis (94). These complications should reduce with the experi-
ence of the procedurist. In the early post-TIPS period, deterioration of liver function may
occur as blood flow is shunted away from the liver. Deterioration in renal function may
occur in those with prior renal dysfunction (creatinine >2.5X upper limit of normal) and
may be exacerbated by exposure to radiographic dye. Cardiac failure can occur in patients
with unrecognized preexisting cardiac dysfunction. Late TIPS complications include
encephalopathy in 30% (77), endothelial hyperplasia causing shunt stenosis in up to 80%
of cases, shunt-related foreign-body type hemolysis (95), and reappearance of ascites in
noncompliant patients. Elderly patients (>60 yr) and those with pre-TIPS spontaneous
hepatic encephalopathy are more susceptible to post-TIPS encephalopathy (96). In most
cases, encephalopathy can be managed medically with lactulose or by reduction in shunt
size (97); however, refractory cases of encephalopathy were associated with 100% mor-
tality in most studies (77). Shunt stenosis is related to endothelial overgrowth. It is rec-
ommended that patients with TIPS should undergo regular ultrasound examinations at
three monthly intervals in the first year, and thereafter at six monthly intervals (98). TIPS
stenosis can be managed by either balloon dilatation or insertion of a new stent. The use
of covered stents has been shown to improve TIPS patency rate (99).

LIVER TRANSPLANTATION
The prognosis of cirrhotic patients with refractory ascites is poor, with 50% survival

at 6 mo (100). Therefore, all patients with ascites should be referred for consideration

Table 1
Patient Selection Criteria for TIPS Insertion

Age <65 yr
Normal cardiac and renal function
No prior history of encephalopathy
INR <2
Bilirubin <85 µmol/L
Child–Pugh score of <12
Absence of active infection
Patent portal vein
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for liver transplantation, as it is the only treatment option for ascites that has clearly shown
a survival benefit (101). Liver transplantation replaces the diseased liver, portal hyperten-
sion is reversed immediately, and normal liver function is restored. Ascites disappears
slowly over the course of the ensuing few months. Patients who develop renal dysfunc-
tion pretransplant (glomerular filtration rate <50 mL/min) do much worse after liver
transplantation (80 vs 50% survival at 15 mo, p < 0.05) with longer stays in intensive care
units and more infections (102–105). Therefore, every effort should be made to transplant
these patients before the onset of renal dysfunction. With the advent of living-related liver
transplantation, the waiting time to liver transplantation and, therefore, deaths while on
the waiting list should be reduced. However, careful selection of both donor and recipient
are necessary because of significant risks to the donor (106).

SUMMARY (FIG. 3)
Significant strides have been made in the past decade in the understanding of the

pathophysiology of ascites formation in cirrhosis. This has helped to forge new therapies
for the treatment of ascites. However, this has not translated into significantly improved
survival for these patients. The onus is on us, the treating physicians to recognize cirrho-
sis early, and to treat the underlying cause and the various complications, so to prevent
the patients from sliding into the downward spiral of decompensation.
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INTRODUCTION

The spontaneous bacterial infections that commonly occur in the setting of advanced
liver disease include spontaneous bacterial peritonitis (SBP) and spontaneous bactere-
mia (SB). SBP occurs only in the setting of liver disease: usually advanced cirrhosis, severe
subacute liver injury (e.g., alcoholic hepatitis), or fulminant liver failure. All cirrhotic
patients with ascites can develop SBP. The prevalence of SBP in unselected cirrhotic
patients with ascites admitted to a hospital ranges between 10 and 30% (1–3).

This chapter deals with the pathogenesis, diagnosis, and management of cirrhotic
patients with SBP. In addition, the role of prophylaxis of bacterial infections in cirrho-
sis, as well as salient points relating to other common infections in cirrhosis will also be
discussed.

PATHOGENESIS OF SBP

The normal host’s defenses against bacterial infection are multiple and usually quite
effective. They include the epitelial and mucosal barrier, motile and stationary phago-
cytes, and opsonins. However, in the setting of advanced liver disease, deficiencies or
dysfunction of all host defenses have been reported. Therefore, it is not surprising that
bacterial infection would be such a common complication of liver disease. In fact, cir-
rhosis is probably one of the most common forms of acquired immunodeficiency.
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Mucosal and Epithelial Barrier Dysfunction:
Bacterial Translocation

Most of the organisms that cause SBP are of enteric origin; the remaining bacteria are
respiratory or skin flora. An important question is to know how these bacteria may invade
mucosal or epithelial barriers, and enter the peritoneum. Bacterial translocation, a phenom-
enon defined as the passage of viable microorganisms from the gastrointestinal lumen
to mesenteric lymph nodes and other extragastrointestinal sites (4), has been postulated
as one of the main mechanisms, and probably one of the first steps in the pathogenesis of
SBP. In fact, the rat models of Runyon and of Planas and their coworkers virtually dupli-
cate every detail of SBP in humans (6,7).

The normal gut mucosa functions as a selective filter; Gram-negative aerobic bacteria
translocate more readily than Gram-positive aerobic bacteria, which, in turn, translocate
more readily than anaerobes (5). In cirrhotic rats with ascites, there is an increased pas-
sage of bacteria from the gastrointestinal lumen to gastroextraintestinal sites, including
mesenteric lymph nodes and the systemic circulation, much more commonly than normal
rats; the gut mucosa in the setting of cirrhosis is “leakier” than normal (6,7). Causes for
bacterial translocation are a disruption of the intestinal permeability barrier, bacterial
overgrowth, and/or decrease in host immune defense mechanism. In patients with cirrho-
sis, increased permeability of the gut has been shown to correlate with a poor prognosis
(8). It is of interest that gut permeability increases with exposure to alcohol and aspirin,
and decreases with portacaval shunting (9–11). The decrease in permeability with shunt-
ing may explain the decrease in risk of SBP in patients after portacaval shunts. The sub-
mucosa of the cecum of cirrhotic rats with ascites becomes markedly edematous and
inflamed, suggesting that portal hypertension could produce a rupture in the intestinal
permeability barrier in these animals and thus favor bacterial translocation (7). Changes
in the permeability of the intestinal mucosa have also been seen in hemorrhagic shock
(12), sepsis, injury, or administration of endotoxin.

Even prior to translocation, pathological processes develop in the setting of cirrhosis
that would predictably lead to an increased risk of translocation. One of the most impor-
tant risk factors for translocation is overgrowth of gut flora; 100% of normal mice will
translocate if given a large oral dose of Escheridia coli (13). A normal human was docu-
mented to translocate Candida albicans and develop fungemia and funguria after drink-
ing a large oral inoculum (14). Overgrowth of gut Gram-negative bacterias with subsequent
translocation of the overgrowing flora has been documented in an animal model of cir-
rhosis (15), and Gram-negative bacilli have been found to be significantly increased in
the jejunal flora of many cirrhotic patients. In turn, the overgrowth of indigenous flora
may be due to the altered bowel motility that has been documented to occur in patients with
cirrhosis (16). The change in the intestinal flora caused by the abnormal small bowel
colonization in cirrhosis may increase the chance of aerobic Gram-negative bacteria invad-
ing the boodstream and cause infections of enteric origin in these patients. In fact, in two
different experimental studies performed in ascitic cirrhotic rats, bacterial overgrown
and bacterial translocation decreased by accelerating intestinal transit, either with pro-
pranolol or with cisapride (17,18).

Bile acids can also be involved in the pathogenesis of bacterial translocation. In cir-
rhotic patients, bile acid secretion is markedly diminished (19). Such decreased secretion
should result in a lowered intraluminal concentration of conjugated bile acids. Because
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bile acids are bacteriostatic, their decreased intraluminal concentration might well pro-
mote bacterial growth, leading to still more deconjugation, and initiating a vicious cycle.
The final result of this vicious cycle would be bacterial translocation and endotoxemia.
Recently, it has been demonstrated that the administration of conjugated bile acids (cholyl-
sarcosine and cholylglycine) to ascitic cirrhotic rats caused increased bile secretion and
led to inhibition of bacterial proliferation in the small intestine, decreased bacterial trans-
location, decreased endotoxemia, and increased survival (20).

The exact route by which bacteria translocate and the site in the gut where the process
is most common are not yet clear. The colon is more permeable than the small bowel and
the bacterial load of the colon is many logs greater than that of the small bowel. Clearly,
bacteria may leave the intestinal lumen by passing between the tight junctions of mucosal
cells or via transcellular passage directly through intact mucosal cells. The gut edema that
has been documented in patients with cirrhosis may lead to leaky tight junctions between
colonocytes and paracellular passage of bacteria (21). Alternatively, bacteria may pass
intracellularly (22). Some bacteria may pass by one route and other bacteria by another
route, depending on bacterial virulence factors and local mucosal defense mechanisms.

Several abnormalities peculiar to decompensated cirrhosis may decrease local resis-
tance of the intestinal mucosa to bacterial invasion. First, in patients with decompensated
portal hypertension, the splanchnic veins and lymphatics are congested and edema of all
splanchnic tissues may exist, thus affecting adversely the mucosal barrier to bacterial
invasion. Consequently, the bowel wall is edematous and often inflamed, and the intes-
tinal mucosa is frequently severely degenerated. This underlying mucosal inflammation
or secondary irritation may increase the permeability of the mucosal barrier. Finally, qual-
itative and quantitative abnormalities in the distribution of intestinal bacteria have been
demonstrated in cirrhosis, with Gram-negative bacilli significantly increased in the jejunal
flora.

When bacteria penetrate the intestinal mucosa into the submucosal tissues, the intesti-
nal lymphatics carry them to the major lymphatic channels and eventually via the thora-
cic duct into the systemic circulation causing a bacteremia. This bacteremia delivers the
organism to the ascitic fluid. This hematogenous route appears to be the most reasona-
ble mechanism to explain the spontaneous bacterial contamination of ascites. Moreover,
the depression of the hepatic reticuloendothelial system activity, which causes failure
of the liver in “filtering” these bacteria, may allow passage of microorganisms from the
bowel lumen to the systemic circulation via the portal vein.

Complement Deficiency and Phagocyte Dysfunction
In general, bacteria causing systemic infection cannot be killed by humoral factors

(complement) alone. Coating of bacteria with complement renders them more easily rec-
ognizable as foreign and digestible by phagocytes. For optimal killing of bacteria, ade-
quate levels of complement are required, as well as optimally functional phagocytes.
Unfortunately, cirrhosis is probably the most common form of acquired complement defi-
ciency (23,24) and dysfunction of both motile phagocytes (neutrophils) and stationary
phagocytes (Kupffer cells) is common in the setting of severe liver disease (25–28).

For translocation to become clinically significant, i.e., for it to lead to SBP, bacteremia,
or postoperative infection, a failure of local and systemic immune defenses should also be
present. That is, in a healthy, nonimmunocompromised host, translocated bacteria may
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reach MLN but these will usually be phagocytosed prior to multiplication and seeding
of blood and other sites. The majority of patients with cirrhosis and ascites have deficient
serum complement levels; some have levels low enough to be comparable to those of
patients with congenital complement deficiency. Because complement is required for the
opsonization of most virulent organisms, complement deficiency would be expected to
predispose to bacterial infections, including bacteremia. The ascitic fluid in patients with
advanced cirrhosis is characterized by deficient complement and albumin, which reduce
the opsonozing capacity of the ascitic fluid. The concentration of the third and fourth com-
ponents of complement in low-protein ascitic fluid can be very low, even undetectable.

Neutrophils are attracted to areas of bacterial invasion by bacterial activation of com-
plement. If complement is not activated adequately or neutrophils do not respond appro-
priately, neutrophil-mediated killing of bacteria does not occur. Kupffer cells extract
bacteria from the blood to minimize the duration and severity of bacteremia. If the portal
blood bypasses the Kupffer cells and flows through collaterals instead, or if there is a
qualitative defect in Kupffer cell function, bacteremia would be expected to be frequent
and prolonged.

In summary, the infectious process probably starts by colonization of the gut, urinary
bladder, pharynx, or skin by supranormal numbers of bacteria (Fig. 1). Intestinal bac-

Fig. 1. Proposed pathogenic hypothesis for spontaneous bacterial peritonitis. RES: Reticuloendothelial
system.
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terial overgrowth has been documented in patients and rats with cirrhosis (15,29,30). In
the gut, bacterial overgrowth predictably leads to extragastrointestinal dissemination of
bacteria with colonization of mesenteric lymph nodes by these bacteria (6,15). Mesen-
teric lymphatics are under high pressure with high flow rates in the setting of cirrhosis.
It is possible that bacteria-laden lymph could leak directly into ascitic fluid from lym-
phatics that have ruptured under pression, thereby colonizing the ascitic fluid. Alterna-
tively, the bacteria could enter the systemic circulation and then leak across Glisson’s
capsule into ascitic fluid as contaminated lymph. The portal route could be another less-
frequent alternative way of bacterial entrance. Defective neutrophils and poor Kupffer
cell function would permit this bacteremia. Spontaneous bacteremia has then occurred.
By either the direct lymphatic leak route or the circuitous bacteremia route, bacterascites
can develop. Now a battle between the organisms’ virulence factors and host’s defenses
begins. The first lines of defense are ascitic fluid complement and peritoneal macrophages.
If the peritoneal macrophages together with complement are unsuccessful in eradicating
the colonization, complement is activated and neutrophils are attracted into the ascitic
fluid. SBP has then occurred. Although fewer data are available to help explain the patho-
genesis of spontaneous bacteremia caused by pneumonia, urinary tract infection, or cel-
lulites, the basic mechanisms are probably similar to those of SBP, that is, multiple defects
in host defense.

DIAGNOSIS OF SBP

The high prevalence of immunodeficiency among patients with severe acute or chronic
liver disease combined with the high prevalence of bacterial infection should lead to a
high index of suspicion of bacterial infection on the part of the physicians caring for these
patients. All cirrhotic patients with ascites can develop SBP. Although 87% of patients
with SBP have signs or symptoms of infection (including 68% with fever, 49% with abdom-
inal pain, and 54% with mental status change), 13% have no such findings and the change
in mental status may be very subtle or misinterpreted as a manifestation of something
other than an infection. Bacterial infection may be manifested only by acidosis, azotemia,
peripheral leukocytosis, or hypotension or by impairment of liver function or renal fail-
ure as the predominant or only features. Moreover, SBP may be asymptomatic or there
may be minor symptoms only, particularly when the diagnosis of the infection is made
at hospital admission. Therefore, a high index of suspicion of infection is required for
early detection and early treatment of the infection and maximum survival of the patient.

A diagnostic paracentesis should be performed on hospital admission in all cirrhotic
patients with ascites to investigate the presence of SBP, even in patients admitted for
reasons other than ascites. A diagnostic tap should also be performed in hospitalized
patients with ascites if and when they develop any of the following: (a) local symptoms
or signs suggestive of peritoneal infection, such as abdominal pain, rebound tenderness,
or clinically relevant alterations of gastrointestinal motility (i.e., vomiting, diarrhea, ileus);
(b) systemic signs of infection, such as fever, leukocytosis, or septic shock; (c) hepatic
encephalopathy or rapid impairment in renal function without any clear precipitating fac-
tor; and (d) in patients with ascites and gastrointestinal hemorrhage before the adminis-
tration of prophylactic antibiotics (31) (Table 1).

On the basis of currently available data, the greatest sensitivity for the diagnosis of
SBP is reached with a cutoff polymorphonuclear leukocytes (PMN) count of 250/mm3,
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although the greatest specificity is reached with a cutoff of 500 PMN/mm3. In patients
with bloody ascitic fluid, a correction factor of 1 PMN per 250 red blood cells (RBC) has
been proposed because this is the maximum expected ratio of PMN to RBCs normally
present in peripheral blood.

A PMN count of more than 250/mm3 is highly suspicious of SBP and constitutes an indi-
cation to empirically initiate antibiotic treatment prior to and independent of ascites bac-
teriological culture results. Although an ascitic fluid PMN count greater than 500/mm3

is more specific for the diagnosis of SBP, the risk of not treating the few patients with
SBP who have an ascites PMN between 250 and 500/mm3 is unacceptable. An ascitic
fluid PMN count of less than 250/mm3 excludes the diagnosis of SBP.

The use of reagent strips for leukocyte esterase designed for testing of urine has recently
shown to be useful in the diagnosis of SBP; only 1 of 52 cases with reagent strip result
of 3+ to 4+ was misclassified (i.e., did not have SBP) (32). However, reagent strip results
of 1+ and 2+ (indicative of 25 and 75 PMN/mL, respectively), which constituted the
majority of the cases, would have misclassified 6 of 57 cases of SBP (i.e., these patients
would have not been treated), although five of them had PMN counts >250/mm3 but
<500/mm3.

Culture of ascitic fluid should be performed at the bedside using blood culture bottles,
including both aerobic and anaerobic media, and blood cultures should also be obtained
before initiating antibiotic administration. The minimum amount of ascitic fluid inocu-
lated in each bottle should be 10 mL. However, even using the method of inoculating
ascites into blood culture bottles, cultures are still negative in approx 30–50% of patients
with an increased ascites PMN count. This low proportion of positive ascitic fluid cul-
tures is probably a result of the relatively low concentration of bacteria in ascitic fluid
compared to infections in other organic fluids, such as urine. In a significant proportion
of patients with SBP, blood cultures are positive, in these cases, bacteria isolated from
peripheral blood are presumably the same bacteria causing SBP. Despite negative ascitic
and blood cultures, patients with an increased ascites PMN count should be considered as
having SBP. At present, the Gram stain of a smear of sediment of ascetic fluid is positive

Table 1
Recommendations on Diagnosis of Spontaneous Bacterial Peritonitis

1. Diagnostic parecentesis in cirrhosis with ascites:
At hospital admission for the study/treatment of an episode of ascites
Whenever a cirrhotic patient develops any of the following:
— Local signs of peritonitis (pain, diarrhea, ileus, vomiting)
— Systemic signs of infection (fever, leukocytosis, septic shock)
— Hepatic encephalopathy without any clear precipitating factor
— Rapid renal function impairment without an apparent cause
Prior to antibiotic prophylaxis, if gastrointestinal bleeding

2. Diagnosis of spontaneous bacterial peritonitis based on ascitic fluid PMN count >250/mm3

3. Cultures:
Ascitic fluid culture: bedside inoculation into blood culture bottles (minimum amount:

10 mL)
Blood cultures simultaneous to ascitic fluid cultures
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in only a few cases, probably because SBP is usually diagnosed at very early stages of the
infection, when the concentration of organisms in ascites is very low. In patients with hep-
atic hydrothorax in whom an infection is suspected and in whom SBP has been ruled out,
a diagnostic thoracentesis should be performed given that spontaneous bacterial empyema
may occur in the absence of ascites or SBP (33).

Although the vast majority of cirrhotic patients with ascites and peritoneal infection
have SBP, a small group of patients could have bacterial peritonitis secondary to perfora-
tion or acute inflammation of intraabdominal organs, abdominal wall infections, or pre-
vious abdominal surgical procedures. With the exception of the two latter conditions, the
differential diagnosis between spontaneous and secondary peritonitis can occasionally
be difficult, but it is very important because secondary peritonitis usually does not resolve
unless patients are treated surgically. Secondary peritonitis should be suspected when
there is one of the following conditions: lack of response to antibiotic treatment, more than
one organism isolated from ascites (particularly when the growth of anaerobic bacteria
or fungi is observed), and when in the ascitic fluid the glucose levels are below 50 mg/dL,
the protein concentration is higher than 10 g/L and lactic dehydrogenase concentration is
above normal serum levels (34) (Table 2). When secondary peritonitis is suspected, anti-
biotic treatment should include antimicrobial agents against anaerobic organisms and
enterococci, and the presence of secondary peritonitis should be properly investigated.

MANAGEMENT OF SBP

The prognosis of SBP has varied to a great extent since its clinical description in 1971.
In the 78 episodes of SBP analyzed in the study by Conn and Fessel, the hospital mortality
rate was approx 95% (35). Survival rates and resolution of infection rates improved dra-
matically in the 1980s to 37–77% and 50–85%, respectively. This trend has been con-
firmed in the reports of the last decade with corresponding figures of 74–83% and 83–92%,
respectively (36,37) (Fig. 2). Early diagnosis and the initiation of prompt effective anti-
biotic therapy have played key roles in decreasing the mortality associated with SBP.

Because SBP is a serious infection that may precipitate numerous potentially lethal
complications (septic shock, progressive circulatory and renal impairment, liver failure),
empirical antibiotic therapy must be started as soon as the diagnosis of the infection is
established, without prior knowledge of the causative organisms and their in vitro suscep-
tibility. Because Gram-negative aerobic bacteria from the family of Enterobacteriaceae
and nonenterococcal Streptococcus spp. are the most common causative organisms, the
initial empirical antibiotic therapy of SBP should cover these organisms. Moreover, the

Table 2
Suspicion of Secondary Peritonitis

— Lack of response to antibiotic treatment
— Two or more organisms isolated in ascitic fluid (particularly anaerobes or fungi)
— At least two of the following findings in ascitic fluid:

• Glucose <50 mg/dL
• Protein >10 g/L
• Lactic dehydrogenase >normal serum levels
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pharmacokinetic properties of the antibiotics selected should be adequate to treat peri-
toneal infection, with an antibiotic concentration in ascitic fluid above MIC90 of caus-
ative microorganisms.

Cefotaxime and Other Cephalosporins
A landmark study comparing the combination ampicillin/tobramycin (a classic anti-

biotic regim) with cefotaxime demonstrated that cefotaxime was more effective and
safer than the association of tobramycin-ampicillin and that the survival rate at the end
of hospitalization was also greater in patients treated with cefotaxime (38). This study
set the stage for subsequent studies that established cefotaxime and other third-genera-
tion cephalosporins as the first choice antimicrobial agents in the treatment of SBP (31).
The cure rate with these antibiotics ranges between 80% and 94% (31). The combination
of amoxicillin and clavulanic acid (initially intravenous (iv) and then orally) has been
shown to be as effective as cefotaxime in the treatment of SBP (39).

Two randomized controlled trials assessing the optimal duration of therapy and dos-
age of cefotaxime in cirrhotic patients with SBP have been reported. One of these trials
showed that 5-d therapy with cefotaxime (2 g iv every 8 h) was as effective as 10-d ther-
apy in relation to the rate of resolution of infection (91.2% vs 93.1%), and hospital mortal-
ity rates (42.5% vs 32.6%) (40). Another trial reported similar rates of SBP resolution
and patient survival in cirrhotic patients with SBP receiving cefotaxime at a dose of either
2 g/6 h or 2 g/12 h (41). The results of these two trials suggest that the high efficacy of
cefotaxime in SBP can be maintained with short-course administration of this antimicro-
bial agent and with doses lower than those formerly used, with a significant reduction in
the cost of the antibiotic. In Table 3 the results obtained with cefotaxime in the treatment
of SBP are shown.

Fig. 2. Survival rates of spontaneous bacterial peritonitis and resolution of infection rates have been
improved dramatically in the last decades. Early diagnosis and the initiation of prompt effective anti-
biotic therapy have played key roles in decreasing the mortality associated with spontaneous bacterial
peritonitis.
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The rate of SBP resolution and patient survival has been found to be very high with the
use of other cephalosporins, including ceftriaxone, cefonicid, ceftazidime, and ceftizoxime
(31), with no differences as compared to that reported with the use of cefotaxime.

Oral Antibiotics
In most instances, patients with SBP are in relatively good clinical condition and may

be treated orally. Navasa et al. (42) reported the results of a randomized controlled trial
in patients with nonseverely complicated SBP comparing oral ofloxacin (400 mg/12 h) to
iv cefotaxime (2 g/6 h). The results of this study strongly suggest that oral ofloxacin is as
effective as intravenous cefotaxime in the treatment of patients with uncomplicated SBP
(no shock, ileus, gastrointestinal hamorrhage, profound hepatic encephalopathy, or serum
creatinine >3 mg/dL). The investigators also suggest that a special small subgroup may be
treated as outpatients. Although this idea carries great potential, clearly more such patients
need to be studied before a general recommendation about outpatient can be made.

A study showed that iv ciprofloxacin was as useful as ciprofloxacin used intravenously
during 2 d followed by oral ciprofoxacin (43); however, resolution rates (76–78%) ap-
peared to be lower than those reported in the earlier ofloxacin study (95%) or with the
use of cefotaxime or with amoxicillin/clavulanate.

Aminoglycosides
As mentioned above, the usefulness of the association of ampicillin and tobramycin has

been assessed in cirrhotic patients with severe infections (38). Other combinations in-
cluded cephalotin with either gentamicin or tobramycin, and mezlocillin with netilmicin
(44). The efficacy of these combinations is only moderate and, importantly, they are asso-
ciated with a high incidence of nephrotoxicity. Cirrhotic patients are particularly prone
to develop nephrotoxicity from aminoglycosides (45) and this is further supported by a
recent retrospective case-control study that demonstrated that the presence of ascites and
the use of aminoglycoside antibiotics were the only independent predictors of renal dys-
function in hospitalized cirrhotic patients (46). Therefore, aminoglycosides should be
avoided in cirrhotic patients and should only be considered as a last resort in the treat-
ment of SBP and other infections in cirrhosis.

Table 3
Cefotaxime in the Treatment of Spontaneous Bacterial Peritonitis

Spontaneous bacterial
peritonitis resolution (%) Hospital survival (%)

Felisart et al. (38) (2 g/4 h) 86 73
Runyon et al. (40)

5 d treatment 93 67
10 d treatment 91 42

Rimola et al. (41)
2 g/6 h 75 69
2 g/12 h 79 62
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Antibiotics in Patients on Chronic Quinolone Prophylaxis
At present, some patients developing SBP are receiving prophylaxis with quinolones.

As expected, the use of norfloxacin prophylaxis has modified the microbial epidemiology
of bacterial infections in cirrhosis. Duperyron et al. observed the presence of quinolone-
resistant strains of Gram-negative bacteria in the stool of cirrhotic patients on norfloxacin
(47), and this has recently been confirmed in a trial by Bauer et al. comparing daily nor-
floxacin to weekly rufloxacin in the prevention of SBP (48). In another study, Novella
et al. showed that 90% of E. coli isolated (mostly from urinary infections) from patients
on continuous long-term norfloxacin prophylaxis were resistant to quinolones (49). A
large prospective study by Fernández et al. (50) showed that 65% of Gram-negative
bacteria isolated from patients on long-term norfloxacin were quinolone-resistant com-
pared to only 29% of Gram-negative bacteria from patients not on long-term norfloxacin.
Importantly, trimethoprim/sulfamethoxazole resistance was also significantly more fre-
quent in Gram-negative bacteria isolated from patients on long-term norfloxacin (68%
vs 44%) (Table 4). An interesting point in the evolution of quinolone resistance in patients
with cirrhosis receiving prophylaxis with norfloxacin has been the maintenance of a high
efficacy despite the evidence that norfloxacin is unable to maintain a selective intestinal
decontamination (48). Different explanations have been proposed for this phenomenon,
including a reduction in the intestinal overgrowth, a diminution in the bacterial adhesion
resulting in a decreased translocation capacity, and a favorable effect of quinolones upon
nonspecific immune defenses. Additionally, the rate of methicillin-resistant Staphylo-
coccus aureus (MRSA) infections has also been associated with prior antibiotic therapy
and norfloxacin prophylaxis in cirrhotics (51,52).

Although there have been no prospective trials of SBP therapy in patients on prophylac-
tic antibiotics, a large retrospective study compared clinical characteristics and response
to therapy of patients with and without norfloxacin prophylaxis (53). Most (83%) patients
in this study were treated with cefotaxime and there were no differences both in infection
resolution between patients receiving or not receiving prophylaxis treatment (100 vs 91%)
and in hospital mortality (20 vs 26%). In another report of 39 infections caused by E. coli
resistant to norfloxacin, infections were shown to be equally severe than those caused by
norfloxacin-sensitive E. coli and none were shown to be resistant to cefotaxime, whereas
one was resistant to amoxicillin/clavulanate (54).

In a recent study that compared cefotaxime vs amoxicillin/clavulanate in the treatment
of infections in cirrhosis, 22 patients were undergoing prophylaxis with norfloxacin (55).

Table 4
Infections in Cirrhotic Patients in Relation to Norfloxacin Prophylaxis (50)

No prophylaxis Norfloxacin
(n = 414) prophylaxis (n = 93) P value

Gram-negative infections 46% 52% N.S.
Quinolone-resistant 29% 65% 0.002
TMP-SMX*-resistant 44% 68% 0.02
Gram-positive infections 46% 42% N.S.
Mixed infections 8% 6% N.S.

*TMP-SMX: Trimethoprim-sulfamethoxazole.
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Infection resolution was achieved in all 10 patients in the amoxicillin/clavulanic acid
group and in 10 of 12 patients in the cefotaxime group. This difference was not statistically
significant but there was a trend for a higher resolution rate in the amoxicillin/clavulanate
group, which will require confirmation in larger controlled trials.

Taking into account all of these results, for patients developing SBP while under qui-
nolone prophylaxis, cefotaxime administration appears as the most adequate antibiotic
regimen. However, given the higher rate of Gram-positive cocci infections, particularly
MRSA, in patients on norfloxacin prophylaxis, the addition of vancomycin should be con-
sidered in patients who fail therapy and in whom ascites culture is negative.

Adjunts to Antibiotic Therapy
In one-third of patients with SBP, renal impairment develops despite treatment of

their infection with nonnephrotoxic antibiotics. This deterioration of renal function is
the most sensitive predictor of in-hospital mortality (56) (Table 5). Renal impairment
occurs in patients with the highest concentrations of cytokines in plasma and ascitic fluid
and is associated with a marked activation of the renin-angiotensin system (57). Therefore,
it is considered that renal impairment in SBP occurs as a result of a further decrease in
effective arterial blood volume, which in turn results from a cytokine-mediated aggrava-
tion of vasodilatation (Fig. 3).

Recently, a prospective randomized study comparing cefotaxime plus albumin with
cefotaxime alone was performed in 126 patients with SBP with the objective of determin-
ing whether plasma volume expansion with albumin could prevent this impairment in
renal function and improve survival in patients with SBP. The dose of albumin admin-
istered was 1.5 g/kg of body weight during the first 6 h after the diagnosis of SBP, followed
by 1 g/kg on d 3. Although the rate of infection resolution was similar in both groups
(94% in the cefotaxime group vs 98% in the cefotaxime + albumin group), patients who
received albumin had significantly lower rates of renal dysfunction (10% vs 33%), in-
hospital mortality (10% vs 29%), and 3-mo mortality (22% vs 41%) compared to patients
who did not receive albumin (58). Thus, in patients with cirrhosis and SBP, treatment with
iv albumin in addition to an antibiotic reduces the incidence of renal impairment and death
in comparison with an antibiotic alone. Patients treated with cefotaxime had higher levels
of plasma renin activity than those treated with cefotaxime and albumin; patients with
renal impairment had the highest values. Thus, the most likely explanation for the reduced

Table 5
Hospital Mortality According to the Evolution of Kidney

Function in 231 SBP Episodes that Responded to Treatment (56)

SBP-RI status Number Deaths

Episodes without SBP-RI 166 12 (7%)
Episodes with SBP-RI 65 27 (42%)*
Transient SBP-RI 21 1 (5%)
Steady SBP-RI 26 8 (31%)*
Progressive SBP-RI 181 181 (100%)*

SBP-RI: Renal impairment induced by an episode of SBP; *p = 0.001
vs episodes without SBP-RI.
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rate of early mortality in patients who were treated with albumin is that such treatment
prevents circulatory disfunction (i.e., maintaining the effective arterial blood volume)
and the subsequent activation of vasoconstrictor systems. The in-patient mortality rate
of 10% is the lowest described so far for SBP. The group of patients that appeared to be
more likely to benefit from the addition of albumin was characterized by having a serum
bilirubin level of >4 mg/dL and evidence of renal impairment at baseline (blood urea
nitrogen >30 mg/dL and/or creatinine >1.0 mg/dL) (Fig. 4).

Intravenous albumin is expensive and has limited availability in some settings. There-
fore, studies should be performed to determine whether treatment of SBP with lower doses
of albumin or with artificial plasma expanders, which are less expensive, would have
similar beneficial effects on renal function and survival. On the other hand, a prior study
from the same investigators had identified a subgroup of patients with SBP that had an
excellent prognosis (100% SBP resolution and 100% survival) with antibiotic therapy
alone (42). Probably, this subgroup would not require adjunctive therapy with albumin and
is characterized by having a community-acquired SBP, no encephalopathy and a blood
urea nitrogen <25 mg/dL (Table 6).

ROLE OF PROPHYLAXIS
As the gut appears to be the main source of bacteria that cause SBP, prophylaxis of SBP

has been based on the oral administration of nonabsorbable or poorly absorbed antibiotics
that will eliminate or reduce the concentration of Gram-negative gut bacteria without
affecting Gram-positive organisms or anaerobes (selective intestinal decontamination).
Long-term administration of orally administered norfloxacin, a poorly absorbed quinolone,
has been shown to produce a marked reduction of GNB from the fecal flora of cirrhotic
patients with no significant effects on GPC or anaerobic bacteria (52).

Fig. 3. Proposed sequence of events leading to renal impairment in patients with spontaneous bacte-
rial peritonitis. Albumin administration prevents circulatory disfunction (i.e., maintaining the effec-
tive arterial blood volume) and the subsequent activation of vasoconstrictor systems.
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Nevertheless, the high incidence of quinolone and trimethoprim/sulfamethoxazole
resistant strains of E. coli isolated in decontaminated cirrhotic patients underlines the
necessity of restricting the administration of prophylactic antibiotics only to those patients
at the greatest risk of SBP. In addition, the increasing emergence of infections caused
by quinolone and trimethoprim/sulfamethoxazole-resistant strains of Gram-negative bacilli
also suggests that the effectiveness of selective intestinal decontamination will decrease
with time owing to their widespread use. Thus, further studies are needed to evaluate alter-
native prophylactic measures such as other antibiotic regimes and nonantibiotic proce-
dures in SBP prophylaxis.

Prevention of SBP Recurrence
Patients who have recovered from an episode of SBP are at a high risk of developing

SBP recurrence. These patients have a 1-yr probability of SBP recurrence of 40–70% (59,60).

Fig. 4. Incidence of renal impairment induced by spontaneous bacterial peritonitis in patients treated
with cefotaxime alone or associated with albumin administration grouped according different
levels of total bilirubin and/or serum creatinine (58).

Table 6
Predictors of Good Outcome

(100% of Infection Resolution and Survival)
of Spontaneous Bacterial Peritonitis (42)

— Uncomplicated Spontaneous Bacterial Peritonitis
• No gastrointestinal hemorrhage
• No severe hepatic encephalopathy
• No septic shock
• No ileus
• Serum creatinine <3 mg/dL

— Community-acquired infection
— BUN <25 mg/dL
— No hepatic encephalopathy
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In a double-blind placebo-controlled study, continuous oral norfloxacin was shown to
significantly decrease the 1-yr probability of developing recurrent SBP from 68% (in the
placebo group) to 20% (in the norfloxacin group). This was even more obvious for the
probability of developing SBP caused by Gram-negative organisms, which was reduced
from 60% to 3% (60). Therefore, long-term selective intestinal decontamination dramati-
cally decreases the rate of SBP recurrence in patients with SBP. Long-term prophylaxis
with oral norfloxacin at a dose of 400 mg every day is indicated in patients who have recov-
ered from an episode of SBP and should be initiated as soon as the course of antibiotics
for the acute event is completed. Prophylaxis should be continuous until disappearance of
ascites, death, or transplant (31).

Prevention of Bacterial Infections
in Cirrhotic Patients with Gastrointestinal Hemorrhage

All cirrhotic patients with upper gastrointestinal hemorrhage, independent of the
presence or absence of ascites, are predisposed to develop severe bacterial infections,
including SBP, within the first days of the hemorrhagic episode. Approximately 20% of
these patients are already infected at admission to the hospital (61), and between 30%
and 40% of patients develop a nosocomial bacterial infection during hospitalization (61,
62). This extremely high incidence of bacterial infections seems to be related to several
dysfunctions that occur in bleeding patients as a consequence of the acute hemorrhage,
such as depression of the activity of the reticuloendothelial system, alteration of intes-
tinal permeability, and an increase in bacterial translocation. These alterations could be
especially aggravated in patients with cirrhosis.

Because most microorganisms causing infection in cirrhotic patients are of enteric
origin, the initial investigations addressed the effectiveness of prophylactic intestinal
decontamination in these patients. Two randomized, controlled studies have demonstrated
that selective intestinal decontamination with oral administration of antibiotics is effective
in preventing bacterial infection in cirrhotic patients with gastrointestinal hemorrhage
(62,63). Three other studies show that iv antibiotics or fully absorbed oral antibiotics are
also effective in preventing infections, including SBP, in cirrhotic patients with gastro-
intestinal bleeding (64–66) (Fig. 5).

A meta-analysis of these five randomized trials shows that short-term antibiotic pro-
phylaxis significantly increased the mean percentage of patients free of infection (32%
mean improvement rate, 95% confidence interval [CI]: 22–42; p < 0.001), bacteremia
and/or SBP (19% mean improvement rate, 95% CI: 11–26; p < 0.001), and SBP (7% mean
improvement rate, 95% CI: 2.1–12.6; p = 0.006). Antibiotic prophylaxis also significantly
increased the mean survival rate (9.1% mean improvement rate, 95% CI: 2.9–15.3; p =
0.004), without significant heterogeneity (67). Another more recent meta-analysis that
also included two small randomized trials of antibiotic prophylaxis immediately prior
to sclerotherapy also concluded that antibiotic prophylaxis for cirrhotic patients with
gastrointestinal bleeding is efficacious in reducing the number of deaths and bacterial
infections (68).

Based on the above, short (7 d) prophylaxis is recommended in cirrhotic patients admitted
with gastrointestinal hemorrhage, independent of the presence or absence of ascites,
because this measure is effective in preventing bacterial infections and improving survi-
val (31). Although several antibiotic regimens are useful in these patients, oral administra-
tion of norfloxacin at a dose of 400 mg twice a day, appears to be the first-choice antibiotic
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prophylaxis owing to its simpler administration and lower cost. In patients in whom it
cannot be administered by mouth or through a nasogastric tube, systemic antibiotics can
be administered.

Prophylaxis in Ascitic Cirrhotic Patients
without Prior SBP or Gastrointestinal Hemorrhage

Ascites protein content has been shown to be a good predictor of SBP. Patients with
a low (<1.0 g/dL) ascites protein (who receive short-term prophylaxis if and when they
develop gastrointestinal hemorrhage) have a 1-yr probability of developing SBP of around
20% (69), and of 40% (in patients who did not receive this prophylaxis) (70). The risk of
SBP in patients without a previous history of SBP and with an ascites protein content >1.0
g/dL is very low, with 1-yr and 3-yr probabilities of 0 and 3%, respectively (69). There-
fore, long-term prophylactic administration of antibiotics is not necessary because the
risk of SBP in these patients is negligible provided adequate prophylaxis is administered
if and when gastrointestinal hemorrhage develops in the course of the disease (31).

Several studies have assessed the effect of prophylaxis of SBP in nonbleeding cirrho-
tic patients with ascites: two of them have used norfloxacin and other antibiotic regimens
in the other two studies. The first study included 63 cirrhotic patients admitted to hospital
for the treatment of an episode of ascites with an ascitic fluid total protein concentration
lower than 15 g/L, some of whom had had a previous episode of SBP. In this inhomo-
geneous population, the administration of norfloxacin, 400 mg/d throughout the hospi-
talization period, decreased the in-hospital incidence of SBP from 22% in the control
group to 0% in the treated group (71). The second controlled double-blind trial of oral nor-
floxacin in the primary prophylaxis of SBP included cirrhotic patients with low ascites pro-
tein (<15 g/L) and no previous episodes of SBP. In this study, the 6-mo incidence of SBP
was 0% in the group of patients prophylactically treated with norfloxacin, 400 mg/d,
compared with 11% in patients treated with placebo. Nevertheless, the incidence of SBP
caused by Gram-negative organisms (the only type that can be prevented by norfloxacin

Fig. 5. Both selective intestinal decontamination (62,63) and systemic administration of prophylactic
antibiotic agents (64–66) significantly decreased the mean percentage of patients free of infection in
all five studies represented.
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prophylaxis) in the two groups was not statistically different: 0% in the norfloxacin group
and 5% in the placebo group (72).

Other antibiotic regimes have been evaluated in the prevention of SBP in high-risk
patients. A placebo-controlled study demonstrated that 6-mo prophylaxis with ciproflox-
acin, 750 mg weekly, was effective in reducing the incidence of SBP in cirrhotic patients
with low ascitic fluid protein concentration: 4% in the treated group and 22% in the
placebo-control group (73). In this study, patients with and without a previous episode
of SBP were included together and no attempt was made to evaluate the development of
SBP in these two subgroups of patients separately. Finally, Singh et al. (74) have shown
that trimethoprim/sulfamethoxazole is also effective in the prevention of SBP in 60 cir-
rhotic patients with ascites. The incidence of SBP during the study period (medium follow-
up of only 90 d) was 3% in the treated group and 27% in the control group. Again, patients
with different risk of SBP were analyzed together: patients with low and high ascitic fluid
protein and patients with and without previous SBP episodes.

In patients with low protein content in ascitic fluid who have never had SBP the recom-
mendation of antibiotic prophylaxis is difficult to establish, owing to the mentioned heter-
ogeneity of the published studies, which included patients with low and high risk of SBP
together. This is the main reason for the lack of consensus (30) because, despite the posi-
tive results of all the studies abovementioned, they have been unable to identify subsets
of patients who clearly benefit from this therapy (Table 7).

In a recent study, Guarner et al. (75) have identified a subgroup of patients at high risk
of developing a first episode of SBP, among 109 cirrhotic patients with ascites protein
levels of <10 g/L. Patients with high serum bilirubin (>3.2 mg/dL) and/or low platelet
count (<98,000/mm3) present a 1-yr probability of developing a first episode of SBP of
55%, the highest reported so far, in comparison with 24% of patients with only low ascitic
fluid protein levels. If these results are validated, this group of patients would be included
in prophylactic (ideally placebo-controlled) trials.

Since survival expectancy is very much reduced after SBP (59), patients recovering from
an episode of SBP should be considered as potential candidates for liver transplantation.

OTHER COMMON INFECTIONS IN CIRRHOSIS

Bacterial infection is one of the most important clinical problems in patients with de-
compensated cirrhosis. It is present at admission or develops during hospitalization in

Table 7
Indications and Duration of Selective Intestinal Decontamination

for the Prevention of Spontaneous Bacterial Peritonitis in Cirrhotic Patients (31)

Indications Duration of prophylaxis

Cirrhotic Patients Recovering from a Indefinitely or Until Disappearance of
Previous Episode of SBP Ascites or Liver Transplantation

Cirrhotic Patients with Gastrointestinal Bleeding 7 d
Cirrhotic Patients with Ascites and Low Ascitic No Consensus

Fluid Protein Levels (<10 g/L)
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20% to 60% of the patients (2,76–78). These figures contrast sharply with the hospital-
acquired infections rate in a general hospital patient population (5–7%) (Fig. 6). On the
other hand, between 7% and 25% of the deaths of cirrhotic patients are related to bacte-
rial infections. Most studies assessing the etiology and clinical types of bacterial infections
in cirrhosis were performed in the 1980s. At that time, the most frequent infections were
urinary tract infections, pneumonia, and SBP; most infections were community acquired,
and the great majority of the isolated microorganisms were Gram-negative bacilli.

During the last decade, practice in hepatology has considerably changed, and this may
have influenced the epidemiology and frequency of bacterial infections in cirrhosis. In
addition to the wide use of norfloxacin prophylaxis, treatment of cirrhotic patients with
severe complications in intensive care units has been generalized, particularly with the
extension of the liver transplantation programs, and new invasive treatments, such as vari-
ceal ligation, transjugular intrahepatic portosystemic shunt, and arterial embolization of
hepatocellular carcinoma, have been developed and are widely used for specific compli-
cations of cirrhosis. The reported incidence of bacterial infections in recent, larger, pro-
spective series performed in consecutively admitted cirrhotic patients, report bacterial
infection rates of 32% (50) and 34% (80). Patients with decompensated cirrhosis have
been consistently shown to develop infections at a higher rate compared to compensated
cirrhosis (2). In another prospective study, admission for gastrointestinal bleeding and
a low serum albumin were identified as the only two variables independently associated
with the development of a bacterial infection (79). Studies that have compared mortality
in infected vs noninfected patients uniformly show that patients who develop an infection
have a significant higher mortality (2,80). Current evidence also suggests that infections
predispose to recurrent variceal bleeding (81–83). The largest prospective series of 572

Fig. 6. Prevalence of hospital-acquired infections in different series of cirrhotic patients.
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consecutive infections in 405 cirrhotic patients hospitalized between 1998 and 2000
clearly indicates that the epidemiology of bacterial infections in cirrhosis has changed
during the last decade (50). Community-acquired infections are still more common (61%)
but SBP was the most common infection, followed by urinary tract infection, pneumonia,
and spontaneous bacteremia. Whereas Gram-negative bacilli were the main bacteria iso-
lated in community-acquired infections, nosocomial infections were more frequently
caused by Gram-positive cocci. In fact, Gram-positive cocci were the causative organisms
in almost 50% of the infections, being the most frequently isolated bacteria in bactere-
mia, either associated to procedures (100%) or spontaneous (57%) and in nosocomial
infections (60%). The increase in the number of infections caused by Gram-positive cocci
can be explained by the higher degree of instrumentation of patients, and suggests that
to reduce nosocomial infections in patients with cirrhosis, urinary and central venous
catheters should be used only when necessary and removed as soon as possible. By con-
trast, Gram-negative bacteria continued to be the main organism responsible for SBP,
independent of the site of infection acquisition, as well as in urinary tract infections (68%)
and in community-acquired infections (60%) (Fig. 7). Another important finding of this
study was that quinolone-resistant SBP constitutes an emergent problem in patients on
long-term norfloxacin prophylaxis, with trimethoprim-sulfamethoxazole not being a valid
alternative (Table 4). This observation should promote investigations aimed at identifying
new prophylactic treatments in SBP.

Fig. 7. Type of bacteria isolated in community-acquired and nosocomial infections in the study by
Fernández et al. (50). Infections caused by Gram-negative bacilli are represented in empty bars
whereas those caused by Gram-positive cocci are represented in dashed bars. *Bacteremia associated
with therapeutic invasive procedures and catheter sepsis.
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Urinary Tract Infections
As in the noncirrhotic population, cirrhotics with indwelling catheters are highly pre-

disposed to develop urinary tract infections. The incidence is markedly higher in female
than in male cirrhotics (84). The majority of these infections in cirrhotic patients are caused
by Gram-negative bacilli (50). Although urine culture are always recommended, cases
requiring immediate therapy should be given a modern quinolone, or amoxicillin plus
clavulanic acid or an oral cephalosporin (85).

Pneumonia
Community-acquired pneumonia is a frequent complication in subjects with active

alcoholism. Although Streptococcus pneumoniae is the most frequent causative organism,
a significant number of cases of pneumonia are caused by other pathogens normally pres-
ent in the oropharyngeal area, especially anaerobic bacteria or by Gram-negative bacilli.
All of these organisms, together with the possibility of Mycoplasma pneumoniae or Legion-
ella sp. should be considered when selecting empiric antibiotic therapy. Therefore, a sug-
gested antibiotic regime could include erythromycin combined with one of the following
antibiotics: cefotaxime, ceftriaxone, amoxicillin-clavulanic acid, or imipenem (86). Because
hospital-acquired pneumonia is predominantly caused by Gram-negative bacilli and staphy-
lococci, the empiric administration of third-generation cephalosporins should be consid-
ered as the first choice of antibiotic. In the case of suspicion of aspiration, clindamycin
should be added.

Other Infections
Soft tissue infections, particularly lymphangitis of the lower extremities and abdominal

wall, are relatively frequent in cirrhotic patients with ankle edema or ascites. Although
Staphylococcus aureus and Streptococcus pyogenes are the most frequent causative orga-
nisms, enterobacteriaceae and anaerobes may also be responsible for these infections.
Cloxacillin has been considered the first choice antibiotic, but considering these causative
organisms, amoxicillin-calvulanic acid may be a more adequate empiric antibiotic treatment.

Cirrhotic patients with hydrothorax can develop spontaneous bacterial empyema (33).
The pathogenesis is though to be the same as that of SBP, because the isolated bacteria
are also the same. Therefore, patients with spontaneous bacterial empyema should be
treated with the same antibiotic regimes.
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INTRODUCTION

The hepatorenal syndrome (HRS) is defined as the development of renal failure in
patients with severe liver disease in the absence of any other identifiable cause of renal
pathology. Although classically associated with cirrhosis, it is now recognized that a
similar syndrome occurs in patients with acute liver failure (1). It is diagnosed following
the exclusion of other causes of renal failure in patients with severe liver disease such
as hypovolemia, drug nephrotoxicity, sepsis, or glomerulonephritis. The causes of renal
failure in/and liver disease are listed in Table 1.

Diagnostic Criteria
The International Ascites Club group defined the diagnostic criteria for hepatorenal

syndrome (1), and these are listed in Table 2. Two patterns of the HRS are observed in
clinical practice and these have been defined by the International Ascites club into type
1 and type 2 (1). This classification is particularly useful in research as it enables direct
comparison between studies.

Type 1 HRS is an acute form of HRS in which renal failure occurs in patients with severe
liver disease and is rapidly progressive. It can occur spontaneously, e.g., as in acute alco-
holic hepatitis or acute liver failure, or may be precipitated by a bacterial infection such
as SBP (3). Although, some investigators historically excluded such patients in whom
there is a clear precipitating injury, many investigators in the field simply treat such patients
with fluids and antibiotics, and if after 5 d renal failure develops or persists, they are labeled
as having HRS. Personally I think this group of patients with a clear precipitating event should
be separated (e.g., Type 1A and 1B) from those in whom HRS develops spontaneously
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(usually during acute liver decompensation) to maintain homogeneity between groups
so that research into disease mechanisms can be more easily interpreted.

Type 1 HRS is characterized by a marked reduction of renal function as defined by
doubling of the initial serum creatinine to a level greater than 1.7 mg/dL, or a 50% reduc-
tion of the initial 24 h creatinine clearance to <20 mL/min within 2 wk. The development
of type 1 HRS has a poor prognosis with 90% mortality at 4 wk (2) (Fig. 1). Renal func-
tion may recover spontaneously if there is a significant improvement of liver function.
This is most frequently observed in acute liver failure or alcoholic hepatitis or following

Table 1
Causes of Abnormal Liver and Renal Function

Sepsis in cirrhosis
Hypovolemia (overdiuresis, hemorrhage)
Hepatorenal syndrome
Glomerulonephritis (HCV, HBV)
IgA Nephropathy (alcohol)
Renal tubular acidosis (esp. PBC and Wilson’s disease)
Chronic pyelonephritis (increased incidence)
Leptospirosis (Weil’s disease)
Acetaminophen toxicity
Malaria
Sickle cell disease
Sepsis in normal subjects
Solvent abuse (carbon tetrachloride)

Table 2
Major Criteria

1. Chronic or acute liver disease with advanced hepatic failure and portal hypertension
2. Low GFR as indicated by serum creatinine >1.7 mg/dL or creatinine clearance <40 mL/min.
3. Absence of shock, on-going bacterial infection or recent treatment with nephrotoxic

drugs. Absence of excessive fluid losses (including gastrointestinal bleeding).
4. No sustained improvement of renal function following expansion with 1.5 L of isotonic

saline.
5. Proteinuria <0.5 g/d, and no ultrasonagraphic evidence of renal tract disease.

At the consensus conference, which decided the diagnostic criteria, there was widespread
agreement about the above criteria. However, further additional criteria were defined (see
below), but deemed to be unnecessary for the diagnosis. This may seem a curious anomaly in
retrospect, but these “unnecessary criteria” were added primarily to satisfy various diehards
and so that the meeting could finish! These are

1. Urine volume <500 mL/d
2. Urine sodium <10 mmoles/L
3. Urine osmolality > plasma osmolality
4. Urine RBC <50 per high per field
5. Serum Sodium <130 mmoles/L

Note: Low urinary sodium is not necessary for the diagnosis of HRS.
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acute decompensation on a background of cirrhosis, or recovery from bacterial infection.
These patients are usually jaundiced with a significant coagulopathy. Death often results
from a combination of hepatic and renal failure or variceal bleeding.

Type-2 HRS usually occurs in patients with diuretic resistant ascites. Renal failure has
a slow course, in which it may deteriorate or improve over months. It is associated with
a poor long-term (>1 yr) prognosis (4), with a mean mortality of 45% at 4 mo.

PATHOPHYSIOLOGY OF THE HEPATORENAL SYNDROME

The key to the logical therapy of HRS is to have a basic understanding of its patho-
physiology. It is well recognized that the most important factor involved in the patho-
genesis is severe reversible renal vasoconstriction and mild systemic hypotension (5).
The kidneys are structurally normal, and at least in the early part of the syndrome, tubular
function is intact, as reflected by avid sodium retention and oliguria. Moreover, kidneys
from patients with HRS transplanted into a patient with end-stage renal failure and a
healthy liver resumed normal function (6). Although many textbooks state that patients
with HRS have low urinary sodium, it is well recognized that this is not always the case
(7), and that electron microsopy (EM) studies of kidneys obtained from patients with HRS
and sodium retention may have EM signs of acute tubular necrosis (8).

The cause of renal vasoconstriction is unknown but it seems to primarily involve a
homeostatic response to systemic vasodilatation and mild hypotension with marked acti-
vation of the sympathetic nervous system, which sensitizes or shifts the renal autoregula-
tory curve so that renal blood flow is more critically dependent on blood pressure. Although
this may be the predominant driving force in the majority of patients, in other patients, for
example those with type 1 HRS, increased synthesis of vasoactive mediators, such as
endothelin-1 or cysteinyl leukotrienes within the kidney, may decrease the glomerular

Fig. 1. The development of HRS is associated with a high mortality in type 1 HRS, and a 50% 6 month
mortality in type 2 HRS. From Ref. 4.
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filtration rate out of proportion to the reduction of renal blood flow, by causing contrac-
tion of mesangial cells and thereby decreasing the glomerular capillary ultrafiltration
coefficient (Kf). This decreases the GFR out of proportion to the reduction of renal blood
flow.

There are three factors predominantly involved in its pathogenesis (9).

1. Hemodynamic changes that decrease renal perfusion pressure.
2. Activation of the renal sympathetic nervous system (SNS).
3. Increased synthesis of humoral and renal vasoactive mediators.

The emphasis of each of the three pathogenic pathways probably varies from patient to
patient, and between the acute (type 1) and the chronic form (type 2) of the hepatorenal syn-
drome. Each of these pathways are interrelated and, in practice, the pathophysiology of this
process is more complicated. However, this outline provides a simple framework with
which to understand the mechanisms involved.

Hemodynamic Changes
Systemic vasodilatation occurs in all patients with severe liver disease. Vasodilatation

of the splanchnic circulation leads to a compensatory increase of plasma volume and car-
diac output. However, cardiac compensation eventually fails, and some attribute this to
the development of impaired cardiovascular responses to endogenous catecholamines.
This failure of cardiac output to maintain blood pressure has been termed cirrhotic cardio-
myopathy (10). This term is highly controversial, primarily because the heart does not
exhibit histological changes such as fibrosis. Nevertheless, there is accumulating evi-
dence that there is failure of the heart to adequately compensate for the systemic vasodila-
tation, and patients who develop HRS following SBP, have a reduction in cardiac output
(11). Whatever the final pathway, there is a fall of mean arterial pressure (MAP) and reflex
activation of the sympathetic nervous system. Several studies have consistently shown a
progressive decrease in MAP with hepatic decompensation, with the lowest values (typi-
cally 60–65 mmHg) observed in patients with HRS (12), and prognostic studies in patients
with cirrhosis have shown that arterial pressure is one of the best predictors of survival
in patients with cirrhosis and ascites (13), with low arterial pressure being associated with
a poor prognosis and increased risk of developing HRS.

It is a common misconception that modest reductions of blood pressure (BP) are
insignificant in humans, and that renal autoregulation exists to prevent fluctuations in the
renal blood flow (RBF) when BP decreases. Autoregulation of the renal circulation ensures
a stable RBF during changes of renal perfusion pressure above ~75 mmHg (14). Below
this pressure, RBF is directly proportional to perfusion pressure. Patients developing HRS
have an activated sympathetic nervous system (SNS), and increased synthesis of several
renal vasoconstrictors. Several studies have shown that activation of the SNS causes a
rightward-shift in the autoregulatory curve (15), making RBF much more pressure depen-
dent. These concepts are illustrated in Fig. 2. Thus, even modest decreases in mean BP
may result in a marked fall of RBF. Understanding this important principle is essential
in targeting pressor treatment because drugs that increase BP have a disproportionate
effect on RBF and GFR in states associated with an activated SNS and lowered blood pres-
sure. As a result, there is an interest in drugs which increase BP, and all have all been reported
to increase urine output, sodium excretion, or GFR with variable success in patients with
severe liver disease and HRS (16–23), and reviewed in ref. 19.
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The presence of modest arterial hypotension raises the question about its cause. It is
well established that severe liver disease is characterized by an increase in cardiac output
and plasma volume, and decreased peripheral vascular resistance (5) owing to peripheral
vasodilatation. Studies in animals and humans with cirrhosis indicate that the splanchnic
circulation is the main vascular bed responsible for vasodilatation (24,25).

There is general acceptance that vascular reactivity is impaired in cirrhosis because
isolated vessels have impaired responsiveness to vascular agonists. However, this may not
apply to small vessels, and most studies have used aortic rings. Ultimately several medi-
ators, either singly or in concert (NO, prostacyclin, glucagon, calcitonin gene-related pep-
tide (CGRP) (26), or altered K+ channel activation) may be responsible for the decreased
vascular reactivity, or the opening of these anatomical shunts. Plasma levels of many
endogenous vasodilatators, as well as vasoconstrictors are elevated in liver failure. Several
potential mediators have been proposed and include the following:

1. Nitric oxide: NO is synthesized by several cell types including endothelial and vascular
smooth muscle cells, and causes vasorelaxation (27). NO synthesis may be induced by
shear stress, or in response to endotoxin-related cytokine expression (28–32). However,
the concept that vasodilatation is secondary to induction of NOS by circulating endotoxins
in humans has lost favor, with many now advocating an increase in activity of eNOS, per-
haps owing to increased levels of tetrahydrobiopterin as a result of activation of GTP cyclo-
hydrolase. Studies in patients with decompensated cirrhosis show increased plasma nitrite/
nitrate indicative of increased NO production (33). Pharmacological studies using isolated
vascular rings or the mesenteric vasculature have shown decreased vascular reactivity

Fig. 2. Renal autoregulation is altered in patients with advanced liver disease and activation of the
sympathetic nervous system, which renders renal blood flow much more dependent on renal per-
fusion pressure. Thus, a small increase in blood pressure can have a profound effect on renal blood
flow, glomerular filtration and survival. From Ref. 9.
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to several agonists, and inhibition of NO synthase fully or partially restores or partially
restores vascular responsiveness (34,35). Likewise studies in vivo have shown that inhibi-
tion of NO synthesis reverses some of the systemic and splanchnic circulatory changes
in animal models or patients with liver disease (36,37). This hyporeactivity is endothelium
dependent (38). We have recently carried out several studies to try and demonstrate that
circulating S-nitrosothiols, principally S-nitrosoalbumin, causes prolonged systemic vaso-
dilatation in cirrhosis. Whereas plasma concentrations are increased approximately four-
fold in a rat model of cirrhosis (39), the plasma concentrations are extremely low in nor-
mal subjects (40), and are not elevated in cirrhosis. We have observed the occasional
patient, including one with HRS and alcoholic hepatitis who had high plasma concentra-
tions, but such patients are unusual. Moreover, studies using infused S-nitrosoalbumin
do not confirm its ability to act as an arterial systemic vasodilator (unpublished).

2. Prostacyclin: is a systemic vasodilator, whose secretion may be stimulated by shear stress
in the arterial system. Urinary excretion of both systemic and renal metabolites of prosta-
cyclin are increased in decompensated cirrhosis, and plasma levels (undetectable by avail-
able analytical methods) are presumably elevated (41,42). Despite theoretical calcula-
tions which suggest that plasma or local concentrations do not get high enough to cause
vasodilatation, administration of indomethacin to cirrhotic patients increases systemic vas-
cular resistance as well as pressor sensitivities to angiotensin II suggesting that prostacyclin
may have a role in the vasodilatation of cirrhosis (43).

3. Potassium-channels: There are three major types of potassium channel, that control the
flux of potassium from the intracellular to the extracellular environment. The ATP-sen-
sitive potassium channels are opened by a low ATP:ADP ratio, or by agonist-induced acti-
vation of G protein–dependent pathways. The second type is the delayed rectifier channel
opened by membrane depolarization, and the third type is the calcium-activated potas-
sium channel, which is activated by increases of intracellular calcium, and in a similar man-
ner to that for ATP-dependent potassium channels. Activation of potassium channels can
cause vasodilatation owing to hyperpolarization of vascular smooth muscle cells. Poten-
tially important activators include tissue hypoxia, prostacyclin, neuropeptides, and NO.
Using potassium channel blockers and activators, Moreau et al. have found good evidence
that activation of potassium channels is important in the vasodilatation of cirrhosis (44–
46). Based on studies with potassium and calcium channel modifiers, Moreau and Lebrec
have proposed that there is an impairment of G protein–dependent transduction pathways.
This hypothesis is based on the observation that hyporeactivity of vessels is not associated
with downregulation of receptors, and reactivity to Bay K 8644 (which increases intracel-
lular calcium) is normal. The central role of potassium channels in vascular tone makes
it likely that potassium channels are important, but whether there is a fundamental abnor-
mality of function in a particular type of potassium channels is unknown.

4. Endotoxemia and cytokines: Endotoxin levels are often elevated in patients with decom-
pensated liver disease and more so in patients with the HRS. This is believed to be caused
by increased bacterial translocation and portosystemic shunting (47–49). Plasma cyto-
kines, which usually indicate infection, in plasma or ascitic fluid, are increased in cirrho-
tic patients leading to circulatory dysfunction and concomitant renal impairment and
increased mortality. Endotoxemia may cause splanchnic vasodilatation, possibly medi-
ated by cytokine induction and increased NO synthesis (either through eNOS or iNOS).
There are increased circulating levels of several cytokines, including tumor necrosis fac-
tor (TNF), and interleukin-6 (IL-6) in patients with alcoholic hepatitis and HRS (50,51).
Recent studies have shown that the vasodilatation observed in the partial portal vein ligated
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rat model is blocked by anti-TNF antibodies (52), N-acetylcysteine (53), and inhibitors
of tyrosine kinase, each of which may act on cytokine dependant pathways (54).

5. Anandamide: A recent emerging concept in cardiovascular biology is the role of the endo-
cannabinoid system in vascular function. The endocannabinoid receptor CB1 can be acti-
vated by tetrahydrocannabinol (“cannabis”) or through its endogenous ligand ananda-
mide (arachidonyl ethanolamine). Infusion of anandamide into rats causes profound
vasodilatation and hypotension, and this is partly secondary to increased NO synthesis by
eNOS. Moreover, in a rat model of endotoxemia, LPS-induced hypotension is prevented
by SR141716, an antagonist of endocannabinoid CB1 receptors. These findings raised
the possibility that endogenous cannabinoids might be involved in mediating the vasodila-
tion of cirrhosis or sepsis. In support of this concept, Batkai et al. have recently reported
that administration of a selective CB1 receptor antagonist increases the arterial pressure
in rats with experimental cirrhosis. The anandamide system may also interact with vanil-
loid receptors and mediate an increase in circulating CGRP. These data strongly support
a role for anandamide in the pathogenesis of the hyperdynamic circulation in liver dis-
ease (55–58).

Secondary Effects of Systemic Vasodilatation
The normal homeostatic response to vasodilatation is the activation of several neuro-

humoral response mechanisms, primarily aimed at the maintenance of arterial pressure.
These include activation of the sympathetic nervous system, the renin–angiotensin–aldo-
sterone system (RAAS), and increased vasopressin release, and renal production of vaso-
dilatory prostanoids. Although activation of these neurohumoral mechanisms help to
maintain blood pressure, many also induce renal vasoconstriction. By altering the normal
renal autoregulatory response, these vasoactive mediators contribute to the decreased
renal blood flow observed in HRS.

RAAS: The RAAS is stimulated in 50–80% of patients with decompensated cirrhosis,
and is further activated in patients with the HRS (2,59,60). Increased levels of angio-
tensin II protect renal function by selective vasoconstriction of the efferent glomerular
arterioles. Although renal blood flow may fall, glomerular filtration rate may be partially
preserved owing to an increased filtration fraction (61). In cirrhosis antagonism or inhi-
bition of the RAAS by either angiotensin II antagonists or angiotensin converting en-
zyme inhibitors may cause marked hypotension and decrease GFR (62–68). Angiotensin
II maintains vascular tone in patients with advanced liver disease, but probably has little
or no role in healthy controls or patients with compensated cirrhosis.

Prostaglandins: Renal prostaglandins have an important role in the preservation of
renal function in all situations with elevated plasma levels of renin, angiotensin, norepi-
nephrine, or vasopressin, such as dehydration, congestive cardiac failure, shock, or decom-
pensated liver disease. In liver disease the urinary excretion of PGE2 and prostacyclin
metabolites (6-oxo-PGF1α) are often increased (42,69–72). The mechanism for increased
synthesis is unknown, but is likely to be secondary to the increased levels of several vaso-
constrictors, which induce prostaglandin formation in vitro or in vivo. Administration of
cyclo-oxygenase inhibitors [nonsteroidal antiinflammatory drugs (NSAIDs)] to patients
with ascites frequently causes renal failure (73,74). It has been suggested that HRS is
caused by a deficiency of renal PGE2 and prostacyclin (73) because urinary excretion of
PGE2 and the prostacyclin metabolite 6-oxo-PGF1α are decreased in HRS compared to
patients with ascites alone. However, studies have now shown that the synthesis of pros-
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tacyclin is increased in HRS, but that the urinary excretion of its metabolite is decreased
by the presence of renal failure (42). These compensatory mechanisms are important
because inhibition or antagonism of their actions frequently causes further deterioration
of renal function.

Pressure Effects of Tense Ascites: Gross or tense ascites increases the IVC pressure
and thus the renal venous pressure. Studies have shown that the renal venous pressure
may increase to >25 mmHg (75). In this situation, increased venous pressure may further
compromise renal blood flow, and thus renal function.

SNS
The SNS is highly activated in patients with the hepatorenal syndrome and causes

renal vasoconstriction and increases sodium retention (76–78). Several studies have shown
that there is increased secretion of catecholamines in the renal and splanchnic vascular
beds (79–81).

An important concept to emerge in the early 1990s was that of a hepatorenal neural
reflex arc. In fact, this concept really first arose in 1980s, when Kostreva et al. (82) observed
that an increase in intrahepatic pressure resulted in a greater efferent renal sympatho-adre-
nergic activity. Vasoconstriction of the afferent arterioles of the kidney led to a reduction
in renal plasma flow and glomerular filtration rate and to an increased reabsorbtion of
tubular sodium and water. Hepatic denervation was effective in delaying, but not prevent-
ing, the increased tubular reabsorption of sodium in portal hypertension, and Levy et al.
(83) discovered that the onset of ascites formation was delayed in dogs with bile duct
ligation following hepatic denervation. This concept was expanded and developed by
Hausinger’s group (84), who observed that infusion of glutamine into the internal jugular
vein had no effect on renal function, whereas it caused a significant decrease of both GFR
and RBF when infused into the portal vein, unless there was renal denervation, when such
responses were not observed. They postulated that infusion of glutamine into the portal
vein caused swelling of hepatcytes and activation of the hepatorenal sympathetic neural
reflex arc. In support of this concept in humans, studies by Jalan and colleagues have
shown that acute occlusion of the TIPS shunt is associated with an acute reduction of renal
blood flow in patients with cirrhosis (85). In another study, temporary lumbar sympath-
ectomy with local anesthesia increased GFR in five of eight cirrhotic patients with HRS
(86) suggesting that increased renal sympathetic nervous activity decreased GFR in some
patients. Such data may explain why patients who undergo liver transplantation for HRS
frequently show a dramatic recovery of renal function.

Humoral and Renal Vasoactive Mediators
It is unlikely that the development of HRS is purely a consequence of renal vasocon-

striction. If one examines the relationship between RBF, and the presence of HRS or
hepatic decompensation ± ascites, there is considerable overlap of RBF between these
groups (87) (Fig. 3). Thus, some patients with preserved renal function may have a lower
RBF than those with HRS, indicating that other factors are involved.

The observation that two patients may have a comparable decrease of RBF, and yet have
either HRS or “near-normal renal function” suggests that other factors must be involved
which decrease the filtration fraction. The renal glomeruli are dynamic structures, invag-
inated with mesangial cells which, in a similar way to hepatic stellate cells, may contract
in response to several agonists such as endoethin-1, and, thus, reduce the surface area avail-
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able for glomerular filtration (Fig. 4). Many studies have now shown that there is increased
synthesis of several vasoactive mediators, which have the important added effect of
causing mesangial cell contraction, hence lowering the glomerular capillary ultrafiltra-
tion coefficient (Kf), and thus the filtration fraction. Such factors involved may include:

Fig. 3. Renal blood flow decreases with hepatic decompensation, with the lowest RBF observed
in patients with HRS. However, there is a considerable overlap between RBF observed in patients
with Ascites, but “normal” renal function and HRS, suggesting that other factors must be involved,
such as contraction of mesangial cells (see Fig. 5). From Ref. 87.

Fig. 4. The glomeruli are invaginated with mesangial cells which, like hepatic stellate cells, express
actin,. And can contract in response to physiological or pathological stimuli such as endothelin-1
(ET-1) or the cysteinyl-leukotriene LTD4.
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1. Endothelin: This 21-amino-acid peptide is a potent renal vasoconstrictor, and a potent
agonist of mesangial cell contraction. Endothelin-1 (ET-1) concentrations are increased
in the hepatorenal syndrome, and correlate with creatinine clearance in decompensated
liver disease (88,89). The cause of increased plasma ET-1 concentrations is unknown. One
possibility is altered redox state because oxidative stress is known to occur in HRS (90),
and products of lipid peroxidation such as oxidized LDL and F2-isoprostanes have been
shown to induce ET-1 synthesis in vitro (92), but whether this causes increased plasma
ET-1 concentrations is unknown. Recent studies in which ET-1 has been infused into the
forearm of patients with advanced (Child–Pugh C) cirrhosis have suggested that ET-1
may paradoxically cause vasodilatation (93). This unexpected observation may have a pro-
found impact on the viability of clinical studies using ET-1 antagonists in patients with
HRS.

2. Cysteinyl leukotrienes: Leukotrienes C4 and D4 are produced by inflammatory cells of the
myeloid series, and can be synthesized by the isolated kidney (94). They are potent renal
vasoconstrictors, and cause contraction of mesangial cells in vitro. Endotoxemia, activa-
tion of complement, or various cytokines may stimulate their synthesis. There is good evi-
dence that systemic, and probably renal synthesis of cysteinyl leukotrienes is increased in
the hepatorenal syndrome. Urinary leukotriene E4 is markedly elevated, as well as N-acetyl
LTE4 in HRS (95–97). Plasma concentrations are too low to have a direct effect on the
renal circulation, but renal leukotriene synthesis may be an important modulator of renal
function in HRS, and isolated pig kidneys have been shown to synthesize cysteinyl leuko-
trienes in vitro (94).

3. Thromboxane A2: TXA2 production is stimulated by renal ischemia and causes both vaso-
constriction and mesangial cell contraction. It has been suggested that the balance between
vasodilatory prostaglandins and thromboxane A2 might critically favor vasoconstriction
(98). However, when TXB2 excretion is corrected for renal function, urinary TXB2
excretion has been shown to correlate with the severity of liver disease, rather than HRS
(42). Further, inhibition of TXA2 synthesis with dazoxiben does not improve renal func-
tion (99).

4. F2-isoprostanes: The F2-isoprostanes are formed by lipid peroxidation. Their role in liver
disease has recently been reviewed (100). One of the major F2-isoprostanes formed in
vivo namely 8-iso-PGF2 is a potent renal vasoconstrictor. In the first study measuring the
plasma concentrations of F2-isoprostanes in any human disease, we observed a marked
increased synthesis of the F2-isoprostanes in patients with HRS indicative of increased
lipid peroxidation (90). Whether the F2-isoprostanes themselves are important mediators
of renal vasoconstriction in HRS is unknown, but it is difficult to prove. However, the
synthesis of several vasoactive mediators, which have been implicated in the pathogene-
sis of HRS, are regulated through products of lipid peroxidation or through redox changes
of signaling pathways. Thus, the development of oxidant stress may be important as the
final pathway leading to increased synthesis of many of the mediators discussed above.

MANAGEMENT OF THE HEPATORENAL SYNDROME

Measures to Prevent the Development of Renal Failure in Cirrhosis
Prophylaxis against bacterial infections: Bacterial infections occur in approx 40% of

patients with variceal hemorrhage and antibiotic prophylaxis improves survival by approx
10% (101). Patients who have had a previous episode of SBP have a 68% chance of re-
current infection at 1 yr, and this carries an 30% chance of developing renal failure (3).
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Because bacterial infections are an important cause of renal dysfunction in cirrhotic
patients, prophylaxis with antibiotics is recommended in two clinical settings, namely
variceal bleeding and a history of previous SBP.

Volume expansion postparacentesis or during SBP: To prevent the development of
renal failure in patients who develop SBP, recent studies have suggested that these patients
should be given plasma volume expansion with 20% albumin (1–1.5 g/kg over 1–3 d)
at diagnosis to prevent circulatory dysfunction, renal impairment, and mortality (102).
However, the control groups were not given volume support with either crystalloid or
colloid, and, therefore, further studies are needed before the unequivocal use of albumin
is recommended. The use of salt poor albumin or other colloids in patients undergoing
large volume paracentesis (>5 L) is essential to prevent paracentesis induced circulatory
dysfunction and renal impairment (103,104).

Avoid overdiuresis: Identifying the lowest effective diuretic for any individual patient
is important because diuretic-induced renal impairment occurs in approx 20% of patients
with ascites. It develops when the rate of diuresis exceeds the rate of ascites reabsorption,
leading to intravascular volume depletion. Diuretic-induced renal impairment is usually
moderate and is normally rapidly reversible following diuretic withdrawal.

Avoid the use of nephrotoxic drugs: Patients with cirrhosis and ascites are predisposed
to develop acute tubular necrosis during use of aminoglycosides, with renal failure occur-
ring is approx 33% of patients as compared with 3–5% in the general population (105).
Another important cause of renal failure is the use of NSAIDs. These drugs inhibit for-
mation of intrarenal PGE2 or PGI2 causing a marked decline of renal function and salt and
water excretion in cirrhotic patients with ascites. Therefore, when confronted with a patient
with liver disease and renal failure, always look at the drug chart to ensure that your patient
is not being poisoned by a well-meaning doctor who has prescribed an NSAID for back
pain caused by gross ascites.

Treatment of Patients with Hepatorenal Syndrome
Renal function rarely recovers in patients with HRS (as opposed to volume depletion)

in the absence of recovery of liver function. The key goal in the management of these
patients is to exclude reversible or treatable lesions (mainly hypovolemia or sepsis), and
to support the patient until liver recovery (e.g., from alcoholic hepatitis), hepatic regener-
ation (acute liver disease), or until liver transplantation. Even terminally ill patients can
have reversal of HRS, albeit temporarily (e.g., 1–3 wk), which may enable them to set their
affairs in order. The treatment of HRS is directed at reversing the hemodynamic changes
induced by modest lowering of blood pressure, stimulation of the sympathetic nervous
system, and increased synthesis of humoral and renal vasoconstrictor factors.

Initial Management
• Optimize fluid management: All patients should be given a fluid challenge with colloid

or crystalloid (usually 1–1.5 L). It is important to recognize that saline-based fluids con-
tain high amounts of chloride, and may cause hyperchloremic acidosis, which can cause
further renal vasoconstriction, if given in large amounts (>3 L over a few hours), in which
case a balance salt solution such as Hartman’s or Ringer’s lactate may be preferable (106).
The volume used depends on clinical circumstances and response, but most patients with
advanced liver disease act like fluid sumps, with increased venous compliance (107). In
practical terms, this means that if one infuses 1 L of crystalloid or colloid rapidly, there



354 Moore

is a transient increase in central venous pressure, and then the venous system expands to
absorb the volume, and CVP decreases. Fluid replacement should be based on clinical
response, urine output, blood pressure, and CVP or PCWP. Generally speaking, one should
avoid giving fluids to achieve a CVP goal, because this can result in fluid overload because
of abnormal venous compliance (i.e., CVP does not have a sustained increase despite ade-
quate fluid load).

• Exclude precipitating or iatrogenic causes of renal failure: Stop diuretic therapy (diuret-
ics do not work in patients with HRS, and will only exacerbate renal failure). Check the
drug chart for other drugs that may have been prescribed overnight or without your knowl-
edge such as NSAIDs, gentamicin, or vancomycin.

• Investigate and treat potential sepsis: Evidence of sepsis should be sought by culture of
blood, ascites, cannulae, and urine, and fungal cultures requested. Because undiagnosed
sepsis is an important cause of renal failure in cirrhosis, all patients should be started on
nonnephrotoxic broad-spectrum antibiotics, regardless of overt or other evidence of sepsis,
e.g., iv cefotaxime, or oral ciprofloxacin plus amoxycillin.

Optimization of Blood Pressure and Renal Haemodynamics
Terlipressin: Following volume expansion, the mean arterial pressure should be increased

to >85 mmHg by infusing vasopressor drugs. There have been no studies to evaluate
which mean arterial pressure should be attained during vasopressor therapy, but based
on renal autoregulatory curves and personal experience, it should generally be above 85
mmHg, or any level at which diuresis starts and is maintained. Most studies have used
terlipressin, but this is not available in Canada or the US.

The first study, carried out at the Royal Free Hospital, London, in 1972 by Sheila
Shelock’s group showed that octapressin could improve renal blood flow (16). Subse-
quently, Lentz et al. showed that infusion of vasopressin transiently increases GFR in
patients with HRS during a short term infusion (17), and various agents have since been
used with some success (16–23). Terlipressin (glypressin), which is injected as an iv bolus,
has an effect lasting from 2–4 h. There are uncontrolled data to suggest that terlipressin
is less effective unless given with albumin support (108). Further studies are needed, how-
ever, before such treatment is recommended. However, all patients should be fluid replete,
having been given a volume challenge, before commencing terlipressin. Most experts
start terlipressin at 0.5 mg iv every 6 h, increasing in frequency and dose to a maximum
dose of 2 mg hourly. At such high doses, digital ischemia and coronary artery spasm
become more common. There have now been several open studies using terlipressin, and
its action is twofold. First, it increases arterial blood pressure, and places the patient back
into a position where RBF increases in response to increases in blood pressure, second,
it suppresses activation of the sympathetic nervous system (23) (Fig. 5). Thus, for every
minor increment of arterial pressure, there is a corresponding increase in renal blood
flow. This is illustrated in Fig. 2. However, several studies have now shown improved sur-
vival with terlipressin, with a comprehensive study from Moreau et al. in which survival with
terlipressin therapy was reported as 55% (109). In one of the very few randomized studies
in HRS, it has recently been shown that terlipressin increases survival from 0 to 42% (110).

NOREPINEPHRINE INFUSION

As long ago as 1963, Laragh et al. had shown that infusion of norepinephrine into patients
with HRS could improve renal function in some patients (61). Most recently, Duvoux



Chapter 22 / Hepatorenal Syndrome 355

et al. have shown that infusion of norepinephrine and furosemide into patients with HRS
improves renal function (111). The rationale for the inclusion of furosemide in the regime
was never clear, and unless there is a need to try and enhance the diuresis, e.g., owing to
fluid overload, it is probably best to keep the regimen simple by infusion of norepinephrine
alone at a dose sufficient to increase BP. There are no head-to-head studies with terlipressin.

MIDODRINE AND OCTREOTIDE

Terlipressin is not licensed in the US at present, and, therefore, alternative therapies
have been used. These include infusion of norepinephrine or oral administration of mido-
drine ± iv octroetide (21). Midodrine is an orally active α-adrenergic agent, and octreo-
tide is a long-acting analog of somatostatin, which has a variable effect on splanchnic hae-
modynamics. The data on its use in HRS are limited, to a recent publication by Angeli
et al. (21) in patients with type 1 HRS, although more data from Florence Wong’s group
will be published soon. Angeli demonstrated that combined long-term administration of
midodrine and octreotide, together with albumin, support to increase mean arterial pres-
sure by 15 mmHg, resulted in a significant improvement of renal function. No signifi-
cant side effects were observed.

What To Do If There Is Fluid Overload in a Patient with HRS
Occasionally, one is faced with a patient with fluid overload and oliguric HRS. In the

first instance, if they have tense ascites, this should be drained acutely without albumin
or colloid support. This will cause an immediate decrease in right atrial pressure (112).
Second, many clinicians have serious concerns about the use of loop diuretics. However,
in a patient who is overloaded, a bolus of frusemide (100 mg iv) may convert a patient with
oliguria, and difficult fluid management, into a patient who is passing urine, and easier

Fig. 5. Administration of terlipressin with albumin support improves mean arterial pressure, sup-
presses activation of the sympathetic nervous system, and improves renal function. From Ref. 23.
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to manage in terms of fluid balance. Loop diuretics increase renal PGE2 synthesis. Finally,
begin terlipressin or other vasopressor therapy to increase mean arterial pressure to >85
mmHg, or to a lower pressure if urine output increases adequately.

N-Acetylcysteine
There has been one series of 12 patients (9 of whom had alcoholic cirrhosis) with HRS

where N-acetylcysteine was given iv for 5 d (113). This treatment was well tolerated,
with no side effects. At baseline, following aggressive fluid replacement, the mean crea-
tinine clearance was 24 ± 3 mL/min, rising to 43 ± 4 mL/min following the 5 d of therapy.
This was associated with an increase in urine output, and a significant increase in sodium
excretion from 1.2 ± 0.5 to 1.8 ± 0.6 mmol/h (p < 0/05). High survival figures of 67%
(8/12) at 1 mo and 58% (7/12) at 3 mo were observed. This included two patients who
underwent successful orthotopic liver transplantation after improvement in their renal
function (113). The mechanism of action is unknown, but may involve an improvement
of cardiac function, as this has been observed in rats with impaired cardiac function (un-
published). Recent studies have shown that NAC therapy also prevents radio-contrast
nephropathy (114).

Renal Support and MARS
Renal support should only be given when there is a clear goal of management and poten-

tial positive outcome, and when the above therapeutic maneuvers have failed. Thus, renal
support should only be offered where there is a realistic possibility of hepatic regeneration,
hepatic recovery, or liver transplantation. Renal support otherwise merely prolongs the
dying process. Renal support is generally given as continuous hemofiltration because
intermittent hemodialysis causes hemodynamic instability. The survival of patients with
severe alcoholic hepatitis given renal support is approx 15% (unpublished). The Molecu-
lar Adsorbent Recirculating System (MARS) is a modified dialysis method, using albu-
min-containing dialysate that is recirculated and perfused online through charcoal and
anion exchanger columns. MARS enables the elective removal of albumin-bound sub-
stances. Mitzner et al. (115) in a randomized controlled trial compared standard therapy
consisting of volume expansion, dopamine, and hemofiltration vs the same plus MARS
dialysis. They found a significant improvement in standard liver and kidney test function
in the MARS group. Mortality rates where 100% in the control group and 62.5% in the
MARS group at d 7. Further studies are needed, as the possibility of a type 2 error in this
study is high.

Surgical Maneuvers, Transjugular
Portosystemic Shunts (TIPS), and Liver Transplantation

There are few case reports of TIPS in patients with HRS and the results are mixed. Some
patients with type 2 HRS have a delayed response (after 4 wk), with improvement of
renal function. However, the largest series show improvement in renal function in most,
and the German series had 6 of 16 patients with type 1 syndrome. Three-month survival
rate was 75%. Recently, the long-term follow-up of this group with a larger cohort (median
follow up 2 yr) has been published (116,117). Thirty-one patients with HRS received TIPS
(14 patients HRS type I, 17 HRS type II). Following TIPS total survival rates at 3 and
12 mo were 63% and 39%, respectively. These results are encouraging, but controlled
trials are required to confirm improvement in prognosis. TIPS may serve as a bridge to
liver transplant allowing kidney function to recover and clinical status.
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The only effective and permanent treatment for the HRS is orthotopic liver transplanta-
tion (OLT). Gonwa et al. compared survival following OLT of 56 patients with HRS with
513 patients controls (non-HRS), They observed a 1- and 4-yr survival of 71 and 60%
for HRS patients, and 83 and 70%, respectively, for non-HRS patients (118). The same
retrospective study also considered the long-term evolution of renal function following
OLT for both groups of patients. Both cyclosporin and FK506 (used following OLT) also
impair renal function. As a consequence, in 407 non-HRS patients, GFR decreased from
94 to 60 mL/min at 1 yr following transplantation. In 34 patients with HRS, GFR increased
from 14 to 44 mL/min at 1 yr following transplantation. The preoperative and postoper-
ative morbidity in HRS patients was higher. Dialysis was required in 32% of HRS patients
prior to OLT, and 10% remained on dialysis following transplantation. Overall mean post-
transplant hospital stay is 42 d for patients with HRS compared to 27 d for those without
HRS (119). Hence, it seems currently clear that eligible patients with HRS can safely ben-
efit from liver replacement at the price of increased time spent in the hospital and modest
impact on long-term survival (118).

CONCLUSION

The hepatorenal syndrome is a syndrome of renal failure owing to advance acute or
chronic liver disease. It is caused by impaired renal perfusion pressure, stimulation of the
renal sympathetic nervous system, and increased synthesis of several vasoactive media-
tors, causing mesangial contraction and reduced filtration fraction. Patients with the HRS
should be treated by supportive measures (blood pressure support and antibiotics), and
hemofiltration or renal support only given if recovery of liver function is likely, either
spontaneously or following liver transplantation.
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INTRODUCTION

Pregnancy is a normal physiological state characterized by numerous hemodynamic
changes. These hemodynamic changes, although necessary for a normal pregnancy, pose
a special problem in the presence of portal hypertension. In North America, cirrhosis of
the liver is the most common cause of portal hypertension. Although rare, the occurrence
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of pregnancy is not altogether unknown in this population. This is caused by reduced
fertility as a consequence of anovulatory cycles, altered endocrine metabolism, and a
relatively older age of these patients (1–6). Most women with well-compensated early
chronic liver disease and those with the liver disease in remission, can expect to have nor-
mal fertility (3,7). Subjects with liver diseases that progress slowly, such as primary biliary
cirrhosis, are particularly likely to have preserved fertility until the disease becomes
quite advanced (8–12). Also, in patients with noncirrhotic portal hypertension (NCPH)
the hepatic synthetic functions are relatively well preserved and so is the fertility (13,14).
Pregnancy in a patient with portal hypertension is a unique problem that needs special-
ized care to prevent potentially life-threatening complications such as gastrointestinal
hemorrhage. It is therefore important to understand the effect of pregnancy on portal
hypertension and vice versa so that untoward incidents like fetal morbidity and mortality
and gastrointestinal hemorrhage can be avoided.

HEMODYNAMICS IN NORMAL PREGNANCY

Many systemic hemodynamic alterations occur during pregnancy as indicated in Table 1.
These changes not only maintain tissue perfusion but also provide the growing fetus with
nutrients and oxygen. These changes are evident as early as the beginning of the first tri-
mester and peak in the second trimester (15). These changes also serve as a reserve to
protect the mother from hypovolemia related to blood loss during delivery and the puer-
perium. The physiologic changes, however, take on special significance in patients with
underlying portal hypertension because they set the mother up for variceal hemorrhage,
which constitutes a major threat to her well being, as well as the baby’s (14).

One of the earliest changes is an increase in plasma volume which increases by 40–50%
starting by the 6th week of gestation and peaking around the 32nd wk (16). This increase
in blood volume is contributed to by retention of approx 1000 mEq of Na, which occurs
despite an increase in the glomerular filtration rate (17). Plasma renin activity (PRA) in-
creases by up to tenfold and the plasma aldosterone levels increase by two to three times.
These substances along with increased estrogen, deoxycortisone, and placental lactogen
increase tubular Na reabsorption (18,19). There is also an approx 20–30% increment in

Table 1
Physiological Changes During Pregnancy

Increased Blood Volume
Sodium and Water Retention
Increased Red Blood Cell Volume

Changes in Venous Return
Increased owing to Increased Blood Volume
Decrease as a result of Vena Cava Compression by Gravid Uterus

Increased Cardiac Output
Increased Heart Rate
Increased Stroke Volume

Decreased Blood Pressure
Systemic Vasodilation
Placental Circulation
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red cell mass, but hemoglobin levels drop owing to the net dilution effects from the rela-
tively greater increase in plasma volume (20,21).

Maternal cardiac output increases by 30–50% due to the increase in stroke volume and
the heart rate. The stroke volume increases by up to 75 mL per stroke and the heart rate by
15–20 beats per minute (bpm) (9,22,23). The systemic vascular resistance declines pro-
gressively because of both systemic vasodilation produced by progesterone and other hor-
mones and the development of the placenta which adds another active, highly perfused
vascular bed to the circulation. Consequently, the diastolic blood pressure declines dur-
ing the first 24 wk. A hyperdynamic circulatory state (HCS) with increased pulse pressure
results from a decreased systemic vascular resistance and increased cardiac output (24).

PATHOPHYSIOLOGY OF PORTAL HYPERTENSION

Portal hypertension is said to exist when the portal pressure exceeds 5 mmHg as mea-
sured from the hepatic venous pressure gradient (HVPG). HVPG is the difference between
the free hepatic venous pressure (FHVP) and the wedged hepatic venous pressure (WHVP).
WHVP indicates the sinusoidal pressure (portal pressure) in the absence of obstruction and
the FHVP corrects for the intraabdominal pressure. The pathogenesis of portal hyper-
tension takes into account the relationship between the portal venous blood flow and the
resistance offered to the blood flow within the portal system. It is the pressure difference
or the gradient along the length of the portal system that drives the blood within the portal
system. The pressure gradient involving any vascular system, as expressed by the Ohm’s
law, is the product of portal blood flow (Q) and resistance (R) offered by the vascular sys-
tem to blood flow (25).

Δ P = Q ↔ R

The splanchnic and the splenic venous blood flow accounts for the entire inflow to the
portal vein. The delivery of blood from the splanchnic circulation to the portal system,
in turn, has a direct correlation to the resistance offered in the splanchnic arterioles. Fur-
thermore, the resistance in the splanchnic bed is dependent on the presence of effective
circulating blood volume and a normal cardiac output. An increased resistance in the
portal venous system is responsible for causing portal hypertension and its sequelae. The
increased resistance in the portal system could be at the presinusoidal, sinusoidal, or
postsinusoidal level, depending on the cause of portal hypertension. Despite the state of
portal hypertension due to increased resistance to the flow of blood in the portal system,
there is also paradoxically increased portal venous inflow due to mesenteric arteriolar
dilatation (26).

Portal hypertension has myriad clinical consequences that are directly or indirectly
related to the formation of collaterals mainly in the form of esophageal and gastric varices.
The varices are known to occur above a threshold of 11–12 mmHg of HVPG (portal pres-
sure). Although the threshold of 11–12 mmHg is required for the varices to develop, many
patients with HVPG in excess of 12 mmHg do not have varices (27). Because varices are
not seen in patients with an HVPG less than 11–12 mmHg, variceal bleeding is seldom,
if ever, encountered at HVPG values below this threshold. At the same time, it is important
to add that there are many patients who have HVPG greatly in excess of this threshold
and still never bleed (28). The risk of bleeding from the varices depends on the wall ten-
sion as depicted by Laplace’s law, which is calculated as
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Wall tension = (P1 − P2) ↔ r/w

where P1 − P2 is the gradient between the intravariceal luminal pressure and the esopha-
geal luminal pressure, r is the radius of the varix, and w is the variceal wall thickness. The
pressure gradient, for all practical purposes, is taken as the portal pressure, which obeys
Ohm’s law. Variceal wall tension can thus be redefined as

Wall tension = (Variceal flow ↔ collateral resistance) ↔ r/w

The likelihood of a varix to rupture, therefore, would be higher when the varix has a
larger diameter, thin wall, and a higher pressure. Local conditions in the esophagus, like
esophagitis, may increase the likelihood to bleed although this remains controversial (28).

PORTAL VENOUS FLOW CHANGES IN PREGNANCY

Transient portal hypertension, even leading to the development of esophageal varices,
has been described in two-thirds of healthy pregnant women (29). This has been ascribed
mainly to splanchnic blood flow which results from the hyperdynamic circulatory state
in pregnancy. In addition, the increased intraabdominal pressure during the second and
third trimesters increases postsinusoidal resistance and impedes blood flow in the infe-
rior vena cava in supine position. This causes diversion of blood flow via the azygous
system toward the gastroesophageal collateral channels. This scenario, although tran-
sient, is somewhat similar to the postsinusoidal portal hypertension (1). In those with
preexisting portal hypertension, the normal transient rise in portal pressures during preg-
nancy causes an additional burden on the collateral circulation. This worsens portal hyper-
tension and can precipitate variceal hemorrhage. The incidence of variceal bleeding in
pregnant patients with portal hypertension has been reported to range from 6 to 44%; this
increases to 62–78% in those who have portal hypertension with demonstrable varices
before conception occurs (1–3,30).

The overall risk of variceal bleeding in pregnant women with portal hypertension is
almost 400 times greater than in pregnant women without portal hypertension (1). In a
patient with preexisting portal hypertension, the tendency for variceal hemorrhage during
pregnancy is increased due to the increased intraabdominal pressure caused by the grow-
ing fetus, and also due to Valsalva’s maneuver during labor. The second trimester of preg-
nancy is the period during which the systemic and portal circulatory changes peak. Con-
sequently, the risk of variceal hemorrhage is greatest during this period. During labor,
postsinusoidal resistance increases as a result of increased thoracic pressures owing to
Valsalva’s maneuver. This may also contribute to the risk of variceal rupture (29). Rare
instances of precipitation of variceal hemorrhage have been attributed to violent retch-
ing in the first trimester because of morning sickness (1).

COMPLICATIONS AS A RESULT
OF PORTAL HYPERTENSION IN PREGNANCY

Owing to a paucity of data, the true incidence of various types of complications caused
by cirrhosis and portal hypertension in the pregnant females is not known (Table 2).
There is a general belief that the patients with chronic liver disease are incapable of con-
ception (1–6). The incidence of pregnancy in cirrhosis is very low and has been reported
to be approx 1 in 5950 pregnancies from an Indian series (31).
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FETAL WASTAGE

The outcome of pregnancy in patients with portal hypertension due to noncirrhotic
causes is similar to the general population except for an increased incidence of abortion
(13). In an Indian series, the pregnant women with NCPH have an outcome similar to
the normal population, except for a higher rate of abortion (20%) (32). Similar outcomes
as in patients with EHPVO are expected in patients of cirrhosis with relatively preserved
liver synthetic functions, provided the risk of variceal hemorrhage is obviated by either
endoscopic therapy or portal decompression prior to conception (3,33–37). The incidence
of spontaneous abortion in this population has been reported to vary from 3% to 6%
suggesting that this subset of patients have a lower risk of this complication (4,13,14,32).

There is a high incidence of fetal wastage in the patients with cirrhosis, ranging from
9.6% to 66% (2,4,38,39). Most of the cases of early termination of pregnancy are caused
by spontaneous abortions (2). The rate of spontaneous abortion in patients with cirrhosis
is in the range of 15–20% (3,39). As seen in normal women, spontaneous abortions occur
most often in the first trimester, in subjects with cirrhosis. In contrast, it has been reported
that 60% of spontaneous abortions in pregnant women with NCPH occur in the second
trimester (13,40). There are scant data on rates of loss of pregnancy in the third trimester,
in both those with cirrhosis and noncirrhotic portal hypertension. The early interruption
of pregnancy because of therapeutic abortion, hysterotomy, and hysterectomy, although
reported, is relatively rare. Early termination of pregnancy due to maternal death is also
rare. Premature termination of pregnancy (21–37 wk) is comparable among the patients
with cirrhotic and noncirrhotic portal hypertension (20.51 vs 18.75%) (2).

PERINATAL FETAL LOSS

Perinatal mortality is higher (11–33.3%) in patients with portal hypertension owing
to both cirrhotic and noncirrhotic causes, as compared to normal pregnant women (3,32,
39). This is mainly a result of a high incidence of stillbirths in patients with portal hyper-
tension (17.85% in cirrhotic and 11.53% in noncirrhotic portal hypertension). The like-
lihood of perinatal loss is closely related to the severity of the underlying liver disease and

Table 2
Causes of Fetal Complications

Early Termination of Pregnancy (≤20 wk)
Spontaneous Abortion (10–18%)
Therapeutic Abortion
Hysterotomy

Premature Termination of Pregnancy (21–37 wk)
Maternal Death
Variceal Hemorrhage
Therapeutic Abortion

Perinatal Deaths
Still Birth
Prematurity
Intrauterine Growth Retardation
Complicated Labor
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not to its cause or the degree of portasystemic shunting. The specific complications con-
tributing to perinatal mortality include variceal hemorrhage, progressive liver failure,
toxemia, high blood pressure, severe anemia, and worsening renal function (2,30). The
fetal wastage in the patients with NCPH, on the other hand, has been reported to range from
7.9% to 20% in different series (13,32,40).

Perinatal mortality caused by variceal hemorrhage can be effectively reduced in patients
who are diagnosed to have portal hypertension before pregnancy by adoption of effec-
tive means for variceal eradication. Good fetal outcome and a comparatively low perinatal
mortality has been reported by the use of endoscopic variceal eradication during preg-
nancy by sclerotherapy, glue injection, and band ligation (13,33,35–37,41–45). A better
outcome has also been shown in the subgroup of patients with relatively preserved liver
functions who underwent a preconception decompressive shunt operation (13,38,46–48).
However, emergency portosystemic anastomotic shunts have been performed during
pregnancy, followed by arrest of variceal hemorrhage and uneventful delivery (49–53).
Successful TIPS has been performed for recurrent variceal bleeding due to liver cirrhosis
in a pregnant woman at 20-wk gestation (34).

There is no controlled trial to compare the efficacy of one procedure over another for
preventing variceal hemorrhage. However, the endoscopic variceal band ligation is widely
available and quite effective with relatively minor morbidity and mortality (33,35). This
modality is therefore often used for this purpose. However, the choice of the procedure for
a given patient at a given center has to be individualized according to the patient’s circum-
stances and the expertise available.

IMPACT OF PREGNANT STATE ON PREEXISTING
LIVER DISEASE AND PORTAL HYPERTENSION

There are limited data on the effect of pregnancy on chronic liver disease. It is generally
agreed that pregnancy does not appear to unduly stress the cirrhotic liver and does not con-
stitute a risk for worsening of chronic liver disease uncomplicated by portal hyperten-
sion (54). However, slight worsening of jaundice, impairment in liver functions, and/or
hepatic decompensation have been reported during pregnancy, although these changes
do not occur consistently (55).

Whereas liver functions are well preserved during pregnancy in those with NCPH, the
data for cirrhotic subjects are more mixed. It has been reported that 54.02% pregnancies
in cirrhotic patients had no deterioration, 41.37% had slight worsening, and 4.59% had
an improvement in the liver functions (2). Importantly, there are no consistent pattern of
changes from one pregnancy to the next for the same person. Clinical improvement in the
liver functions of patients with Wilson’s disease has been reported in the later stages of
pregnancy, probably because of the diminution in tissue copper levels from mobilization
to meet the requirements of the growing fetus (2,56,57). A patient who has deterioration
of liver functions during one pregnancy may never encounter these changes in subse-
quent pregnancies (2).

MATERNAL COMPLICATIONS

Maternal complications occur in 30–50% of patients with preexisting portal hyper-
tension. These are more common in patients with cirrhosis as compared to patients with
NCPH (4,58). Many complications are encountered in such patients including variceal



Chapter 23 / Pregnancy and Portal Hypertension 371

hemorrhage, hepatic failure, postpartum hemorrhage, rupture of splenic artery aneu-
rysm, rupture of splenorenal shunts, spontaneous bacterial peritonitis, and maternal death.
When acute hepatic failure develops on a background of cirrhosis and pregnancy, it is
associated with a high mortality with nearly one-third of subjects dying within 48 h of
the onset of acute liver failure (3,13,14,38,40). Hypersplenism may cause anemia and its
related complications. It also poses an added risk of bleeding due to thrombocytopenia
during pregnancy in such patients (13). The presence of underlying liver disease does not
affect the risk of toxemia of pregnancy which occurs with similar frequency in cirrhotic
(7.69%) vs noncirrhotic (9.37%) patients (2).

NATURAL HISTORY
OF PORTAL HYPERTENSION DURING PREGNANCY

General consensus exists about the increased risk of bleeding from esophageal varices
during pregnancy. Variceal hemorrhage occurs in around 19–45% of patients with portal
hypertension who become pregnant (3,46). Importantly, almost 78% of the patients who
have detectable varices during pregnancy are likely to bleed during the index gestation
(3,32,46). In an individual patient, bleeding occurs unpredictably in terms of both its
timing and severity. However, in general, it is more frequent in the second and third tri-
mester and also during labor. This has been attributed to both the increase in intraabdom-
inal pressures due to the enlarged gravid uterus and the hemodynamic changes associated
with pregnancy which peak in the second trimester. During labor, the expulsive efforts
associated with the 2nd stage causes a further rise in intraabdominal pressure which com-
presses the inferior vena cava and causes increased blood flow through gastroesophageal
collaterals and azygous system (1,29). Reflux esophagitis that commonly occurs in preg-
nancy in conjunction with retching because of morning sickness has been reported to pre-
cipitate variceal hemorrhage in the first trimester (13).

It is difficult to predict which women with preexisting varices will bleed during preg-
nancy. It is, however, more likely that those with large varices are more likely to bleed than
those with small varices. Whereas this was refuted in one study (30), it is generally held
that variceal size and the presence of endoscopic red signs are markers for increased risk
of bleeding. Although, a positive history of preconception variceal bleeding also has been
shown to have little predictive value in terms of bleeding during pregnancy in one study
(1), other reports suggest that a prior variceal bleed is an important risk factor for rebleed-
ing during pregnancy (3). Bleeding is approx seven times more likely to occur in those who
have not had a portal decompressive procedure compared to those who have had such a
procedure (55). Although some reports have failed to find a difference in the incidence of
variceal hemorrhage between cirrhotic and noncirrhotic portal hypertensive pregnant
patients (1), others have reported a higher rate of bleeding in those with extrahepatic por-
tal hypertension (43.7%) compared to cirrhotic subjects (19.6%) (2). Interestingly, whereas
the mortality in the latter group was around 61.5%, it was negligible in the latter (2).

Individual bleeding patterns in both cirrhotic and noncirrhotic portal hypertensive
patients are not predictive of bleeding during the gestation, suggesting that the patients
who have bled during pregnancy might, or might not bleed during subsequent pregnancies
(1). Maternal mortality associated with variceal hemorrhage in the perinatal period in the
pregnant patients with cirrhotic portal hypertension ranges from 18% to 61.5%, whereas
the maternal mortality in pregnant women with NCPH is in the range of 2–7.1% (13,59).
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Given the differences in these studies and existing literature on the natural history of
variceal hemorrhage, it is difficult to clearly demonstrate a higher risk of mortality from
variceal hemorrhage in pregnant vs nonpregnant subjects (59).

OTHER COMPLICATIONS

Pregnant cirrhotic patients have a high likelihood of postpartum hemorrhage, ranging
from 7% to 26%, as a result of coagulopathy and thrombocytopenia due to hypersplen-
ism (2,39). The coagulopathy is due mainly caused by a deficiency of factors V and VII,
with ocassional true prothrombin deficiency (2). Increased postpartum hemorrhage is
also seen in the pregnant cirrhotics after porto-caval shunt surgery owing to an increased
tendency to fibrinolysis after the anastomosis (39). Worsening of the already compro-
mised hepatic function because of variceal hemorrhage contributes to a great extent in
the morbidity and mortality of pregnant women. Acute variceal hemorrhage can cause
acute worsening of liver function in those with preexisting chronic liver disease. This may
manifest as worsening jaundice, hepatic encephalopathy, ascites, spontaneous bacterial
peritonitis, or renal failure. Hypotension and compromised liver blood supply are impor-
tant factors that further contribute to worsening liver failure (25,28).

Rupture of a splenic artery aneurysm is another potentially life-threatening condition
during pregnancy in a patient with portal hypertension and carries a considerably high
fetal, as well as maternal, mortality. This complication is addressed to in greater detail
in the later part of this chapter.

MANAGEMENT OF PREGNANCY
COEXISTING WITH PORTAL HYPERTENSION

Pregnancy in a patient with preexisting portal hypertension is a unique problem that
requires a hepatologist, neonatologist, and obstetrician to team up and work in a closely
coordinated manner. The management of such patients should ideally be done at the cen-
ters equipped with facilities and expertise for gastrointestinal endoscopy and portal vas-
cular surgery, high-risk obstetric care, and intensive perinatal care. The optimal manage-
ment starts with preconception advice about the potential complications that are likely to
occur and the associated risks to both the mother and the fetus because of these compli-
cations. The management of such patients continues through the gestation in to the peri-
natal period.

PRECONCEPTION COUNSELING AND MANAGEMENT

The most important aspect of preconception counseling is to get a sense for the patients’
desire to have children even after understanding the potential risks related to it. After
making an unbiased assessment about the desire to have children, the patients’ psycho-
logic and social situation should also be assessed to determine whether the patients’ stated
desire to have children is motivated by undue social pressures. It is generally advisable
to talk to both prospective parents together and separately. The potential risks to both
the mother and the fetus should be explained to both prospective parents (4).

A complete medical history, physical examination, and laboratory investigations to
assess the liver, renal, hematologic, and coagulation functions should be undertaken in
addition to the routine investigations done in normal women planning a pregnancy. A
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preconception endoscopy should be performed in all the patients with portal hypertension
or chronic liver disease with substantial fibrosis who plan to conceive. The cause of the
portal hypertension must also be taken in to consideration because of the specific prob-
lems encountered in different types of portal hypertension and appropriate laboratory
studies to determine the cause of liver disease should be performed if they are already
available. Genetic counseling should be provided when necessary. In the case of infec-
tious diseases such as hepatitis B and C, the risks of transmission to the offspring should
be explained. Patients with chronic hepatitis B or C, while on Interferon and Ribavarin
therapy should be advised against conception because of the toxicity and teratogenic
effects of these drugs (4). Autoimmune liver diseases usually do not flare up during preg-
nancy because of the immunosuppressive effects of pregnancy.

Pruritis of chronic cholestatic liver disease often worsens during pregnancy. Antici-
pation by the physician and preparedness of the mother is vital for the optimal care of this
potentially disabling symptom. More importantly, pregnancy should be planned when
the liver disease is stable and reliable contraception should be encouraged until concep-
tion is desired and recommended. Pregnancy should be avoided in the patients with pro-
spects for liver transplantation in near future, until the transplant has been done. However,
this is rarely a clinical issue owing to the poor fertility of such individuals.

ROLE OF SURVEILLANCE ENDOSCOPY
IN PREGNANT PATIENTS WITH PORTAL HYPERTENSION

A major objective is to find out the subgroup of patients who are at high risk for bleed-
ing. Surveillance endoscopy in the preconceptional period should be performed in all por-
tal hypertensive patients planning conception (3,60). The general management of portal
hypertension is not substantively different in pregnant subjects compared to nonpregnant
subjects (Fig. 1). According to the protocol followed for the nonpregnant portal hyper-
tensive patients, the bigger size of varices at endoscopy and the presence of a previous vari-
ceal bleeding increases the likelihood of variceal hemorrhage (14,61,62).

PRIMARY PROPHYLAXIS

Until more conclusive data are available, the primary prophylaxis of the variceal bleed-
ing (varices that have never bled) by a nonselective β-receptor antagonist drug remains the
therapy of choice. The role of endoscopic variceal ligation (EVL) for primary prophylaxis
of variceal hemorrhage in the setting of pregnancy requires further evaluation as there are
only anecdotal data in support of these endoscopic treatment (25,37,62,63). Beta-adren-
ergic receptor antagonist drugs are relatively safe but need fetal monitoring for bradycar-
dia and growth retardation (4). Those who are intolerant of β blockers may be treated
with endoscopic variceal band ligation, particularly if their varices are large. There is cur-
rently no role or justification for the use of prophylactic shunt surgery in those who have
never bled (55).

SECONDARY PROPHYLAXIS

The patients with a previous variceal bleeding and borderline liver functions are more
likely to develop another episode of variceal hemorrhage during pregnancy with its atten-
dant risks of going into hepatic failure. Appropriate contraception should be advised in
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these patients until the liver functions have stabilized and the variceal obliteration achieved
using EVL. EVL has replaced endoscopic sclerotherapy for this purpose (64).

ANTENATAL MANAGEMENT

When a pregnancy occurs in a female with portal hypertension, the expectant mother
should be evaluated both by the hepatologist and the obstetrician and proper risk assess-
ment be done. In case of an unplanned conception, the risks should be explained again
to the expectant parents and the desire for a child must be balanced against the risks of
pregnancy. The decision to terminate pregnancy is a complicated one and should involve
careful consideration of the medical risks to the mother, fetus, as well as the religious
and ethical issues surrounding such a decision (4). The duration of gestation is also a key
factor in making this decision. The further along the pregnancy is, the more difficult such
a decision becomes. In general, most physicians support the pregnancy if it is more than
10–12 wk along unless the mother’s life is in immediate jeopardy.

The routine antenatal care given during any pregnancy should be given in addition to
the special considerations related to management of portal hypertension. Fetal develop-
ment should be closely monitored at regular intervals to detect intrauterine growth retar-
dation and fetal distress at the earliest, so that an effective management plan can be imple-
mented to improve both the maternal and fetal outcomes. Immunosuppressive drugs in
post-liver transplant patients should be carefully titrated to lowest effective dose so as
to prevent the intrauterine growth retardation and neonatal immunosuppression (65,66).

Fig. 1. Algorithm to the management of portal hypertension in pregnancy.
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The adaptation of the mother to the hemodynamic and other changes during the preg-
nancy have effects on preexisting cirrhosis and/or portal hypertension. Renal Na and
water retention can contribute to several complications such as pulmonary edema, and
generalized convulsive seizures. Such hemodynamic changes have been described in both
the cirrhotic and noncirrhotic pregnant patients (3). In subjects with either a history of
ascites, Na restriction is advised (3).

The assessment of the variceal size and liver functions must be done once the concep-
tion is confirmed in the patients in whom it has been missed in the preconception period
so that an appropriate management plan may be outlined. An ultrasound and Doppler
examination should be performed to look for the porto-splenic vessels. Special effort must
be made to look for a splenic artery aneurysm due to the potential for their rupture and life-
threatening hemorrhage during the course of pregnancy (4). Early detection of the varices
during gestation may help in deciding the future course of management in these patients
(3). The management of varices should follow the guidelines described above (Fig. 1).
Nonselective β-adrenergic receptor antagonists are the first line of therapy for primary
prophylaxis of the high risk varices. Intolerance to these drugs is an indication for EVL.
In those who experience bleeding, the management of the active bleed should follow stan-
dard guidelines with pharmacologic treatment with Octreotide and endoscopic sclerother-
apy or band ligation. Once bleeding is controlled, variceal eradication should be achieved
using weekly or two weekly endoscopic sessions (67).

MANAGEMENT OF ACTIVE VARICEAL HEMORRHAGE

The development of active variceal hemorrhage is a medical emergency. This warrants
the emergency control of variceal bleeding by the EVL or EST, along with use of Octreotide.
Both EST and EVL have been shown to be safe and effective means to control bleeding
during pregnancy (33,35–37,41,44,45). Vasopressin and its analogs should be avoided
owing to the risks of inducing labor. Pharmacologic therapy with somatostatin or its ana-
logs are a valuable adjunct to the endoscopic therapy with minimal side effects. The phar-
macologic therapy is of particular value to control the variceal bleeding alone when the
patient is too unstable for the endoscopic procedure. These drugs have been safely used
for 5–7 d with an effective control of variceal bleeding (25). Balloon tamponade is often
used to stabilize patients who fail to respond to the endoscopic and the pharmacologic
therapy and are hemodynamically unstable. This is just a temporary measure to bridge
the gap of time until more definitive therapy as shunt surgery or TIPS is undertaken (25).
Emergency portosystemic anastomotic shunts have been performed during pregnancy,
followed by arrest of variceal hemorrhage and uneventful delivery (49–53). Successful
TIPS has also been performed for recurrent variceal bleeding caused by liver cirrhosis
in a pregnant woman at 20 weeks gestation. TIPS procedure is not absolutely contrain-
dicated during pregnancy. The risks of TIPS placement must be considered on a case-
by-case basis taking the severity of the underlying maternal disease and risks of radiation
exposure to the fetus (34).

The management of the cause of portal hypertension must continue. Pruritis associated
with liver disease often worsens during pregnancy. Management with ursodeoxycholoic
acid (UDCA), mild antihistamines, ultraviolet radiation, and phenobarbital are consid-
ered as to be safe options in pregnancy (4). Although interferon therapy for hepatitis B
and C is not advisable because of the risks associated with these drugs during pregnancy,
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Lamivudine, a nucleoside analog is a safe and effective antiviral drug that can be used
in hepatitis B virus infections with a positive hepatitis B e antigen or a high DNA load.
Lamivudine, given in the perinatal period, effectively prevents the vertical transmission
of virus in addition to the benefit of viral eradication in the mother (68). Expectant man-
agement with regular monitoring may be undertaken in diseases like Wilson’s disease
where clinical improvement in the liver functions has been reported in the later stages
of pregnancy (2,56,57).

PERINATAL MANAGEMENT

The perinatal management of a pregnant portal hypertensive mother has to be indivi-
dualized according to the status of the liver disease and the size of the esophageal varices.
Elective abdominal delivery by cesarean section in an attempt to minimize the stress on
the circulatory system is reserved only for the usual obstetric indications (2). Vaginal
delivery is generally attempted unless there is an obstetric indication for cesarean section
(2,38). The patient should be carefully sedated and should avoid straining, especially when
full cervical dilatation has not been attained. Oversedation should be avoided. Fetal mon-
itoring is required if maternal sedation is provided. Shortening of the second stage of labor
by forceps or other obstetric techniques is advisable and strongly recommended. Ade-
quate amount of blood and a tube for balloon tamponade should be kept by the bedside
in case of a variceal hemorrhage during or after delivery (2,4). Volume overloading by
overzealous fluid administration can be catastrophic and should be avoided. Coagulopathy
due to the liver disease should be corrected.

In case abdominal delivery by cesarean section becomes mandatory, a vascular surgeon
with expertise should be available to take care of the uncontrolled variceal bleeding or
ectopic varices in the operative field (4). Postpartum hemorrhage should be anticipated
and adequately managed.

SPLENIC ARTERY ANEURYSM (SAA)
IN PREGNANCY WITH PORTAL HYPERTENSION

 Pregnancy-related rupture of arterial aneurysm is an unusual complication that is asso-
ciated with a considerably high maternal and fetal morbidity and mortality. Rupture of
aortic, cerebral artery, splenic artery, renal artery, hepatic artery, coronary artery, and
ovarian artery aneurysms have all been reported during pregnancy (69,70). SAAs are spe-
cifically more common during pregnancy in a portal hypertensive mother. The exact etio-
pathogenesis of this phenomenon is not very clear.

The actual incidence of SAA is unknown. It has been reported to range from 0.16% in
a series of unselected autopsies to 10.4% in patients who died above 60 yr of age (71,72).
SAA are the third most common intraabdominal artery aneurysm after aortic and iliac
artery aneurysms (71,73). This condition is more prevalent in females with a male-to-
female ratio of 1 to 4–5 (70,74).

Pregnancy is not the sole cause of SAA. Certain congenital abnormalities (like Marfan’s
syndrome, Ehler–Danlos syndrome), inherited vascular disorders, inflammatory proces-
ses, arterial degeneration, and trauma can also cause arterial aneurysms. Factors as portal
hypertension, pancreatitis, grand multiparity, and trauma have been associated with the
formation and rupture of SAA in the nonpregnant population. Portal hypertension has
been especially linked with the SAA and is present in 19–33% of the cases of ruptured
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SAA (75–77). On the other hand, the incidence of SAA rupture in all cases of pregnancy
is only 2.6% (2). It has been postulated that SAAs result from the hyperkinetic circulation
associated with pregnancy. Pregnancy is also associated with hyperplasia of the arterial
intima with fragmentation and fibrodysplasia of the media. These degenerative changes
may lead to mural outpouchings especially in the setting of a hyperdynamic circulation
as seen in pregnancy. Relaxin, a hormone secreted during the third trimester for relaxa-
tion of pubic symphysis, has also been implicated in this process (69,78).

SAA rupture is most common in pregnancy and commonly occurs in the age group rang-
ing from 15 to 41 yr. The incidence of rupture increases during pregnancy from approx
12% in the first two trimesters to 69% in the third trimester (79). The risk declines to 13%
during labor and 6% in the puerperium.

The SAA are most commonly (71%) solitary lesions located most commonly (79%)
in the distal third of the artery, usually at the bifurcation. These are usually saccular and
calcified in around 72% cases (80). Nearly 95% of the SAA are clinically silent. The patients
may have intermittent epigastric or left upper quadrant pain radiating to back or left
shoulder as a prodrome to rupture. Pain may occur days to weeks in either shoulder prior
to aneurysm rupture caused by the enlarging aneurysm. Some patients develop right upper
quadrant pain that is mistaken as cholecystitis. The rupture of SAA may have variable pres-
entations mimicking common conditions as amniotic fluid embolism, placental abruption,
uterine rupture, pulmonary thromboembolism, peptic ulcer perforation, renal colic, cho-
lecystitis, and rarely, appendicitis (74,81,82). Nonspecific symptoms like nausea and vomit-
ing may also be encountered. The physical signs suggestive of a SAA are splenonegaly
(44%), a left upper quadrant bruit (<10%), or very rarely, a palpable aneurysmal mass. The
SAA are occasionally incidentally detected as curvilinear or signet ring opacity in the left
upper quadrant on abdominal roentgenogram obtained for unrelated reasons (80,82–84).

SAA usually (75%) rupture freely into the peritoneal cavity. Rarely the rupture is in
the form of a “Double-Rupture” syndrome where the rupture initially occurs in the lesser
omental sac accompanied by syncope, hypotension, and flank pain. Partial tamponade
occurs once the lesser sac is full of blood clot, thereby allowing partial recovery of the
patient’s blood pressure. After a period ranging from minutes to weeks, the second rup-
ture occurs when the clot escapes from the lesser sac into the peritoneum via the foramen
of Winslow permitting free peritoneal bleeding. There is rapid worsening of pain and
hemodynamic collapse occurs (76,80). SAA have also been reported to rupture into the
gastrointestinal tract causing gastrointestinal bleeding and into the common bile duct
causing acute pancreatitis and hemobilia (78,83).

There has to be a high index of suspicion to diagnose a SAA rupture. Ultrasonography
with pulsed Doppler and computed tomography are less invasive modes of diagnosis, and,
hence, are more commonly used in the diagnosis of SAA, but are less reliable. Arteriog-
raphy and magnetic resonance imaging (MRI) have facilitated in the incidental clinical
identification of the SAA. Once a pregnant patient has presented with acute abdomen,
and the presumptive diagnosis of intraabdominal bleeding is made, exploratory laparo-
tomy becomes mandatory. Splenectomy and ligation of the splenic artery is performed
for ruptured SAA. Ruptured SAAs are associated with a very high maternal and fetal mor-
tality (nearly 75 and 95%, respectively). However, there are few case reports where good
fetal and maternal outcome have been reported (78,85–87).

Varying opinions exist with respect to the management of the asymptomatic SAA. Some
experts advise elective surgical repair when the aneurysm is >2 cm or when pregnancy
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is anticipated (74). Others stress that even a small SAA warrants preemptive obliteration
by surgery, embolization, or laparoscopic ligation to avoid the very high maternal and
fetal loss (88).

SUMMARY

As emphasized earlier, pregnancy in a patient with portal hypertension is a unique
problem because of the effects of the hemodynamic chages that occur to maintain a nor-
mal perfusion and nutrition of the growing fetus. This situation needs specialized care
to prevent potentially life-threatening complications such as gastrointestinal hemorrhage.
The risk of bleeding from the esophageal varices in a patient with portal hypertension
is almost 400 times greater than a nonportal hypertensive mother, with the greatest risk
being during the second trimester. Almost 78% of the patients who have detectable varices
during pregnancy would bleed during the index gestation. It is not possible to predict which
women with preexisting varices would bleed during the present pregnancy and also there
is no correlation of size of varices to the risk of variceal hemorrhage and its severity. Coor-
dination by a hepatologist, an obstetricican, and a neonatologist is required for the ade-
quate management of this condition and starts with a preconception advice about the
potential complications and associated risks to both the mother and the fetus. The manage-
ment of such patients continues through the gestation, the antenatal period, up to the peri-
natal period. Surveillance endoscopy in the preconceptional period is an absolute must. At
present, primary prophylaxis of the variceal bleeding by a nonselective β-receptor antag-
onist drug is safe and remains the therapy of choice. The role of EST and EVL as modalities
for primary prophylaxis of variceal hemorrhage requires further evaluation. As a modality
for secondary prophylaxis EVL has gained an edge over EST. The concept of a prophylac-
tic shunt leading to improved survival has been disapproved.

Other complications encountered in such patients beside the variceal hemorrhage are
hepatic failure, postpartum hemorrhage, rupture of splenic artery aneurysm, rupture of
splenorenal shunts, spontaneous bacterial peritonitis, and maternal death. It is, there-
fore, important to understand the effect of pregnancy on portal hypertension and vice
versa so that untoward incidents like fetal morbidity and mortality and gastrointestinal
hemorrhage can be avoided. SAAs are more common during pregnancy and is one of
the commonest visceral artery aneurysm during pregnancy. A high index of suspicion is
required for making an early diagnosis and management of such cases. SAA is associ-
ated with a considerably high maternal and fetal morbidity and mortality.
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INTRODUCTION

The survival of children with portal hypertension has improved over the past decade
owing to significant improvements in both medical and surgical therapy. These improve-
ments have included progress in the pharmacologic control of acute portal hypertensive
hemorrhage and improved efficacy and safety of endoscopic methods to treat acute esoph-
ageal variceal hemorrhage. However, despite these changes, there remains a significant role
for advanced surgical therapy using portocaval shunts in children with gastrointestinal
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hemorrhage were significant sequela of portal hypertension. In addition, patience with
both irreversible liver disease and portal hypertension have benefited from the improved
success with pediatric liver transplantation as a definitive treatment for children with end-
stage liver disease. This review will primarily examine the role of surgical therapy for chil-
dren with progressive portal hypertension.

DEFINITION, ETIOLOGY

Portal hypertension is defined as an elevation of the portal pressure above 10–12 mmHg.
In healthy children, portal pressure rarely exceeds 7 mmHg. Elevation of the portal pres-
sure is commonly classified by the anatomic location of the obstructed portal venous flow,
subdivided as presinusoidal, sinusoidal, or postsinusoidal block, although increased
splanchnic blood flow may contribute in some cases. The response to increased portal
venous pressure is similar to adults, with the development of collateral circulatory path-
ways connecting the high-pressure portal vasculature to the low-pressure systemic venous
system. The most common communications occur within the esophageal wall, connecting
the coronary and short gastric veins to the esophageal venous plexus, which communicate
with the intercostal, azygous, and hemiazygous veins. As portal pressure increases, esoph-
ageal varices developing within this plexus become the site with the highest risk for mas-
sive hemorrhage. Less-threatening collateral communications can develop between the
recanalized umbilical vein and abdominal wall systemic veins (caput medusa), the inferior
-rectal veins as hemorrhoids, and around the retroperitoneal pancreas and duodenum. In
addition, any surgical union between the portal and systemic venous circulation, such as
occurs with intestinal stomas or previous incision sites, can become problematic collateral
sites. Favorable collaterals developing within the tissues surrounding the pancreas, duod-
enum, and left kidney form “spontaneous” spleno-renal shunts. The possibility that these
collaterals play a significant role in ultimately decreasing portal venous pressure and pre-
venting variceal hemorrhage has been suggested, but remains unproven. In our opinion,
their radiographic and physical appearance exceeds their hemodynamic importance and
benefit.

The progressive development of collaterals connecting the portal and systemic circu-
lation has the theoretical beneficial effect of decreasing portal pressure. However, this
effect is ameliorated by the concurrent development of a hyperdynamic circulatory state
(1). Portal hypertension has been associated with the presence of autonomic nervous sys-
tem dysfunction, and an excess of circulating cytokines leading to tachycardia, decreased
systemic, and splanchnic vascular resistance secondary to vasodilatation, plasma volume
expansion, increased cardiac output, and subsequently, increased portal inflow.

The combination of increasing portal inflow, venous outflow obstruction, and the
remarkable collateral circulation that develops account for many of the complications
associated with portal hypertension. Superficial submucosal varices, especially those in
the esophagus and stomach, and, to a lesser extent, those in the duodenum, colon, or rec-
tum, are prone to rupture and bleeding. In addition, prominent submucosal arteriovenous
communications between the muscularis mucosa and dilated precapillaries and veins
within the stomach result in vascular ectasia, or congestive hypertensive gastropathy,
significantly contributing to the risk of hemorrhage from the stomach.

Each of the causes of elevated portal pressure shares the common mechanism of increased
resistance to blood flow from the visceral/splanchnic portal circulation to the right atrium.
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In children, the location of this increased resistance can be: (1) prehepatic (or presinu-
soidal)—usually within the portal vein and its primary feeding branches; (2) intrahepatic
—due to presinusoidal obstructions (congenital hepatic fibrosis, congenital or acquired
arterial-portal fistula, or schistosomiasis), postsinusoidal cirrhosis, or venoocclusive dis-
ease; or (3) posthepatic—secondary to hepatic vein obstruction. Although this anatomic
description is helpful to structurally organize a differential diagnosis, the primary factor
influencing the prognosis and treatment algorithm is the intrinsic status of the liver. Pre-
sinusoidal obstruction does not result in impairment of hepatic synthetic function, coagu-
lopathy is usually absent or only mildly affected. Treatment should be directed toward the
prevention of hemorrhage through palliative interventional procedures while spontane-
ous collateral venous channels develop. In contrast, postsinusoidal obstruction is char-
acterized by hepatic synthetic compromise, coagulopathy, and progressive hepatic failure.
Although intervention to prevent or treat potentially fatal complications may be necessary,
definitive correction with liver transplantation is often required. Table 1 reviews the dis-
eases associated with portal hypertension in children (2).

PRESINUSOIDAL OBSTRUCTION

The most common type of presinusoidal obstruction is extrahepatic portal vein obstruc-
tion (EPVO) at any level of the portal vein. Umbilical vein infection in infancy, with or
without umbilical vein cannulation, has been associated with the development of occult
thrombosis of the portal vein. Infection can spread from the umbilical vein to the left branch
of the portal vein, and eventually the main portal venous channels, leading to phlebitis and
subsequent thrombosis. Similar infections in older children, such as perforated appen-
dicitis, primary peritonitis, and inflammatory bowel disease have also been identified
as predisposing factors, as have primary biliary tract infections or cholangitis. Inherited
abnormalities predisposing to hypercoagulability play a significant role in “spontaneous
thrombosis” in childhood. A complete evaluation of the thrombotic system should be
undertaken in each case, with attention directed toward factor V Leiden mutation, protein
C, protein S, and antithrombin III deficiencies. In addition, hyperviscosity/polycythemia
in infancy can lead to secondary thrombosis, especially when accompanied by neonatal
dehydration or systemic infection and phlebitis (2,3). Ando et al. suggested that embryo-
logical malformations resulting in tortuous, poorly developed portal veins could be a
primary cause for EPVO or predispose to an increased risk of thrombosis (4). Rare con-
genital anatomic abnormalities can also include webs or diaphragms within the portal
vein leading to obstruction. The potential role of congenital abnormalities in EPVO is
supported by the concurrent presence of other congenital anomalies in 40% of children
with no postnatal etiology for EPVO compared to an incidence of only 12% of children
with a defined etiology such as umbilical vein catheterization (2,5). Presinusoidal obstruc-
tion can also result from congenital hepatic fibrosis, schistosomiasis, hepato-portal scler-
osis, and rare cases where increased portal blood flow is attributed to congenital or acquired
arteriovenous fistula within the portal system (6). Despite thorough evaluation, over one-
half of reported EPVO cases have no identifiable cause.

POSTSINUSOIDAL OBSTRUCTION

Postsinusoidal obstruction to the portal venous system is caused by intrinsic liver dis-
ease, secondary to cirrhosis, or obstruction to the hepatic vein outflow from the liver.
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Cirrhosis resulting from primary liver diseases is the most common etiology of post-
sinusoidal portal hypertension in children, with venous obstruction arising secondary to
intrahepatic scarring. The numerous causes of cirrhosis include recognized disorders
such as extrahepatic biliary atresia, metabolic liver disease such as α-1 antitrypsin defi-
ciency, Wilson’s disease, glycogen storage disease type IV, hereditary fructose intoler-
ance, and cystic fibrosis. As many of these conditions are associated with progressive
liver failure, the primary treatment in most cases is liver transplantation. Successful trans-
plantation corrects the portal hypertension and its complications such as hypersplenism,
ascites, and synthetic liver failure. In the clinical situation where hepatic synthetic failure
is not present or only slowly progressive, direct treatment of portal hypertension or its
complications is indicated.

Table 1
Pediatric Diseases Associated with Portal Hypertension (2)

Presinusoidal
Venous Obstructions

Portal vein thrombosis/cavernous transformation
Splenic vein thrombosis
Portal vein malformation (Congenital)

Congenital hepatic fibrosis
Arteriovenous fistula
Schistosomiasis
Hepatoportal sclerosis
Sinusoidal
Hepatocellular Disease

Autoimmune hepatitis
Hepatitis B, C
Wilson’s disease
α1–antitrypsin deficiency
Glycogen storage disease–Type IV
Toxins and drugs
Histiocytosis X
Gaucher’s disease
Peliosis

Biliary Tract Disease
Biliary atresia
Cystic fibrosis
Choledochal cyst
Intrahepatic cholestasis syndromes
Sclerosing cholangitis

Sinusoidal venoocclusive disease
Postsinusoidal
Budd–Chiari Syndrome
Inferior vena cava obstructions
Chronic congestive heart failure
Venoocclusive disease (s/p bone marrow transplantation)
Prothrombotic disease
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Hepatic vein obstruction (Budd–Chiari syndrome) can occur secondary to obstruction
to the hepatic veins at any point from the sinusoids to the entry of the hepatic veins into
the right atrium/inferior vena cava. Although a specific etiology is often not found, throm-
bosis can complicate neoplasms, collagen vascular disease, infection, trauma, or hyper-
coagulability states. Veno-occlusive disease has emerged as one of the most frequent
causes of hepatic vein obstruction in children. In this disorder, occlusion of the centrilob-
ular venules or sublobular hepatic veins occurs. Most cases occur after total body irradia-
tion with or without cytotoxic drug therapy associated with bone marrow transplantation
(7). This condition has also occurred after the ingestion of herbal remedies containing
the pyrrolizidine alkaloids, which are sometimes taken as medicinal teas (8).

DIAGNOSIS AND EVALUATION

Clinical history and examination should concentrate on identifying factors that pre-
dispose to the development of cirrhosis, including a family history of inherited metabo-
lic disease, and possible exposure to viral or toxic pathogens. Clinical examination findings
suggesting underlying liver disease (ascites, liver size/contour, nutritional status), hyper-
splenism (spleen size, bruising), or hepatopulmonary syndrome (spider angiomas, club-
bing, cyanosis) contribute to diagnostic evaluation and therapeutic planning. Historical
events preceding portal vein thrombosis should be sought. Hypercoagulability and its
complications should be evaluated in both the patient and family members due to the
inherited basis for these protein abnormalities.

Imaging tests are essential to confirm the presence of portal hypertension, define the
portal venous anatomy, and formulate options for future therapy. Initial screening with
ultrasound can suggest the presence of chronic liver disease and should determine portal
venous patency. Doppler examination can depict both the direction of portal flow and
the degree of hepatopetal flow, which correlates with the risk of variceal hemorrhage.
The branches of the portal venous system are examined to exclude splenic vein thrombo-
sis, or widespread portal system thrombosis. Magnetic resonance angiography (MRA)
or contrast-enhanced computed topography have replaced mesenteric angiography when
further definition of portal anatomy is necessary, such as when liver transplantation or
portal–systemic shunt procedures are planned (9).

Upper gastrointestinal endoscopy is the most accurate and reliable method for detect-
ing esophageal varices and for detecting the source of acute gastrointestinal hemorrhage.
This is especially valuable in the presence of acute hemorrhage, where up to one-third of
patients with known varices may have bleeding from other sources such as portal hyper-
tensive gastropathy or gastric/duodenal ulcerations. In addition, endoscopy can identify
features associated with an increased risk for future hemorrhage, such as large varices,
“red spots” apparent over varices representing fragile telangiectasis within the shallow
submucosa, and portal hypertensive gastropathy. Endoscopy is also used to initiate treat-
ment when acute bleeding varices are identified (10).

Liver biopsy may be helpful in determining the etiology of intrinsic liver disease and
in defining further therapy or need for transplantation.

TREATMENT OF PORTAL HYPERTENSIVE COMPLICATIONS

The decision to undertake pharmacological, endoscopic, or surgical treatment for
portal hypertension must be based on the natural history of the disease and the possibility
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of life-threatening complications. The prognosis is related to the primary etiology of the
portal hypertension. It has generally been accepted in patients with portal hypertension
due to EPVO that the risk of acute variceal bleeding decreases with age, concurrent with
the development of spontaneous portosystemic collaterals. This postulated natural his-
tory has been the primary argument supporting conservative management of hemorrhage
in these patients, using endoscopic therapy to obliterate esophageal varices while await-
ing the development of favorable retroperitoneal and peripancreatic collaterals. How-
ever, when the natural history of patients with EPVO was studied by Lykavieris et al., they
found little to support this theory (11). Their review of 44 patients, followed for a mean
of 8 yr after their twelfth birthday, showed that the actuarial risk of hemorrhage increased
with age from 49% at 16 yr to 76% at 24 yr. Children who had experienced bleeding
complications prior to age 12 had a significantly greater chance of bleeding again by age
23, compared to those who had not bled by 12 yr of age (93% vs 56%; p = 0.007). In those
with grade II or III varices, the actuarial risk of hemorrhage was 60% at age 18, and 85%
at age 23, compared to patients with no esophageal varices or grade I varices at 12 years
of age who experienced no episodes of hemorrhage. This high rate of bleeding in adoles-
cence and early adulthood challenges the assumption that these complications inevita-
bly decrease with time, and suggests that a high-risk population for rebleeding can be
identified and selected for preemptive effective treatment. A similar conclusion was
reached by Orloff et al. who noted in their 40-yr experience that 42 out of 94 adult patients
who underwent portosystemic shunt procedures for portal vein thrombosis had the onset
of their bleeding episodes in childhood (12). In this series, an average of 5.4 bleeding epi-
sodes occurred prior to portosystemic shunting. Data to conclusively supported the con-
cept that extrahepatic portal hypertension and its complications will be “outgrown” are
presently lacking although the concept persists.

In patients with intrinsic liver disease, therapeutic choices are influenced by the prob-
ability of progression of their disease and their potential need for liver transplantation
in the future. A significant number of these patients will require temporizing endoscopic
treatment or surgical portosystemic shunt therapy to treat complications or maintain sta-
bility prior to needing liver replacement.

The most common portal hypertensive complication is gastrointestinal bleeding. Regard-
less of the site and mechanism, initial therapy for portal hypertensive bleeding is directed
toward fluid resuscitation and, when necessary, blood replacement. A nasogastric tube
should be placed to confirm the upper GI tract as the source of bleeding, and for evacua-
tion of blood from the stomach. An H2 receptor blocker or proton-pump inhibitor should
be administered to decrease the risk of further bleeding from gastric erosions. In patients
with hepatic synthetic dysfunction and coagulopathy, administration of vitamin K, fresh
frozen plasma, or cryoprecipitate, and platelets when thrombocytopenia is present may
also be necessary. Adequate volume resuscitation is essential; however, volume overload
from excessive transfusion or crystaloid administration is counterproductive, as this leads
to a further increase in portal pressure and continued hemorrhage.

PHARMACOLOGIC TREATMENT

Pharmacologic intervention to decrease portal pressure may be considered in pediatric
patients with continued bleeding. A variety of options are now available when intervention
is required are similar to those used in adult patients.
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Vasopressin
Vasopressin increases splanchnic vascular tone, decreasing splanchnic arterial inflow,

thus decreasing portal venous pressure. It is administered as an initial bolus of 0.3 µg/kg
over 20 min followed by a continuous infusion of 0.002–0.005 µg/kg/min. Intraarterial
infusion into the superior mesenteric artery has no advantage over intravenous routes.
Several randomized controlled trials in adults have verified the significant beneficial
effect of vasopressin in controlling variceal hemorrhage (13). Although vasopressin infu-
sion has been associated with control of variceal hemorrhage in 53–85% of cases in chil-
dren, its use has been limited by the associated systemic vasoconstriction to the heart,
bowel, and kidneys, impairing cardiac function, and exacerbating fluid retention (10).
Nitroglycerin has been used to augment the decrease in portal pressure and ameliorate the
untoward systemic effects, but is inappropriate when systemic blood pressure is unstable.
Because of these limitations, vasopressin is uncommonly used in the pediatric setting.

Somatostatin and Octreotide
Somatostatin, a 14-amino-acid peptide, also reduces splanchnic blood flow by selective

mesenteric vascular smooth muscle constriction, and therefore does not precipitate the
systemic vasoconstriction seen with vasopressin infusions. Its short half-life complicated
treatment, leading to the development of octreotide, an 8-amino-acid synthetic somatosta-
tin analog. Octreotide can be administered subcutaneously, but is best used as a continuous
intravenous (iv) drip (25–50 µg/m2/h, or 1.0 µg/kg/h). In adult studies, both somatostatin
and octreotide have achieved excellent results in controlling acute variceal hemorrhage
compared to vasopressin or mechanical tamponade (13). Studies in children to confirm
this success have not been undertaken, and its use and efficacy in children can only be
inferred.

MECHANICAL TAMPONADE

Mechanical tamponade using balloon catheter tubes (Sengstaken–Blakemore or Min-
nesota tubes) provide mechanical compression of esophageal and gastric fundal varices.
These must be carefully placed by an individual skilled in their use, often with fluorosco-
pic assistance. Monitoring is necessary to keep the esophageal balloon pressure below
mean arterial blood pressure to avoid mucosal ischemia during long-term placement. Suc-
tion of secretions from the upper esophagus and pharynx is necessary to prevent aspira-
tion. Endotracheal intubation is inevitably required in children. Although balloon tampon-
ade is usually successful in stopping refractory hemorrhage, the effect is often transient and
recurrence following removal is common. This high rate of complications has limited their
use to emergency control until other measures or surgical intervention can be instituted.

ENDOSCOPIC INTERVENTION FOR ESOPHAGEAL VARICES

In most cases, variceal hemorrhage can be controlled in children with fluid resuscita-
tion, correction of coagulation, and pharmacologic support. However, the risk of recurrent
hemorrhage and the need for accurate diagnosis of the site of hemorrhage often mandate
endoscopy during the early posthemorrhage period. When variceal hemorrhage is con-
firmed or strongly suspected, variceal sclerotherapy or variceal band ligation can be used
to eradicate the present or future sites of bleeding.
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ENDOSCOPIC SCLEROTHERAPY–ENDOSCOPIC BAND LIGATION

The use of endoscopic methods to control acute variceal hemorrhage is well estab-
lished. Endoscopic sclerotherapy (EST) has been widely used as the primary treatment
for refractory variceal bleeding due to its high success rate (>90%) and the ability to
institute initial treatment at the time of diagnostic endoscopy. The procedure is success-
ful using both intravariceal and perivariceal injection techniques (Fig. 1). In children, 5%
ethanolamine, 1–1.5% tetradecyl sulfate, or 5% sodium morrhuate have been used with
equal success. Most patients require 3–6 sessions at intervals of 2–4 wk to eradicate esoph-
ageal varicies. Minor early complications, which occur in almost all patients, include
retrosternal pain, fever, and transient dysphagia. Esophageal ulceration at the site of injec-
tion, a direct consequence of the procedure, is seen in 70–80% of patients and can be the
source of recurrent bleeding. Serious complications such as esophageal strictures, esoph-
ageal perforation, or mediastinitis occur in 10–20% of patients. Despite these risks, emer-
gency sclerotherapy has been successful in terminating acute variceal hemorrhage. The
long-term outcome following EST is related to the primary liver disease. In children with
EPVO, recurrent variceal bleeding developed in 31% of patients followed for a mean
period of 8.7 yr; however, in children with intrahepatic disease, the rate was 75% (14,15)
(Table 2).

In an attempt to overcome these complications but preserve the treatment success of
EST, esophageal band ligation (EBL) of varices has been developed, using techniques

Fig. 1. Injection sclerotherapy techniques—intravascular (dark) and perivascular (dotted) techniques.
Reprinted with permission (60).
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similar to those for banding internal hemorrhoids (Fig. 2). Band ligation has the advan-
tage of ligating only the submucosal venous varices, without harming the submucosal
lining. This should minimize the technical complications associated with injection of the
submucosa and esophageal wall during sclerotherapy. Several bands are placed during
each procedure, requiring multiple passes of the endoscope as it may bear only a single
band at a time.

Experience with EBL in children is less extensive but reports similar success to the
90–96% control rate for acute variceal hemorrhage seen in adults (14,16,17) (Table 3).
Variceal obliteration was achieved in 73–100% of cases, rebleeding prior to completion
of obliteration was less common then with EST; however, recurrence was seen in 75%
of patients with intrahepatic disease. In addition, the small size of the child’s esophagus
limits the number of O-rings that can be placed at one treatment session, requiring mul-
tiple treatments. The thinner esophageal wall of small (<1 yr old) children makes full-
thickness ligation a risk, precluding EBL below this age (14).

Both EST and EBL have been used for the primary prophylaxis of variceal hemor-
rhage. Prophylactic EST decreased the incidence of bleeding in children from 42% to
6% in the controlled randomized trial by Goncalves et al., using EST every 21 d until
initial obliteration was complete (18). However, following successful EST, 16% devel-
oped congestive hypertensive gastropathy and 38% bled from this lesion. This was in
contrast to the control group where only 6% had congestive hypertensive gastropathy,
with no gastropathy associated bleeding episodes. Prophylactic EST did not alter patient
survival compared to the control group. When this trial was expanded as a controlled
prospective randomized trial of prophylactic sclerotherapy, identical conclusions were
reached (18). EBL has also had used for primary prophylaxis in a limited number of
children. When undertaken for intrahepatic disease, 72% of varices were eradicated or

Fig. 2. Endoscopic band ligation technique—(A) Varix is drawn into the band ligator using suction
to facilitate band placement; (B) Band applied to varix to occlude proximal and distal flow.
Reprinted with permission (60).
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improved, but two-thirds required combined EST in addition to EBL to achieve control.
Varices were not controlled or recurred in 27%, and the emergence of congestive hyper-
tensive gastropathy was noted as well (19). Long-term control with EST seems to exceed
that with EBL, and a combination of both may be more effective than EBL alone. The
risk of accelerated formation of gastric varices may overshadow any prophylactic ben-
efit for either EST or EBL; however, sufficient experience is not available to assess this
risk at the present time.

PORTOSYSTEMIC SHUNTS

Numerous surgical procedures have been devised to divert portal blood into the low-
pressure systemic venous circulation, thereby decreasing the portal venous pressure.
Enthusiasm for the use of portosystemic shunting in children was limited due to several
concerns whose validity can now be questioned. Early reports suggested that children
less than 8 yr of age, and those with vessels for the shunt anastomosis less than 8–10 mm,
would be unsuitable candidates because of the high risk of shunt thrombosis (12,20).
Recent experience in centers skilled in pediatric vascular reconstruction has established
that a high rate of success can be achieved with minimal complications even in small
pediatric patients. To achieve these goals, we have found that the following principles
should be followed: (1) anastomosis should be constructed using fine (6.0–7.0) monofila-
ment sutures with provision for growth; (2) sufficient mobilization of vessels is neces-
sary to prevent kinking or twisting of the shunt after the viscera are returned to their normal
location; (3) postreconstructive venography should be performed to ensure division of
all collaterals and adequate shunt flow; (4) selective postoperative anticoagulation should
be performed and antiplatelet drugs administered; and (5) the surgical team should be
skilled at pediatric portal vascular reconstruction. We believe present success supports the
recommendation that successful portosystemic shunt therapy can be undertaken when-
ever clinical indications are met.

A second concern regarded the possibility of encephalopathy developing following
portosystemic shunting in children. The primary reports from Voorhees et al. suggested
a high incidence of neuropsychiatric disturbances following nonselective shunts in chil-
dren (21,22). These conclusions were derived from studies performed on a single day
in eight highly selected patients chosen from a pool of 100 patients who had undergone
portosystemic shunts or through a retrospective chart review have not been substantiated
in most clinical series. Alagille et al. conducted a detailed evaluation of portosystemic
shunts in 42 children with EHPO 18 and 24 mo following surgery (23). No evidence of
encephalopathy or loss of intellectual capacity was detected. A similar absence of enceph-
alopathy was found in Orloff’s extensive follow-up series, even though all 200 of their
patients had central nonselective shunts (12).

In general, portosystemic shunts can be classified into two groups—nonselective and
selective shunts.

Nonselective shunts are constructed to communicate with the entire portal venous sys-
tem, and, therefore, have the potential to divert blood from the normal antegrade perfusion
to the liver. Historically, the most commonly used shunt in children was the mesocaval
shunt (Clatworthy shunt), where the distal inferior vena cava (IVC) was ligated and divided,
and its proximal portion was then anastomosed to the side of the superior mesenteric vein
(SMV). This was often complicated by the development of transient lower extremity
edema, but had the advantage of using a larger sized vein for the shunt anastomosis. A
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similar nonselective shunt, the H-graft mesocaval shunt, uses a short segment of internal
jugular vein to connect the SMV or splenic vein and the IVC. This has now replaced the
mesocaval shunt, retaining the advantage of a larger vessel for the anastomosis, and
avoiding ligation of the IVC (24) (Fig. 3). Excellent patency (93%) and no episodes of
encephalopathy support its use in pediatric patients (24). The limited intraabdominal
dissection needed to complete the H-Graft mesocaval shunt contributes to its technical
ease, and if liver transplantation is needed, the shunt can be easily occluded at that time.
Other nonselective shunts have significant disadvantages in children because of the need
for splenectomy (proximal splenorenal), or dissection of the main portal vein which
compromises liver transplantation (end-to-side, side-to-side portocaval shunts).

Selective shunts are constructed to divert the “gastrosplenic” portion of the portal
venous flow into a systemic vein, most frequently the left renal vein or the immediately
adjacent IVC. Communication between the “central” mesenteric portal circulation which

Fig. 3. Interposition “H” graft mesocaval shunt—a nonselective shunt using either internal jugular
vein harvested from the patient, or PTFE vascular graft material. This shunt allows the superior
mesenteric vein to communicate with the infrarenal inferior vena cava. Reprinted with permission
(modified from) (61).
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perfuses the liver, and the gastrosplenic portal circulation, is severed by dividing the
gastroepiploic veins, the coronary vein termination at the portal vein, and the retroperi-
toneal pancreatic collaterals. The most common selective shunt, the distal splenorenal
shunt (DSRS) (Warren shunt), preserves antegrade perfusion to the liver within the mes-
enteric portion of the portal circulation, while decompressing the esophageal venous
plexus through the short gastric veins and splenic vein (Fig. 4). This theoretical “selec-
tive” advantage can unfortunately be lost over time as the high-pressure mesenteric
component progressively decompresses into the lower pressure gastrosplenic compart-
ment. Complete isolation of the pancreas from the splenic vein will decrease the fre-
quency and rapidity of this change (20,25). Despite this potential for progressive loss of
selectivity, we use this shunt as a primary option in children. When the adrenal vein is
appropriately located and dilated, it serves as an alternative anastomotic site to access
the left renal vein (26,27).

When performed in centers experienced in complex vascular reconstruction of the
portal system, as is necessary in pediatric liver transplantation, shunt patency has ranged
from 83% to 100% (12,28–30) (Table 4). When shunt patency is maintained, recurrence
of variceal bleeding is uncommon, although decompressed varices may still be identi-
fiable on endoscopy. Encephalopathy is uncommon in children following successful porto-

Fig. 4. Distal splenorenal shunt—a selective shunt allowing communication between the splenic
vein and the left renal vein. The esophagogastric venous complex communicates via the short gas-
tric veins, decompressing esophageal varicies without decreasing perfusion through the mesenteric
portal system to the liver. Reprinted with permission (61).
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systemic shunting, even in patients with intrinsic liver disease. In these children, this is
controlled with lactulose and dietary protein restriction (31).

Methods to directly reconstruct the portal circulation in patients with EPVO into the
left branch of the portal vein have been described and represent ideal solutions (32–34).
This mesentericoportal shunt (Rex shunt) reestablishes normal portal inflow into the intra-
hepatic portal vein, using either an interposition jugular venous graft or the dilated coro-
nary vein (Fig. 5). Candidates for this procedure must fulfill three conditions: the liver
parenchyma must be normal, they must not have a hypercoagulable state, and the umbil-
ical portion of the left portal vein must be accessible and patent. Attempts to identify the
intrahepatic portal vein and prove patency have been frustrating and often unsuccessful.
Because of the small diameter and low flow within these residual veins, both Doppler and
MR scanning may not clearly visualize these branches. The best assessment of patency
is through direct visualization of the left portal vein branch and the Rex recess at the time
of exploration. Rapid enlargement of these branches occurs with reestablishment of
normal portal blood flow into the left portal vein, with mean portal vein diameters increas-
ing 33% over the first year (32). The procedure is unique in that it restores hepatopetal
portal perfusion and the inflow of hepatatrophic substances to the liver. Patients with
diffuse portal vein thrombosis are not candidates for this reconstruction. Doppler ultra-
sound and direct portography would suggest, however, that approximately two-thirds of
children with EPVO have sufficient left portal vein patency to undergo this procedure.
In the reported experience (Table 5), all shunts have maintained initial patency, although

Fig. 5. Computed tomographic scan showing the development of peripancreatic collateral venous
channels connecting the mesenteric portal venous system to the decompressed esophagogastric
system in a patient with primary extrahepatic portal venous obstruction 8 yr post-op following a
distal splenorenal shunt without pancreatic isolation.
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several have required revision secondary to stenosis. Hypertensive gastropathy resolved,
and variceal bleeding did not recur. In these selected patients, this option should be con-
sidered despite the more complex technical challenge it presents.

An interesting observation from the Chicago group suggests that the coagulation
abnormalities routinely seen in their series prior to Rex shunting in patients with portal
vein thrombosis are reversible; these abnormalities are primarily represented by abnor-
mal prothrombin time, factor V, factor VIII, protein C, and protein S deficiency results
following restoration of normal portal blood flow. This suggests that portal blood flow

Fig. 6. Mesentericoportal shunt to restore portal blood flow to the left branch of the intrahepatic
portal vein. This shunt returns portal blood flow directly to the hepatic portal circulation, and is
useful only in patients with EPVO and a patent intrahepatic portal venous system. An interposition
jugular venous graft is preferred.
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assists with normalization of clotting indices, and they postulate that gut derived factors
in portal blood are responsible for this improvement (35).

 The indications for portosystemic shunting have been altered by the growing success
of endoscopic methods to control variceal bleeding, and the improvements in pediatric
liver transplantation. We now consider the following children to be candidates for porto-
systemic shunting: (1) children with documented variceal hemorrhage who have pro-
gressive or continued esophageal variceal bleeding despite endoscopic intervention, and
who have preserved hepatic synthetic function; (2) children who fail endoscopic treat-
ment and have intrinsic liver disease, but have adequate liver synthetic function to pre-
dict that liver transplantation will not be needed for several years (selective shunt only);
(3) severe portal hypertension in patients with cystic fibrosis and variceal hemorrhage
whose microbiologic flora compromise liver transplant survival (36); (4) children with
severe portal hypertension who reside a great distance from emergency medical care
endangering their survival should significant hemorrhage occur; and (5) children with
EPVO and uncontrolled hypersplenism.

TRANSJUGULAR INTRAHEPATIC PORTOSYSTEMIC SHUNT (TIPS)

The introduction of TIPS has added another therapeutic option for the physician con-
fronted with complex portal hypertension. This procedure uses interventional radiogra-
phic techniques to place an intrahepatic expandable metallic shunt between a portal vein
branch and the hepatic vein, forming a central nonselective portocaval shunt. The pro-
cedure is undertaken using access via the right internal jugular vein. The hepatic veins are
identified and a fluoroscopic/ultrasonographic-guided puncture from the hepatic vein
into an intrahepatic portion of the portal vein is undertaken. This tract is then dilated and
an expandable coaxial mesh stent is placed, forming a communication between the intra-
hepatic portal vein and the hepatic vein branch (Fig. 7). Technical difficulties in establish-
ing a safe but large enough tract for sufficient shunt flow limit the usefulness of this pro-
cedure in infants. In children with biliary atresia, the close proximity of the biliary Roux-
en-Y conduit to the portal vein and the often diminutive size of the portal vein increase

Fig. 7. Transjugular intrahepatic portosystemic shunt (TIPS) procedure. Reprinted with permission (62).



402 Ryckman et al.

the risk of stent perforation, malposition, or perforation (37). This procedure has great
benefit in the control of refractory portal hypertensive bleeding unresponsive to the
pharmacologic methods, and in patients needing temporary portal decompression prior
to liver transplantation (38–40). The ability to embolize bleeding varices from the coro-
nary vein at the time of TIPS placement assists in achieving primary control of bleeding
sites.

The two principal long-term complications of TIPS are encephalopathy and shunt occlu-
sion. Being a central nonselective shunt, this procedure can precipitate hepatic enceph-
alopathy, especially when used in patients with severe intrinsic liver disease. The overall
risk of encephalopathy ranges from 5% to 35% in adult patients, a rate similar to that seen
with side-to-side surgical shunts. Most episodes of encephalopathy can be controlled
with dietary protein restriction and lactulose administration. Selection of a shunt size to
allow sufficient portal decompression without shunting excessive amounts of blood from
the liver is also a theoretical solution. Stenosis of the shunt or shunt thrombosis remains
a major complication following TIPS. Shunt stenosis occurs in 25–75% of cases, with
shunt patency decreasing with the length of time that the shunt is in place. Intimal hyper-
plasia or incorrect shunt placement most commonly causes the stenosis. Stent transgres-
sion of the bile duct radicle at the time of shunt placement can also contribute to recurrent
shunt thrombosis. Regular monitoring for shunt patency and periodic shunt dilation or
restenting is necessary (39).

Pediatric experience with TIPS is still limited, primarily due to a lack of appropriate
candidates for the procedure. The majority of children with biliary atresia and ineffec-
tive portoenterostomy procedure develop end-stage cirrhosis within their first 2 yr of life.
These patients are poor candidates by virtue of both their size and the frequency of portal
vein abnormalities within this population. The majority of experience is in children over
5 yr of age (Table 6). Success rates appear to approximate the adult experience, with 75–
90% initial success in TIPS placement. The smaller size of the liver and its venous struc-
tures requires special skill and equipment. Shorter stent lengths and smaller diameter
stents have been constructed for pediatric applications; however, the risks of hepatic
perforation and stent malposition are greater in small patients. Postprocedural encepha-
lopathy seems to be less common in children, although limited clinical experience and
the difficulties in diagnosing subtle encephalopathy in children makes this observation
tentative. The complications of shunt stenosis are equally problematic, and patient growth
over time may cause the initial shunt to be too short, requiring revision or restenting to
maintain access to both the portal and hepatic venous circulation. These limitations and
risks make TIPS a reasonable and suitable treatment for acute unresponsive variceal
hemorrhage in children with established intrinsic liver disease, often while awaiting liver
transplantation. It is particularly helpful when used as a bridge to achieve stability by
controlling refractory hemorrhage in patients awaiting liver transplantation (40). Long-
term decompression is better achieved through surgical shunts at the present time, and
TIPS is not indicated in patients with extrahepatic portal vein occlusion.

TIPS has recently been used for adult patients with progressive or fulminant Budd–
Chiari syndrome. Access via the hepatic vein stump is possible, or direct puncture from the
IVC into the right portal vein serves as an alternative route for stent placement. Although
plagued as expected by thrombotic complications, successful decompression of portal
hypertension and prolonged survival was achieved. Similar experience in children has
not been reported (41).
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NONSHUNT PROCEDURES FOR PORTAL HYPERTENSION

The use of nonshunt surgical procedures for the management of portal hypertension
does not offer the same success as is enjoyed by shunt therapy. These operations have
included both direct variceal ligation through a transthoracic or abdominal approach, gas-
troesophageal devascularization procedures (Sugiura procedure), or, rarely, translocation
of the spleen into the thorax (42–44). In general, these procedures have been abandoned
except in cases where widespread thrombosis of the mesenteric venous vasculature makes
shunt therapy or transplantation poor alternatives.

The Sugiura procedure has been used with the most success in children (Fig. 8). This
procedure includes devascularization of the upper two-thirds of the greater and lesser
curvatures of the stomach, and ligation of the left gastroepiploic, short gastric, and left
gastric vessels. Ligation of all retrogastric collaterals, transhiatal devascularization of
the lower esophagus, esophageal transection with fundoplication, and pyloroplasty if the
vagus nerves are damaged (43). Splenectomy was advocated in the original descriptions
of this procedure as well. However, splenectomy has been associated with a greater risk
of intraoperative bleeding, need for intraoperative blood transfusions, and postoperative
portal vein thrombosis. Because of these risks and the known increased potential for post-
operative infectious complications of splenectomy, we do not routinely perform splenec-
tomy in children. Specific indications for splenectomy during nonshunt operations are
severe hypersplenism, massive splenomegaly, and splenic vein thrombosis (45). Follow-
ing extensive devascularization to achieve portal–azygos disconnection, rebleeding rates

Fig. 8. Sugiura procedure for gastroesophageal devascularization, modified for pediatric patients
to include division of the short gastric veins without splenectomy. Reprinted with permission (63).
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of 5–10% can be achieved during long-term follow-up (42). Five-year survival follow-
ing these operations has been reported to be 88% and 80% at 10 yr (43). This is a safe alter-
native for variceal control in patients with anatomy unsuitable for shunting, or when the
expertise for emergency portocaval shunt or liver transplantation is not available.

Portopulmonary shunting, induced by splenopneumopexy, is intended to produce col-
lateral circulation between the portal system and the pulmonary veins. This communica-
tion is created by amputating the superior pole of the spleen, transposing it through an
opening in the left hemidiaphragm, and exposing the raw splenic surface to the left lower
lung. Splenic artery occlusion by angiographic or direct ligation is also undertaken (46).
A parenchymatous anastomosis is induced between the splenic pulp veins and the pulmo-
nary venous structures. This uncommon procedure has been successfully used in children
with EPVO, hepatic fibrosis, intrinsic cirrhosis, and Budd–Chiari syndrome. A decrease
in splenic pulp pressure of 25% has been reported in most cases where this was recorded.
Indications for this procedure are limited to the treatment of children with widespread
occlusion of the portal vein and its radicals (44,46,47).

LIVER TRANSPLANTATION

The progressive improvement in both the operative techniques and the immunosup-
pression management of children who have undergone liver transplant have led to 1-yr
survival rates approaching 90% in many centers, with 5-yr survival rates of 85% (48–53).
Regardless of the primary etiology of portal hypertension, liver transplantation success-
fully reverses the portal flow obstruction and allows the resolution of hypersplenism and
hypertensive portal gastropathy. The introduction of innovative surgical procedures to
allow transplantation of liver segments and reduced-size grafts has improved and increased
donor availability and donor access for children of all ages (53,54). However, the use of
primary transplantation as a treatment modality for portal hypertension is limited by the
availability of suitable donor organs and the long-term risks of immunosuppression, oppor-
tunistic infections, and lymphoproliferative disease. When children have progressive in-
trinsic hepatic disease, the course of their progression and the amount of hepatic functional
reserve should determine the use of primary transplantation compared to temporizing
treatments such as sclerotherapy or surgical shunts. At present, primary transplantation
is recommended for children who have significant portal hypertensive complications such
as bleeding, hypersplenism, or hepatopulmonary syndrome, and those who have progres-
sive hepatic synthetic failure. Children with intrinsic liver disease but preserved hepatic
synthetic function, who may not require transplantation for several years, will achieve ex-
cellent palliation with selective DSRS. TIPS is reserved for patients who have unrespon-
sive variceal bleeding as a therapeutic bridge to transplantation, allowing them to achieve
suitable stability while awaiting transplant donor organ availability.

PULMONARY SYNDROMES
ASSOCIATED WITH PORTAL HYPERTENSION

Hepatopulmonary syndrome (HPS), a syndrome associated with hepatic dysfunction,
hypoxemia, and pulmonary vascular dilatations, characteristically occurs in children with
long-standing liver disease and portal hypertension. This constellation of symptoms is
thought to be secondary to the effects of vasoactive substances, normally inactivated in
the liver, on the pulmonary vasculature. Although this syndrome is usually seen in patients
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with portal hypertension and spontaneous portosystemic communications, it has been
reported following surgical portosystemic shunting as well (55,56). Progressive hypox-
emia, which is exacerbated by the horizontal position (orthodeoxia and platypnea), is
commonly seen on evaluation. Hypoxemia does not correct with 100% oxygen ventilation,
confirming the presence of intrapulmonary shunts contributing to the alveolar perfusion
abnormalities. Abnormal extrapulmonary (brain) uptake of (99m)Tc macroaggregated albu-
min (MAA) after lung perfusion scanning, or the presence of early microbubble perfusion
on echocardiography are diagnostic and predictive of morbidity with general anesthesia
or liver transplant (57). Present experience suggests that these abnormalities are revers-
ible following successful liver transplantation (55,57).

Pulmonary hypertension has been associated with severe liver disease and portal hyper-
tension in 1–2% of patients. In the presence of spontaneous or surgically created porto-
systemic communication, pulmonary vasoconstrictive substances can pass directly into
the systemic circulation, bypassing hepatic metabolism. Possible agents include hista-
mine, serotonin, purine, pyrimidine, neuropeptide Y, and thromboxanes (58). Symptoms
of dyspnea, exercise intolerance, and palpitation occur; however, many patients remain
asymptomatic until late in the course of their disease. Initial treatment with oxygen and
vasodilators is occasionally helpful. The pathologic lesion, plexogenic pulmonary arteri-
opathy, results in increased smooth muscle, increased thickness of the media, concentric
luminal fibrosis, and eventually fibrinoid necrosis. Case reports suggest that liver trans-
plantation may assist in reversal, provided diagnosis, and transplantation are undertaken
at the early stages of pathologic evolution (58,59). In later stages, resolution can not be
anticipated.

SUMMARY

Therapeutic options for children with portal hypertension now include a broad range
of pharmacologic, endoscopic, and surgical procedures. Thoughtful application of all of
these options can improve quality of life by decreasing the complications of portal hyper-
tension, and decrease mortality by preventing the consequences of variceal hemorrhage.
The development of portal hypertensive gastropathy following palliative procedures such
as endoscopic sclerotherapy and band ligation may limit their long-term success in chil-
dren. The excellent results now obtained with selective portosystemic shunts and liver
transplantation assure that definitive surgical treatments will continue to be a critical com-
ponent in the treatment of children with portal hypertensive complications or progres-
sive liver disease. Evolving procedures, such as TIPS, represent excellent short-term life
preserving techniques to stabilize critical patients while awaiting liver transplantation.
Their role in the future long-term management of children is yet to be defined.
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INTRODUCTION

Noncirrhotic portal hypertension (NCPH) encompasses a group of diseases of varied
etiology. The characteristic features of this group are increase in portal pressure caused
by prehepatic or intrahepatic causes, with absence of liver cirrhosis, as well as of hepatic
venous outflow obstruction. The wedged hepatic venous pressure is normal or only mildly
elevated. Table 1 lists the common causes of NCPH. The most commonly encountered
diseases in this group are noncirrhotic portal fibrosis (NCPF) [alternatively called idio-
pathic portal hypertension (IPH)] and extrahepatic portal vein obstruction (EHPVO).
Together, these two entities constitute 20–30% of total cases of portal hypertension (PHT)
in developing countries like India (1–3). In the following discussion, we will describe
these two conditions in detail. Other prominent causes of NCPH like schisosamiasis,
Nodular regenerative hyperplasia, and Partial nodular transformation will be described
briefly.

The underlying lesion in both NCPF and EHPVO is considered to be vascular in origin.
Although the precise etiopathogenesis of the two conditions is not clear, a common path-
way with different outcomes has been previously proposed (Fig. 1) (1). In a genetically
predisposed individual, an infection or a prothrombotic event could precipitate throm-
bosis in portal vein or its radicals. If it is a major thrombotic event occurring early in life,
the main portal vein is occluded leading to EHPVO. If there are repeated microthrombotic
events, the small or medium sized venous channels are affected leading to development
of NCPF.
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NONCIRRHOTIC PORTAL FIBROSIS (NCFP)

Nomenclature
The first reports of a condition which may now be thought to represent NCPF were

published in late 19th century by Banti (4). He described a condition characterized by
anemia, congestive splenomegaly with or without gastrointestinal bleed. This clinico-
pathologic entity as a cause of portal hypertension was initially recognized in India in
the mid-20th century (5). In 1965, Mikkelsen et al. described 36 patients with PHT with-
out cirrhosis, who had phlebosclerosis of intra- and extrahepatic portal veins and termed
this condition hepatoportal sclerosis (6). Boyer et al. initially used the term idiopathic
portal hypertension (IPH) for this condition (7). In 1969, a workshop organized by the
Indian Council of Medical Research reviewed all available information on this condition
and renamed this distinct entity as noncirrhotic portal fibrosis (NCPF) (8). In other parts

Table 1
Common Causes of Noncirrhotic Portal Hypertension

Extra hepatic portal venous obstruction (EHPVO)
Noncirrhotic portal fibrosis (NCPF) or idiopathic portal hypertension (IPH)
Nodular regenerative hyperplasia
Partial nodular transformation
Congenital hepatic fibrosis
Schistosomiasis
Peliosis hepatitis

Fig. 1. A proposed hypothesis for the pathogenesis of noncirrhotic portal fibrosis (NCPF) and extra-
hepatic portal vein obstruction (EHPVO).



Chapter 25 / NCPH 413

of the world, including Japan, a somewhat similar entity is termed as IPH (9,10). It is
not very clear whether NCPF and IPH are the same disorders described in different
populations.

Etiopathogenesis
The pathogenesis of NCPF is not clearly understood. Several hypotheses have been pro-

posed, which may be contributory in variable degree to the genesis of the disease.

INFECTIVE HYPOTHESIS

NCPF is more commonly seen in patients from low socioeconomic strata. Subjects
in this stratum receive poor antenatal and perinatal care and have a high incidence of
umbilical sepsis, bacterial infections, and diarrheal episodes in infancy and early child-
hood. Such repetitive insults result in portal pyemia and may lead to small vessel pylephle-
bitis, resulting in thrombosis, sclerosis, and obstruction of these venous channels. Repeated
intraportal injection of killed Escherichia coli produce histological lesions similar to
those seen in NCPF/IPH in rabbits and dogs (11–13).

EXPOSURE TO TRACE METALS AND CHEMICALS

Chronic ingestion of arsenic has been incriminated in the causation of NCPF (14).
Liver biopsy in these patients reveals periportal fibrosis, incomplete septal cirrhosis with
or without development of neovascularization within the expanded portal zones, find-
ings similar to those in NCPF. Administration of Fowler’s solution, which is rich in arse-
nic, was reported in 8 of 47 patients admitted with NCPH in one of the studies (15).

The histological picture similar to NCPF has been observed following chronic expo-
sure to vinyl chloride monomers, copper sulfate (vineyard sprayers), protected treat-
ment with methotrexate, hypervitaminosis A, and in renal allograft recipients receiving
treatment with 6-mercaptopurine, azathioprine, and corticorteroids (1,16,17).

IMMUNOLOGIC HYPOTHESIS

Immunologic activity directed against small venous radicals has also been investigated.
In a study from Japan, endothelial cells of the smaller venous radicals more frequently
expressed HLA-DR antigen in IPH than in chronic active hepatitis, cirrhosis, and normal
liver (18). In another study from our center, the high frequency of HLA-DR3 was found
in subjects with NCPF (19). These data raise the possibility that the smaller venous radi-
cles in the small- and medium-sized portal tracts are targets of immunologic attack in
idiopathic portal hypertension.

Other evidence supporting an immunologic hypothesis is (a) reduction in the suppres-
sor/cytotoxic T lymphocytes in NCPF patients; (b) reduced T4:T8 ratio (20); (c) poor auto-
logous mixed lymphocyte reaction (MLR) (21); (d) frequent association of IPH (Japan)
with autoimmune disorders (22,23).

Pathology
In NCPF, liver size may be normal to enlarged. The surface is smooth but it may be

nodular in 10–15% of the cases (26). This variant assumes special significance as these
patients have deranged liver function tests (LFTs) in contrast with most of the patients
with NCPF (26). The portal vein and its branches are prominent and have sclerosed
walls. Autopsy series show thrombosis in the medium and small (diameter < 300 mcm)
portal vein branches (21,22).
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Histology of NCPF has been aptly described as obliterative portovenopathy of liver
(24). There is marked but patchy and segmental subendothelial thickening of the large-
and medium-sized branches of the portal vein. Table 2 describes the histologic findings
described in NCPF/IPH (25). The intimal thickening of intrahepatic portal venous chan-
nels, associated with obliteration of small portal venules and emergence of new aberrant
vessels is characteristic feature of NCPF. Subgroup of patients with nodular transforma-
tion have extensive subhepatic and portal fibrosis (26). Rarely, progression of NCPF/
IPH to incomplete septal cirrhosis (ISC) has been reported. ISC, characterized by slen-
der incomplete fibrous septae from inconspicuous nodules, may represent a late mani-
festation of NCPF (27–29).

Hemodynamics
The intrasplenic and portal vein pressures are markedly elevated in patients with NCPF.

The wedged hepatic venous pressure (WHVP) may be normal or slightly elevated in about
half the patients. Two sites of obstruction (Fig. 2) have been identified; a pressure gradient
between the spleen (intrasplenic pressure, ISP) and the liver (intrahepatic pressure, IHP),
and between the liver and WHVP (IHP–WHVP) (Fig. 3) (30,31). Intravariceal pressure
in NCPF has been found to be comparable to that in cirrhotic PHT (30–32).

Clinical Features
NCPF is a disease of young patients affecting them in the third and fourth decade of

life. It is more commonly seen people of lower socioeconomic background. Most of the
studies from India show a slight male preponderance (30,33,34). However, one center
from north India has consistently reported a female preponderance (35,36), as is seen in
IPH reported from Japan. Patients present with one or more episodes of gastrointestinal
hemorrhage, mass in the left upper quadrant (splenomegaly) and consequences of hyper-
splenism (Table 3) (37). Of all the causes of PHT, massive splenomegaly is most com-

Table 2
Liver Histology in IPH

Parameter Frequency

Dense portal fibrosis and portal venous obliteration
Mild 48
Moderate to severe 52

Portal Inflammation 47
Irregular intimal thickening of portal veins 75–100*
Organizing thrombhic and/or recanalization of portal veins 20–100*
Nodular hyperplasia of parenchyma 40
Abnormal blood vessels in lobules 75
Intra lobular fibrous septa 95
Subcapsular atrophy 70
Periductal fibrosis of interlobular bile ducts 50

Modified from Nakanuma et al. (25) based on study of 66 patients with IPH.
*100% abnormalities were in autopsy specimens.
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Fig. 2. The patho-anatomical sites of resistance to portal blood flow in patients with noncirrhotic
portal fibrosis (NCPF), the presinusoidal and perisinusoidal, caused by thickening and obstruction
to the medium and small branches of portal veins and the collagenization of the Space of Disse,
respectively.

monly seen in NCPF. Like cirrhosis, NCPF may have atypical presentation like glomeru-
lonephritis (38) or hypoxemia (39).

NCPF patients generally have preserved liver function tests, including semiquanti-
tative tests of liver function such as monoethylglycinexylidide (MEGX) extraction (40).
However, the nodular variant of NCPF, which constitutes nearly 10% of these patients,
may present with jaundice, mild ascites, and low albumin (26). Anemia is a common find-
ing in a majority of these patients, usually microcytic, hypochronic (due to gastrointes-
tinal blood loss). Patients may have evidence of hypersplenism in the form of normocytic,
normochromic anemia, leukopenia (<4,000/mm3) and thrombocytopenia (<50,000/mm3).
Asymptomatic hypersplenism is quite common in NCPF, in contrast, symptomatic dis-
ease is very rare (41). Coagulation and platelet function abnormailites have been observed
in NCPF patients (Table 4) (42,43). Autonomic dysfunction has been increasingly observed
in cirrhosis. We have recently observed these anomalies in NCPF patients as well (44).

Diagnosis
The diagnostic criteria for NCPF are (1) splenomegaly; (2) normal or near normal

liver function tests; (3) varices on UGI endoscopy (seen in 85–95% cases); (4) patent
portal and hepatic veins; (5) normal or mildly elevated WHVP; and (6) no evidence of
cirrhosis on liver biopsy. A doppler ultrasound abdomen would show typically dilated
portal vein (Fig. 4) with massively increased spleen size and presence of splenorenal and
other shunts (Fig. 5), as well as a dilated paraumbilical vein. Raised portal venous pres-
sure can only be measured direct catheterization of portal vein, which can only be achieved
by percutaneous transhepatic route. The other way is to measure indirectly by splenic
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Fig. 3. Hemodynamics of noncirrhotic portal fibrosis, a comparison to cirrhosis of the liver. (a)
Correlation of wedged hepatic venous pressure (WHVP) with intrahepatic pressure; (b) Correlation
of WHVP with intrasplenic pressure; (c) Correlation of WHVP with intravariceal pressure; (d) Intra-
splenic pressure and intravariceal pressure. The latter correlates well with the intrasplenic pressure
and is, therefore, recommended as the single hemodynamic measurement for patients with NCPF.

Table 3
Profile of NCPF and EHPVO Patients: G.B. Pant Hospital Experience

NCPF EHPVO
Parameter (n = 207) (n = 236)

Mean age, years 30.7 13.9
Male:Female 117:90 168:68
Hemetemesis/melena (%) 84.5 94.5
Mass in LUQ (%) 13.5 3.5
Ascites (transient) (%) 10 12.7
Jaundice (%) — 12.7
Liver functions tests Near normal Near normal
Esophageal varices (%) 92 94
Gastric varices (%) 22.3 40.7
Portal gastropathy

Presclerotherapy (%) 1.6 0.5
Postsclerotherapy (%) 17 15

Portal biliopathy (%) 40 90
Portal colopathy (%) 40 44
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puncture for splenic pulp pressure or hepatic puncture for hepatic pressure. A liver biopsy
reveals absence of cirrhosis with other findings detailed previously.

Treatment and Prognosis
As the liver function is relatively well preserved, the major cause of death is variceal

bleeding. Accordingly, the management of NCPF revolves around control of bleeding.
For acutely bleeding patients, endoscopic variceal ligation (EVL) and endoscopic scle-
rotherapy (EST) are equally efficacious (95% success in control of acute bleed) (45).

Table 4
Coagulation and Platelet function in Noncirrhotic Portal Hypertension

Parameter NCPF EHPVO
(Normal Range) (n = 18) (n = 18)

International Normalized Ratio (INR) 1.8 ± 0.68 1.7 ± 0.4*
Partial thromboplastin time (28–31 s) 29 ± 4.2 30 ± 4.2*
Fibrinogen (250–350 mg%) 196 ± 57** 199 ± 61**
Fibrinogen degradation products (<8 µg/mL) <8 >8**
Platelet aggregation (40–60%) 33 ± 16.5 22 ± 11.3**
Platelet malondialdehyde (MDA) (6–12 nmol/mL) 9.0 ± 3.6 9.6 ± 3.8

*p < 0.05 w.r.t. controls.
**p < 0.001 w.r.t. controls.

Fig. 4. Ultrasound showing thrombus in the left branch of portal vein in a patient with noncirrhotic
portal fibrosis.
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Emergency shunt surgery is required in less than 5% of cases. The modes of prevention
of rebleed in these patients are β-blockers and variceal obliteration by EVL. There are
anecdotal case reports of response to propranolol in NCPH patients. The only controlled
trial of β-blockers in NCPH patients is in patients of schistosomiasis (46). In a recently
concluded trial from our center (Digestive Disease and Sciences, accepted), the rate of
rebleed in NCPH patients was significantly lower on EVL as compared to propranolol and
ISMN combination. Primary prophylaxis variceal bleeding in NCPH patients is desira-
ble, as >95% of them have variceal hemorrhage sometime in the course of their disease.
Again, the options are β-blockers and variceal obliteration. In our recently reported expe-
rience of primary prophylaxis using β blocker or EVL, both the modalities were found
to be comparable and efficacious even in noncirrhotic patients (47). Some surgeons,
especially from Japan, prefer a prophylactic decompressive surgery for portal decom-
pression in these patients. The risk of operative mortality is very low as liver function
is well preserved. However, there are no controlled trials comparing between repeated
EVL and prophylactic surgery as the primary management of these patients.

The other complication that needs intervention in NCPH patients is hypersplenism.
The usual treatment offered to these patients is splenectomy with possibly a proximal
splenorenal shunt. The other options like partial splenic artery embolization have not
been systematically studied in these patients.

Fig. 5. Magnetic resonance angiography of the abdomen showing a large spontaneous shunt in a
patient with noncirrhotic portal fibrosis.
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The prognosis of these patients is excellent. The mortality from acute bleed in NCPH
is significantly lower than that observed in cirrhotic patients. After successful eradica-
tion of esohagogastric varices, a 2- and 5-yr survival of 100% has been observed in these
patients.

EXTRAHEPATIC PORTAL VEIN OBSTRUCTION (EHPVO)

Definition
EHPVO, a common cause of major upper gastrointestinal bleeding in children, is

defined as obstruction in the portal vein, usually caused by a thrombus. The entire length
of the portal vein is usually occluded with extension into the splenic vein and sometimes
into the upper portion of the superior mesenteric vein. In a small proportion, only the
terminus of the portal vein at the hepatic hilum is occluded (48). The most common site
of a block is at the portal vein formation (90%), and total block of the splenoportal axis
is seen in only 10% (49). Isolated thrombosis of splenic vein without portal vein involve-
ment is not included in this disease. Portal vein thrombosis (PVT) commonly occurs as
a complication in cirrhotics, but is usually asymptomatic and is not included in the defi-
nition of EHPVO.

Etiology and Pathogenesis
The etiopathogenesis of occlusion of the portal vein is obscure in approx 50% of

patients (50–53). The known causes of portal vein obstruction can be divided into three
main categories: Patients with underlying cirrhosis or hepatocellular carcinoma deserve
special mention.

CONDITIONS THAT LEAD TO PORTAL VEIN INJURY

These conditions directly lead to portal vein injury and subsequent obstruction. These
include omphalitis, umbilical vein catheterization, neonatal peritonitis, abdominal trauma,
iatrogenic operative trauma to the portal vein, and cysts and tumors encroaching upon the
portal vein within the porta hepatis. The most common neonatal and childhood causes
of EHPVO are omphalitis and intraabdominal sepsis (50–52,54). Although, several inves-
tigators believe that umbilical vein cannulation and umbilical sepsis are responsible for
PVT (50,55), others disagree (56,57).

DEVELOPMENTAL ANOMALIES

Rare anomalies such as portal vein stenosis, portal vein atresia, or agenesis constitute
this category. Obstruction can occur anywhere along the line of left and right vitelline veins
from which the portal vein develops. The hypothesis of the congenital origin of EHPVO
is supported by the presence of other congenital defects, usually of the cardiovascular
system (50,58,59).

FACTORS INDIRECTLY ASSOCIATED WITH PORTAL VEIN THROMBOSIS

This subgroup includes conditions such as neonatal systemic sepsis from nonintraab-
dominal sources, dehydration, multiple exchange transfusions, and hypercoagulable
states. The latter includes myeloproliferative disorders such as polycythemia vera, inher-
ited deficiencies of natural anticoagulants such as antithrombin III, protein C and pro-
tein S, activated protein C resistance (APCR), and prothrombin gene (G20210A) mutation.
Underlying prothrombotic states have been conclusively shown to predispose to EHPVO
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(Table 5) (60–67). The prothrombotic mutations create an inherited predisposition for
PVT, and overt thrombosis develops once a thrombotic stimulus such as infection, use
of oral contraceptives, pregnancy, abdominal surgery, or myeloproliferative disease is
superimposed.

CIRRHOSIS AND OTHER CAUSES

In adults, cirrhosis has long been considered a major cause of PVT. Cirrhosis has been
present in 24–32% of patients with PVT (73). The reported incidence of PVT in cirrhotic
patients varies widely from 0.6% to 17%. The pathogenesis of PVT in patients with
cirrhosis is uncertain, although it has been suggested that decreased portal blood flow
and the presence of periportal lymphangitis and fibrosis in these patients promotes the
formation of thrombus. The other principal cause of PVT in adults is neoplastic disease.
Pancreatic cancer and hepatocellular carcinoma constitute majority of these cases. PVT
may occur as a consequence of direct invasion of the portal vein by tumor, extrinsic com-
pression, or periportal fibrosis following surgery or radiotherapy. A hypercoagulable
state secondary to malignancy may further predispose these patients to develop PVT.
Infection is also an important cause of PVT in adults, although much less common than
in children. In adults, the reported etiologies include intraabdominal sepsis, biliary tract
disease, pylephlebitis, subacute bacterial endocarditis, postoperative infection and abdom-
inal wound infections (68). Intraabdominal inflammatory diseases also may precipitate
PVT in the absence of infection. Pancreatitis is the most common inflammatory disease,
others include cholecystitis, alcoholic hepatitis, and appendicitis.

Pathology
Liver pathology is not very characteristic. Macroscopic appearance varies from nor-

mal to finely granular surface. The architectural pattern is preserved, concentric conden-
sation of reticulin fibers around portal tracts is seen, which could form septae extending
into the parenchyma (69). Such periportal fibrosis could arise from an extension of the

Table 5
Frequency of Hypercoagulable States in Patients with Extrahepatic Portal Vein Obstruction

Valla Denninger  Sexias Mahmoud Chaomouard Egesel Jansen
et al. et al.  et al. et al. et al. et al. et al.

Characteristics (1988) (1997)  (1997) (1997) (2000) (2000) (2000)

Number of patients 33 46 20 32 10 23 92
Factor V leiden NE 9 0 3 10 30 8

mutation
Prothrombin gene NE NA NE NE 40 NE 3

mutation
Protein C deficiency NE NA NE NE NE 26 7
Protein S deficiency NE NA NE NE NE 43 2
Antithrombin III NE NA NE NE NE 26 1

deficiency
Myeloproliferative 12 24 NE NE NE NE 17

disorders
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extrahepatic thrombophlebitic process into the intrahepatic radicals of the portal vein or
chemical irritation as a result of hepatocellular breakdown products or bile imbibition.

The characteristic abnormality in patients with EHPVO is cavernomatous transform-
ation of the portal vein. The portal vein is made up of a cluster of different-sized vessels
arranged haphazardly within a connective tissue support, and the original portal vein is not
identifiable. Phlebothrombosis of intrahepatic portal vein branches, although much less
common than in NCPF, is a common pathogenic denominator in NCPF and EHPVO (70).

Hemodynamics
The level of block in EHPVO patients is presinusoidal and most likely prehepatic.

Wedged hepatic venous pressure is normal and intrasplenic pressure is significantly ele-
vated (71). Intravariceal pressure closely represents the portal and intrasplenic pressure.
The hepatic blood flow is normal or decreased (69,71). Portoportal collateral vessels by-
passing the obstructed area and hepatic artery buffer response contribute to the hepatic
blood flow in these patients. Systemic vascular resistance is significantly lower, and car-
diac output is significantly higher in patients with EHPVO, indicating a hyperkinetic cir-
culatory state (71). It is suggested that extensive portal–systemic venous collateral circu-
lation may be responsible for this state. Cardiovascular autonomic reflexes have been
shown to be impaired in EHPVO patients (44,72). The role of autonomic nervous dysfunc-
tion in the pathogenesis of characteristic hemodynamic disturbances of portal hyperten-
sion is controversial.

Clinical Features
Patients with EHPVO may present from 6 wk to adulthood, with varied manifesta-

tions. The precipitating condition influences the clinical presentation of PVT. The most
common presentation is of a child with well-tolerated variceal bleeding and splenomeg-
aly. Cirrhotic patients with PVT also tend to experience variceal hemorrhage, but toler-
ate the bleed poorly with deterioration of liver function, intractable ascites, encephalopathy,
and even death. On the other hand, patients with underlying malignant disease are less
likely to survive long enough to develop the complication of variceal bleed as a result
of PVT. Finally, in a subset of patients, clinical features of acute PVT develop such as
progressive ascites, abdominal pain, and intestinal ischemia.

The common presentations in infancy are variceal bleeding, ascites, and growth failure.
Later in childhood and early adult life, variceal bleeding, growth retardation, and hyper-
splenism are the main presenting clinical problems. Persistent anemia, abdominal pain,
and thrombocytopenia caused by splenomegaly are common. Sometimes, incidentally
detected splenomegaly may be the only manifestation. Rare problems seen in adults with
PVT include venous infarction of the intestines, massive hemobilia, and pulmonary emboli.
Ascites, which is high gradient, is usually transient, following hemorrhage or surgery. Ten
to fifteen percent of EHPVO patients develop ascites sometime during the course of the
disease (50,74). EHPVO patients very often develop significant growth retardation. It
has been attributed to reduced portal blood supply to the liver and deprivation of hepato-
trophic hormones regulating liver growth and function (75). Resistance to the action of
growth hormone is also suggested as a possible cause (76).

Jaundice may rarely be a presenting feature of portal vein occlusion and is most often
caused by portal biliopathy. Portal biliopathy, which refers to abnormalities of the extrahep-
atic and intrahepatic bile ducts and gallbladder wall in patients with portal hypertension,
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is seen in 80–100% of patients with EHPVO (Fig. 6) (77–81). The biliary abnormalities
may be explained either by compression of bile ducts by prominent paracholedochal and
epicholedochal collateral vessels (indentations and wall irregularities) or ischemic injury
of the bile ducts as a result of thrombosis of veins draining the bile duct (stricture for-
mation). Although biliary abnormalities have been reported in 80–100% of cases, only a
few patients present with jaundice or pain. Symptomatic patients are usually adults, indi-
cating that portal biliopathy develops in patients with long-standing disease. The presence
of increased alkaline phosphatase (usually two to five times the upper limit of normal

Fig. 6. ERCP showing portal biliopathic changes with common bile duct stones (arrowhead) and
left hepatic duct stricture (open arrow).
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for age) could help in the selection of patients for workup for portal biliopathy. Gallblad-
der varices (Fig. 7) were observed in 34% of patients, and they appear as tortuous, dilated
vessels in or around the wall of the gallbladder or in the bed of the gallbladder fossa.
These varices do not alter gallbladder contractility (82).

Abnormalities in prothrombin time, partial thromboplastin time, and platelet func-
tion have been reported in a few studies (83–85). It may result from mild compensated
disseminated intravascular coagulation secondary to portosystemic shunting. Splenom-
egaly is the second most common initial manifestation of EHPVO and eventually devel-
ops in almost all patients. Mild hypersplenism as manifested by thrombocytopenia and
leukopenia, is seen in 40–80% of patients and raises the issue of splenectomy, even prior
to variceal bleeding. Humoral immunity is normal in patients with EHPVO whereas it is
grossly abnormal in cirrhotics. Cell-mediated immunity shows qualitatively similar defects
in patients with EHPVO and chronic liver disease (86–88). The defects in cell-mediated
immunity result in part from sequestration of T cells by the spleen and partly from the pres-
ence in serum of factors that influence the kinetics of lymphocyte response.

Esophageal varices are seen in 90–95% and gastric varices in about 35–40% of patients
with EHPVO. The frequency of isolated gastric varices is about 6%. The frequency of
portal hypertensive gastropathy (PHG) is low in EHPVO patients as compared to cir-
rhotics. Bleeding is rarely seen as a result of PHG. Anorectal varices are significantly more
frequent in patients with EHPVO than in patients with cirrhosis and NCPF. They are

Fig. 7. Ultrasonogram showing gallbladder varices (arrow).
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observed in 80–90% of cases. They rarely bleed (incidence 0.5–10%), but when bleed-
ing does occur, it usually is massive and life threatening.

Diagnosis
As described previously, liver function tests are generally normal in young patients

with EHPVO. However, in patients with long-standing disease, synthetic dysfunction in
the form of deranged prothrombin time and reduction in serum albumin level has been
observed. The gold standard for diagnosis of EHPVO is Doppler ultrasound examination
of the upper abdomen. A fresh thrombus within the portal vein can be identified as an echo-
genic material within the lumen. Cavernous transformation of the portal vein (Fig. 8)
produces a distinctive tangle of tortuous vessels in the porta hepatis.

Splenoportography (Fig. 9) or arterial portography provides good images of the portal
venous system to permit identification of the site of obstruction, extent of obstruction,
location and extent of collateral circulation, but are rarely performed these days. Doppler
ultrasonography has largely replaced these investigations. The other techniques include
computed tomographic (CT) arterial portography, CT percutaneous transsplenic portog-
raphy, iv CT portography, magnetic resonance (MR) studies, and MR angiography of
the upper abdomen. These investigations (MR angiography, CT portogram, or angiog-
raphy) are performed only if Doppler is of suboptimal quality.

Fig. 8. Ultrasonogram showing portal cavernoma (arrowhead).
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Treatment
The management of variceal bleeding and hypersplenism is similar to that detailed in

NCPF. A few issues especially important in the management of EHPVO patients are por-
tal biliopathy and growth retardation. Another aspect, which has recently gained impor-
tance, is anticoagulation for recent portal vein thrombosis.

Endoscopic therapy is the first line of treatment for variceal bleeding, failing which
surgical shunt is required. EST and EVL are effective in the control of acute esophageal
variceal bleeding in 90–95% of patients. Most of the acute bleeds can be controlled by
endoscopic means alone. Secondary prophylaxis is possible with either β-blockers or
EVL/EST. Endoscopic methods also achieve variceal obliteration in 80–90% of patients
(89–93). The beneficial effect of β-blockers on gastrointestinal bleeding in EHPVO
patients has not been tested conclusively in clinical trials. The question of primary pro-
phylaxis of variceal bleeding in EHPVO patients is yet unanswered, but is logically desir-
able, as 90–95% of these patients have variceal hemorrhage in their lifetime. In addition
to endoscopic variceal obliteration, β-blockers are also an option for that. We have recently
reported that both the modalities are equally efficacious in EHPVO patients, although
the number of patients was small (47). However, endoscopic therapy, especially EST,
carries a risk of extension of the thrombus into the splenic or mesenteric vein because of
flow of the sclerosant into the collateral vessels. Furthermore, variceal obliteration alone

Fig. 9. Splenoportogram showing cavernomatous transformation of the portal vein (white arrow).
S, splenic vein; I, inferior mesenteric vein.
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without alleviation of portal hypertension cannot ameliorate anorectal varices and ectopic
varices, promote normal growth, or prevent the development of portal biliopathy.

Surgery is primarily indicated in patients with variceal bleeding who fail to respond
to endoscopic management. Also, patients with ectopic variceal and/or portal hyperten-
sive gastropathy bleeding or portal biliopathy may require surgery. Emergency surgery
for control of acute bleeding is usually a devascularisation procedure. Elective surgical
procedure is a portosystemic shunt, which may be selective or total. The main problems
with a shunt are a high rebleeding rate after surgery, mortality, and a risk of hepatic enceph-
alopathy. Recent surgical series have shown a rebleeding rate of 2–11%, with mortality
rates of 0–2% (95–97). Shunts (except mesocaval) cannot be performed in patients who
have extensive thrombosis of the whole splenoportal axis. Moreover, a theoretical risk
of ongoing thrombosis is there, especially in patients with prothrombotic states. Hyper-
splenism is rarely severe enough to require specific treatment. Only patients with sponta-
neous ecchymosis or bleeding/severe anemia requiring blood transfusions merit treat-
ment for hypersplenism. Selective, as well as total, shunts result in a reduction in the spleen
volume and an increase in the platelet count postoperatively. Other therapies like partial
splenic embolization and teletherapy (splenic irradiation with cobalt 60) has not been
evaluated in EHPVO patients with hypersplenism.

Symptomatic portal biliopathy is a definite indication for intervention as if obstruction
remains unrelieved, there is a risk of secondary biliary cirrhosis. Portosystemic shunting
with/without hepaticojejunostomy is required as a definitive procedure (98). The role of
surgery in overcoming growth retardation remains to be confirmed, but a few studies have
shown increase in growth velocity in EHPVO patients after a portosystemic shunt.

ANTICOAGULATION IN PVT

Once the role of prothrombotic disorders was recognized in the pathogenesis of PVT,
it led to the suggestion that long-term anticoagulation might prevent both extension of
thrombosis in the splanchnic veins and thrombosis in other deep veins. The most con-
vincing evidence in favor of anticoagulation in cases of PVT in noncirrhotic population
arises from a study by Condat et al. (99). They showed that anticoagulant therapy in these
patients did not increase the risk or the severity of bleeding, whereas underlying prothrom-
botic state and absence of anticoagulant therapy were independent predictors for throm-
bosis. Although the results are preliminary and unconfirmed by further studies, they raise
a possibility of anticoagulation in these patients. The same group also has reported recanal-
ization of recent PVT (101). There are a few anecdotal reports of anticoagulation in cirrho-
tics with PVT (100), but already deranged liver functions and high risk of subsequent
bleed preclude its routine use in cirrhotic patients. Acute PVT can be treated by throm-
bolysis (102), by removal of the thrombus through the transjugular route (103). Patients
with signs of intestinal infarction require laparotomy with excision of any necrotic bowel.

NODULAR REGENERATIVE HYPERPLASIA (NRH)
AND PARTIAL NODULAR TRANSFORMATION

Both nodular regenerative hyperplasia (NRH) and partial nodular transformation are
rare disorders of poorly understood etiologies. Among series with noncirrhotic portal
hypertension, NRH was responsible for 27% of the patients in Europe (104) and 14% in
Japan (25). Although NRH has been found in 0.7–2.6% of all autopsies (105,110), only
a minority of the patients have evidence of portal hypertension. The most frequent pres-
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entation is with variceal bleeding and/or symptoms of hypersplenism. Few patients may
have ascites. In NRH, 1–2 mm nodules of regenerating hepatocytes are seen diffusely
scttered in the liver, compressing the intervening parenchyma and, hence, causing portal
hypertension. These nodules do not have surrounding fibrous septae. Reticulin staining
shows micronodularity with maintained acinar structure and shows atrophy in the center
of the liver with crowding caused by regenerative activity at the periphery (104). NRH
seems to be vascular in origin, the characteristic feature being the presence of obliterative
lesions in small portal veins (105,106). Patients with partial nodular transformation have
large regenerative nodules near the hepatic hilum. A new classification of nodular trans-
formation is proposed that encompasses the spectrum of lesions described previously as
focal nodular hyperplasia and partial nodular transformation. The major conclusion is that
NRH is a secondary and nonspecific tissue adaptation to heterogeneous distribution of
blood flow and does not represent a specific entity (107).

Treatment is mainly directed at portal hypertension and the usual measures including
endoscopic treatment, β-blockers, surgical shunt, and TIPS provide satisfactory results.
Portocaval shunting can be done but this can lead to severe encephalopathy requiring
shunt closure and even hepatic failure necessitating liver transplantation (108). The prog-
nosis of these patients is generally good if variceal obliteration can be achieved. However,
progressive course with hepatic decompensation leading to OLT has been described (109).

CONGENITAL HEPATIC FIBROSIS (CHF)

CHF, an autosomal reccesive disease, presents in late childhood with hepatomegaly,
portal hypertension in the form of variceal bleeding, and normal liver function tests. The
liver is enlarged and firm, with a fine reticular pattern of portal fibrosis. It is characterized
by diffuse periportal fibrosis of varied thickness. There are numerous ectatic bile ducts
in an interrupted circular arrangement (ductal plate malformation). Portal hypertension is
caused by presinusoidal obstruction. As LFTs are normal, variceal bleds are well tolerated.
Congenital hepatic fibrosis may be associated with Caroli’s disease, adult polycystic kid-
ney disease, and choledochal cysts.

In summary, patients suffering from NCPH, be it caused by NCPF or IPH or EHPVO have
significant portal hypertension with near normal hepatic parenchymal function. Whereas
in NCPF patients, variceal obliteration suffices in EHPVO patients, subsequent develop-
ment of gastric or ecotopic varices, portal biliopathy, growth retardation, and slow hepatic
dysfunction do reduce the overall survival. There is a need to identify the precise etio-
pathogensis and natural history of these diseases to reduce their incidence and improve
the management.
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INTRODUCTION

The liver is very susceptible to increases in venous pressure because of its unique
architecture. In contrast to most organs, the liver has large endothelial pores and lacks
a basement membrane. Thus, any increase in venous pressure leads to the rapid move-
ment of large volumes of fluid from the vascular space into the interstitial space. The abil-
ity of the hepatic lymphatics to remove this excess fluid is limited and, therefore, the excess
fluid enters the peritoneal cavity. Thus, obstruction to the venous outflow of the liver
[Budd–Chiari syndrome (BCS)] presents clinically with signs of congestion of the liver
including ascites, hepatomegaly, and right upper quadrant abdominal pain. It is perhaps
this typical presentation that has led clinicians over the years to lump together all vascu-
lar obstruction into one general classification regardless of the vessels involved. In this
chapter, we will make use of recent classifications of hepatic venous obstruction that allow
for a better understanding of how each disease causing the BCS is different in its presen-
tation and management. The term BCS will include hepatic vein occlusion, including
combined occlusion of the hepatic veins and the vena cava. Hepatic veno-occlusive dis-
ease (VOD) also termed sinusoidal occlusion syndrome (SOS) will be considered sepa-
rately. Cardiac causes of hepatic outflow obstruction will not be considered.

BUDD–CHIARI SYNDROME (BCS)

History of BCS
The first description of large hepatic vein obstruction dates back to George Budd’s clas-

sic textbook of liver disease, wherein he described four cases of hepatic vein endophlebitis
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and thrombosis (1,2). Hans Chiari, an illustrious pathologist then working in Prague,
described the pathological changes, linked them to the clinical findings described by
Budd before him, and earned his eponymous place in medicine (3). The entity of hepatic
venous occlusion was firmly established for modern medicine by a landmark article by
Parker (2,4). At that time and as late as the mid-1970s, the prognosis for these cases was
uniformly poor (5). This was in part due to the lack of understanding of the etiology of
BCS, the inability to make early diagnoses, and the limited experience with surgical tech-
niques to decompress the liver (2,5).

Until recently, the etiology of BCS was unclear. In the early and mid-20th century,
as few as 30% of patients diagnosed with BCS had a recognizable etiological factor (4,5).
An increasing understanding of myeloproliferative and prothrombotic disorders has led
to a better understanding of the etiological factors that lead to BCS. Currently, the cause
of BCS can be identified in as many as 75% of patients and two factors may coexist in
up to 25% of patients (6).

Definition of BCS
The heterogeneous nature of BCS has resisted efforts by many investigators to rename

the entity (7,8). A recent European expert panel proposed that the name BCS be retained
because it has been widely used and because it is more succinct than the other proposed
names that define the location of the obstructive process. BCS is defined as hepatic venous
outflow obstruction at any level from the small hepatic veins to the junction of the inferior
vena cava (IVC) and the right atrium, regardless of the cause of obstruction (6). Outflow
obstruction caused by SOS or cardiac disease is explicitly excluded (6). Another clas-
sification was developed by Okuda et al. (8) and Table 1 contains that classification. The
advantage of this classification is that the presentation, complications, and therapies differ
for the two causes of BCS, i.e., hepatic vein thrombosis (HVT) and membranous obstruc-
tion of the vena cava (MOVC).

ETIOLOGY OF BCS

BCS arising from endoluminal blockage of the hepatic veins that originates in the vein
is considered primary BCS or HVT. HVT is more common in Western countries and is
associated with a prothrombotic disorder in most cases. MOVC is more common in the Far
East, is associated with the development of hepatocellular carcinoma and has a more

Table 1
Differences Between HVT and MOVC in BCS

Variable                       HVT MOVC

Epidemiology More common in West Developing countries
Etiology Prothrombotic disorder Unknown or prothrombotic disorder
Presentation Acute to chronic with More insidious with hepatomegaly

hepatomegaly and ascites and subcutaneous collaterals
Hepatoma No increased risk Common
Histology Congestion with loss hepatocytes Congestion with fibrosis or cirrhosis

Adapted from ref. 8.
HVT-hepatic vein thrombosis.
MOVC-membranous obstruction of vena cava.
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subacute or chronic presentation as compared to HVT (8,9). Secondary BCS refers to
hepatic vein occlusion where the obstruction occurs as a result of a process that does not
originate in the venous system, such as infiltrating tumor, compression of the vessels by
extrinsic mass, parasitic infestation or following liver transplantation (6,8,9).

SEVERITY BCS

The duration of disease or the rate of symptom progression has been used widely, but
without consistency to classify BCS. The terms “acute,” “subacute,” and “chronic” are
abundant, yet no consensus exists on the exact timing required for their use. Further con-
fusion is added when the terms “fulminant” and “subfulminant” are used. This terminol-
ogy needs to be defined carefully, and its application will be dependent on its utility with
respect to prognosis and treatment (6). However, despite this lack of clarity, BCS can present
with acute hepatic failure or as an indolent disease suggestive of cirrhosis and an awareness
of these different presentations is required so that a correct diagnosis can be made quickly.

Etiological Causes of BCS
Beginning with the first descriptions of the BCS in modern medical literature, hema-

tological disorders have frequently been linked with BCS. Notably, polycythemia rubra
vera and paroxysmal nocturnal hemoglobinuria have been diagnosed consistently in many
patients with HVT (4,5,10). In recent years, the recognition of familial traits that predis-
pose to prothrombotic disorders have been increasingly recognized as an causative factor
in HVT (11–13). The association between HVT and the use of prothrombotic therapies,
such as oral contraceptives, has been well documented (13). The development of the web
lesion in the IVC that causes MOVC is thought to follow thrombosis. The propensity for
this lesion to develop near the diaphragm is thought to be related to diaphragmatic move-
ment (8,20). Whereas Indian series report high incidence of thrombophilias, the Japanese
and Chinese series have a striking number of idiopathic cases of MOVC (8,14–19). Table 2
outlines the most common single factors that predispose to HVT. Note that because of low
prothrombotic potential, often times these factors coexist or are encountered in patients
with local factors that lead to BCS (20).

Table 2
Thrombophilias in Patients with BCS

Hematologic disorder Western countries  India

Myeloproliferative  49.4%  NA
Antiphospholipid  12.5%  11.3%
PNH  1.5%  NA
Factor V Leiden mutation  28.9%  26.4%
Factor II mutation  5.5%  0%
Protein C deficiency  17.4%  13.2%
Protein S deficiency  6.3%  5.7%
Antithrombin deficiency  4.4%  3.8%
Pregnancy  6.4%  11.7%
Oral contraceptives  52.2%  5.9%

Data taken from ref. 20.
PNH-paroxysmal nocturnal hemoglobinuria.
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Diagnosis of BCS
The numerous ways that BCS can present, along with its relative infrequency require

that clinicians consider the disease in a variety of clinical settings so that the diagnosis
can be made relatively quickly. Patients presenting with ascites, hepatomegaly, and right
upper quadrant abdominal pain, patients with any of the known prothrombotic disorders
and new onset ascites, patients with acute hepatic failure and ascites, or patients with what
appears to be cryptogenic cirrhosis should be thoroughly evaluated for BCS (6,21). Table
3 outlines the elements requisite in the initial evaluation.

IMAGING OF BCS
Imaging modalities are paramount for the diagnosis of BCS (22,23). Sonography in

combination with Doppler analysis may confirm BCS with a sensitivity of 87.5% (24).
The ready availability and relatively low cost make ultrasound with Doppler a logical
first step in the assessment of vascular anatomy in this patient group (25). Color Doppler
evaluation of the liver can reveal the following: (a) enlargement of the hepatic veins with-
out evidence of flow; (b) large intrahepatic collaterals; (c) spider web-like vascular pat-
tern in the vicinity of the ostia of the hepatic veins; (d) hyperechoic cord replacing the
lumen of the vein; and (e) loss of hepatic vein wave signal. Magnetic resonance imaging
(MRI) and computed tomography (CT) also provide very accurate means to evaluate the
vascular anatomy of the liver (26) (see Fig. 1A). Both modalities may enhance the eval-
uation because they add information about the status of the liver and may point to local
factors that contribute to the development of BCS (6,26). Furthermore, visualization of
an enlarged caudate lobe may help to further raise the degree of suspicion for BCS. The
use of venography may be necessary in the minority of cases where the diagnosis remains
in question or there is uncertainty as to the patency of the IVC. Venous pressure gradient
measurement and histological sampling to ascertain hepatic damage should be performed
at the time of venography (6) (see Fig. 1B).

HISTOLOGY OF BCS

The necessity of liver biopsy in the management of BCS is the subject of considerable
debate (27,28). The pathological features of BCS have been very nicely outlined using

Table 3
Initial Evaluation for the Diagnosis of BCS

Complete medical history Focus on current medications and
presence of a systemic disease

Complete blood count Bone marrow biopsy, flow cytometry,
and determination of total red cell
mass if PRV considered

Factor V and prothrombin gene defect analysis
Antiphospholipid antibodies
Lupus anticoagulant
Protein C and protein S levels May need to take into consideration

the presence of hepatic insufficiency
Homocysteine level There may be a role for MTHFR

polymorphism analysis

PRV-polycythemia rubra vera.
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available explants from liver transplantation (9,27–29). On gross examination, the livers
are noted to be enlarged, with Segment I (caudate lobe) hypertrophy (see Fig. 1C). The
classic microscopic description of the injury includes sinusoidal ectasia with centrilob-
ular necrosis (9,27–29) (see Figs. 1Di and 1Dii). Fibrosis classically follows leading to
so-called reverse cirrhosis or venocentric cirrhosis (29), terms used to describe fibrous
bands connecting central veins without bridging to portal tracts. Affected livers can be
also divided into two groups: those that exhibit large regenerative nodules with features
of focal nodular hyperplasia and those without any nodules. The latter is seen more com-
monly in patients with short duration of symptoms and fresh clots. The development of
focal nodular hyperplasia is thought to be caused by decreases in portal perfusion in asso-
ciation with arterial hyperemia (9,29).

In practical terms, the patient with suspected BCS should undergo a liver biopsy, par-
ticularly when the decompensation has been rapid and the optimal therapeutic intervention
is in question (27). This approach is particularly important in patients who have underly-
ing cirrhosis, where the diagnosis is uncertain (20). Some groups recommend that bilobar
samples be obtained, as the parenchymal involvement may be uneven as not all hepatic
veins may be occluded (30).

Therapy of BCS
The management of BCS hinges on two basic premises: first, treatment of the etio-

logical cause if possible, and second, decompression of the liver. It had been believed

Fig. 1. (C) Appearance of the liver on transplantation. Note the enlarged caudate lobe.
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Fig. 1. (D) Microscopic appearance in the same patient. i. Low power view. Note the confluent necro-
sis centered around the central veins, sparing the portal tracts. ii. Note the very prominent congestion
and necrosis around the central veins. Work-up revealed Factor V Leiden defect (heterozygous).
Patient has normal Factor V levels 2 yr after LT.
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previously that decompression of the liver was the critical component in the manage-
ment of patients with BCS. The realization that most of the patients seen in Western
countries had an underlying prothrombotic disorder has lead to a reconsideration of how
these patients should be managed. Life-long anticoagulation is necessary in the majority
of cases reported in Western countries, because approx 75% of cases will have disorders
of coagulation (20). This decision is more difficult in the setting of liver failure but cer-
tainly needs to be considered after definitive therapy has been selected. Treatment of the
underlying medical disorder alone has been successful in well-selected patients (20).
Reports from large centers in Europe and the United States confirm that 33–60% of patients
can be managed primarily by treating their underlying hematological condition without
resorting to decompressive procedures (31,32). If the thrombosis can be documented to
be recent, some investigators have reported limited success with thrombolysis accom-
panied by long-term anticoagulation (33–36). International consensus favors the step-
wise approach to the patient, particularly if clinical stability can be achieved with initial
anticoagulation, with subsequent use of more invasive decompressive maneuvers (6,20).
There are no precise criteria, however, for defining when a patient has failed anticoagulant
therapy and is in need of hepatic compression.

Decompressive modalities all have a common goal of creating a new conduit for venous
drainage. The extent of the thrombosis, i.e., whether or not some hepatic veins are partially
open, and the patency of the IVC will influence the choice of therapies. Multispecialty
expertise is needed to afford the BCS patient who fails medical therapy or who presents
with rapidly progressive hepatic decompensation the procedure most likely to achieve
ultimate long-term therapeutic success. The approaches that are well accepted are out-
lined below under the individual disciplines.

INTERVENTIONAL RADIOLOGY

Interventional radiology teams have a prominent role in the management of BCS. Dis-
tinguishing between HVT and MOVC will influence which approach is taken by the inter-
ventional radiologists. There are several reports of balloon dilation and stent placement
followed by anticoagulation that are very promising especially in those with MOVC (36–
38). In the typical Western patient, transjugular intrahepatic portosystemic shunts (TIPS)
can serve as an effective decompressive procedure or in patients with more advanced dis-
ease as a bridge to liver transplantation. BCS presents unique technical problems if the
hepatic veins do not allow for the formation of the connection to the vena cava or if the
hypertrophy of the caudate lobe causes compression of the intrahepatic vena cava (32,39).
The technique needs to be modified to allow the clinician to form direct portocaval connec-
tions through the hepatic parenchyma that successfully decompress the hepatic sinusoids
(40). TIPS may even be performed in patients with acute hepatic failure caused by BCS,
however, mortality in this group of patients is quite high and liver transplantation, if pos-
sible, is the preferred approach (41,42). In instances where the caudate lobe has been con-
gested and causes compression of the vena cava, TIPS can be used to decompress the
liver sinusoids into the suprahepatic cava. The experience in a large European center sug-
gests that TIPS may even rescue surgical shunts that fail to decompress the liver fully (32).

SURGERY

There is a considerable body of literature in support of surgical decompression for BCS
(30,37,43–48). A side-to-side shunt is required to decompress the liver. The approaches
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commonly used today include side-to-side portocaval and mesocaval shunts. In cases of
BCS that present with infrahepatic IVC obstruction, mesoatrial or cavoatrial shunts are
used (44). Another more radical procedure, dorsocranial hepatic resection with anasto-
mosis of the liver capsule and the right atrium (Senning’s procedure) has been described
but is rarely used (49). The ultimate choice of decompressive surgery rests with the exper-
tise of the surgical team and a careful assessment of the patients clinical condition.

LIVER TRANSPLANTATION

The introduction of liver transplantation for BCS in 1976 has opened a new modality
that allows salvage of the worst cases if all other treatment modalities fail (50). It became
apparent early on that this treatment was not a panacea, as many patients had recurrence
of their thrombosis (51–53). Most centers have implemented postoperative anticoagu-
lation protocols that are safe and have led to very reasonable success rates in later series
(54,55). The survival for this indication is 60–95% at five years (43,46,53,54,56,57) (see
Table 4). A small number of patients with BCS have undergone living donor transplan-
tation as well (58).

Prognosis and Management Recommendations
BCS requires very early and aggressive diagnostic work-up. The availability of effec-

tive medical therapy makes a solid diagnosis imperative. Patients in Western countries
require a thorough evaluation by a Hematology team and early management of thrombo-
philias and myeloproliferative disorders. Ideally, venographic analysis can be performed,
at which time pressures across stenoses can be checked and liver samples obtained.
Histology may not predict the outcome reliably, but the presence of extensive necrosis
will help the clinician expedite care and proceed with decompression. TIPS and surgical
shunts can be considered and, depending on the extent of the thrombosis and the expe-
rience of the surgical team, an optimal choice can be made. Liver transplantation should
be reserved for those patients with very rapid decompensation or those who fail medical
and decompressive therapy. TIPS serves a useful role in stabilizing the sickest patient
until such a time as a liver graft becomes available.

Despite the documented effectiveness of surgical management on the outcome of BCS,
Zeitoun et al. demonstrated in a retrospective multivariate analysis of 120 consecutive
patients seen over 22 yr, that only age, response of ascites to diuretics, Child–Pugh score,

Table 4
Long-Term Outcome of Liver Transplantation for BCS

Actuarial survival (%)

Institution Year No. of patients 1 yr 3 yr 5 yr

Pittsburgh (52) 1990 23 69 45 45
Hanover (54) 1994 43 69 69 69
Cambridge (53) 1991 26 69 69 50
Los Angeles/Dallas (46) 1992 14 86 76 NA
London (Kings) (56) 1999 19 95 95 95
London (Ontario) (57) 1994 11 NA 64 64
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and renal function were independent predictors of survival. Using these variables, a model
was developed that accurately predicted survival on a subset of new patients referred to
this center. Surprisingly, medical or surgical interventions were not found to be an impor-
tant predictive factors in patient outcomes (47). This model has been further modified to
include clinical features suggesting an acute vs a chronic presentation. Patients with both
acute and chronic features had the worse prognosis and the addition of this variable to
the prognostic index improved its predictive power (59). Patients with a good prognostic
index can be managed medically, whereas those with a poor index should be considered
for a TIPS or perhaps liver transplantation. An individualized approach to patients is para-
mount to successful management of the BCS patient. Rapid diagnosis and close follow-
up are pivotal in the separating those patients who will have rapid progression of disease
from those who will respond to medical therapy. Figure 2 illustrates a management
algorithm that takes into account all the measures described above.

SINUSOIDAL OBSTRUCTIVE SYNDROME
(HEPATIC VENO-OCCLUSIVE DISEASE)

Introduction
The similarities in clinical presentation between BCS and SOS make it tempting to

group these two entities; however, they are clearly quite different both as to cause and
response to therapy. The most commonly used term to describe this syndrome is VOD
but the term SOS has recently been suggested to be more descriptive of this condition.
This change in terminology reflects the realization that the primary pathophysiologic
event is an alteration in the liver microcirculation which may occur in the absence of
vascular occlusion (60). SOS will be the term utilized in this chapter.

Fig. 2. A management algorithm.
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SOS was initially described by physicians treating epidemic liver injury in patients
who had ingested tea or flour contaminated by pyrrolizine alkaloids (61–64). Today,
SOS is seen in Western countries in patients receiving antineoplastic regimens, includ-
ing, but not limited to, hematopoietic stem cell transplantation (HSCT) conditioning
regimens (65–67). Many links to antimetabolites [azathioprine (68), 6-mercaptopurine
(69), 6-thioguanine (70), and cytosine arabinoside], alkylating agents [dacarbazine (71),
cyclophosphamide, carmustine, and busulfan (72)], and antilymphocyte antibodies (73,74)
used outside of stem cell transplantation have been established. There are also reports
of SOS in the management of Wilm’s tumor in children, which requires combination radi-
ation and chemotherapy (75–77) and in liver transplantation (78,79).

Pathophysiology of SOS
Understanding the type of injury to the hepatic vasculature is pivotal to understanding

SOS pathophysiology. The description of histological patterns of injury evolved from
seminal autopsy studies arising from the early HSCT experience from the Seattle group
(67,80). The authors correlated their pathological findings with the clinical severity and
symptoms observed in their patient cohort. The earliest histologic findings in livers of
SOS patients include marked centrilobular hemorrhagic necrosis, with subsequent nar-
rowing of the terminal hepatic venules (67). This damage leads to extravasation of red
cells and cellular debris into the space of Disse, with evident hepatocyte necrosis and
macrophage recruitment (67). Outflow impairment facilitates retrograde flow of cellu-
lar debris into portal radicals and perhaps embolization of damaged central veins. Liver
biopsies obtained 2 wk after the onset of clinical symptoms demonstrate more signifi-
cant deposition of cellular matrix materials in sinusoidal and subendothelial spaces (60,
81). There is also stellate cell activation and increased fibrogenic activity soon after the ini-
tial injury (82). Single lesions can be seen in asymptomatic individuals, however, there
is a relationship between the number of lesions and the severity of SOS (68,80).

Until recently, much debate has surrounded the causal mechanism for SOS. Given the
clinical scenarios where SOS is seen, direct toxic effects to the hepatocytes and endothe-
lial cells of the drugs administered to these patients were always suspect. Indirect evi-
dence also implicated disorders of coagulation favoring a procoagulant balance (83). It
was not until the recent development of a rat model of SOS that damage to the sinusoidal
cell has emerged as the key step in the development of this syndrome (84). The animals
were fed a pyrrolizidine alkaloid, monocrotaline, that induced findings parallel to human
SOS, with hepatomegaly, ascites formation, and hyperbilirubinemia (84).  Electron mic-
roscopy of livers from this model revealed that the initial change is sinusoidal cell dis-
tortion, leading to disruption of the fenestrae, red cell movement into the space of Disse,
and tearing of the sinusoidal lining. The resulting cellular debris then sloughs off and
disrupts the microcirculation leading to sinusoidal obstruction (60,84). Three compli-
mentary events may explain many of the changes. The first is activation of matrix metal-
loproteinases that allow for the disruption of the sinusoidal epithelium, the first change
in SOS (60). Second, depletion of glutathione appears to play a role in the disruption of the
sinusoidal cells as prevention of depletion of glutathione reduces the injury (85). Last,
inhibition of nitric oxide synthesis in the sinusoid, possibly as a result of decreased flow
through the sinusoid and perhaps linked to metalloproteinase activation, may accentuate
the obstruction to flow and, thus, worsen the injury (86,87).
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The possibility of a distinct contribution from a preexisting or acquired impairment
of coagulation in SOS has been raised and continues to be considered an important
factor. Levels of factor VIII, vonWillebrand factor (vWF), and fibrinogen increase in the
period following HSCT (83). Tissue necrosis factor α (TNFα) levels have also been noted
to be increased after conditioning regimens, leading to an intriguing theoretical mecha-
nism of injury. Salat et al. (88) proposed that the initial injury exposes hepatic venular sur-
face, which leads to the production of endothelial factors such as factor VIII and vWF.
The neutropenia that follows allows for bacterial translocation in the gut, resulting in endo-
toxemia, release of TNFα, and other prothrombotic agents from the endothelium, which
cause further vascular perturbations (88). Future therapeutic efforts are likely to benefit
from these new insights and will include cytoprotective therapies that have the potential
to prevent SOS.

Clinical Picture of SOS
As many as 50% of patients receiving HSCT develop SOS of clinical significance (89,

90). The clinical triad of weight gain, painful hepatomegaly, and jaundice (generally in
that sequence) appearing within 20 d of inductive therapy defines the syndrome clini-
cally (89–94). However, SOS has been described later in the course of HSCT as well
(95). SOS usually resolves spontaneously in the majority of patients but it can progress to
multiorgan system failure, usually congestive heart failure, renal insufficiency/failure,
gastrointestinal bleeding, and encephalopathy (90,96). The renal insufficiency gener-
ally represents hepatorenal syndrome, but its appearance may follow use of known
nephrotoxic agents such as amphotericin-B and calcineurin inhibitors (90). Mortality is
usually the result of one of the ensuing complications (90,94). The onset of multiorgan
failure requiring mechanical ventilation and pressors or hemodialysis portends a very
grim prognosis (60,97).

Risk Factor Assessment in SOS
Several large series have identified characteristics that increase of the risk of devel-

oping SOS following HSCT (89,90,98). Table 5 lists the most significant recipient and
transplantation-related risk factors for the development of SOS. Factors that are solidly
established include the use of allogeneic stem cells, the degree of histocompatibility, the
use of total body irradiation and its dose, and the use of busulfan in the conditioning
regimen. Less solidly established risk factors include the presence of underlying liver
disease or presence of liver metastases (91).

Laboratory Findings in SOS
SOS patients generally will develop jaundice of variable proportions, normally owing

to direct hyperbilirubinemia (89,90,94). Serum alkaline phosphatase and serum trans-
aminase levels can also be elevated (90). Thrombocytopenia appears early in the course
of the syndrome and may be related to the increase in portal hypertension but can also be
secondary to a failure of engraftment of the transplant (98). Creatinine generally increases
in the most severe cases and can signal impending renal failure.

Several groups have investigated the use of coagulation factor levels as indicators of
SOS (83,90,94). It is well recognized that vWF and thrombomodulin levels are elevated
in these patients, as well as factor VIII and plasminogen (90,99). Anticoagulants such as
protein C and antithrombin III are decreased in SOS patients (83,90,94). However, none
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of these factors is a reliable diagnostic marker of SOS (83). The level of plasminogen acti-
vator-I has been described as a good early discriminator of patients with SOS, particularly
in the pediatric population (100–102). A recent report suggests that the use of serum levels
of hyaluronic acid can help in the diagnosis of SOS in patients undergoing HSCT (103).

Histological Studies in SOS
Although histology remains the gold standard to accurately diagnose early SOS (as

described above), the presence of SOS in patients without any discernible venular occlu-
sion coupled with potential bleeding complications, make liver biopsy an option that is
not routinely considered in patients suspected of having SOS (90,94). If a liver biopsy is
needed, then the transjugular approach is the safest.

Hemodynamic Studies
In cases where the typical time-course is not followed and in cases where underlying

hepatic disease may be present, transjugular liver biopsy and measurement of hepatic
venous pressure gradient (HVPG) may be helpful to establish the diagnosis (104,105).
There are several reports of correlation between high HVPG and increased mortality. The
presence of high HVPG (>10 mmHg) and the absence of preexisting liver disease can
diagnose SOS with reasonable certainty (106).

Imaging in SOS
Whereas ultrasonography may confirm the presence of ascites, hepatomegaly, and

anomalies in hepatic outflow, it does not offer many specific findings that help in the diag-
nosis (107–109). Ultrasonography can certainly eliminate entities that may mimic SOS
and has the added advantage of being portable and easily used in a sterile environment
(109). MRI has been used although some of the limitations of ultrasonography apply to this
modality as well. Many of the findings in SOS that can be seen by MRI develop late in
the course of the disease and are of limited use (110,111).

Table 5
Risk Factors for Development of VOD

Risk Factor Factors that increase risk of SOS

Transplant Type Allogeneic
Donor Non-related donor
Grade of HLS compatibility Poor match
Diagnosis Transplant performed for malignancy
Conditioning regimen Nonfractionated high dose TBI, conditioning regimens that

contain busulfan and cyclophosphamide
Age Older recipients
Sex Male
Liver factors Abnormal liver injury tests, tumor laden liver, and prior

irradiation
Cytomegalovirus Present

Adapted from ref. 90.
TBI-total body irradiation.
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Diagnosis of SOS
For many of the reasons outlined above, the use of clinical criteria to make the diag-

nosis has been adopted. Two sets of criteria have been widely used, the so-called Seattle
criteria (65) and the Baltimore criteria (112). A modification of the Seattle criteria has
been recently proposed that decreases the time to onset of symptoms and better defines
the weight gain and jaundice (81) (see Table 6). The reliability of the different criteria
using histological confirmation of SOS was determined and both were found to have
identical predictive value. Both methods lacked sensitivity, which is not too surprising, as
the process must become quite extensive before clinical symptoms appear (113). Strong
clinical suspicion and the consideration of a wide differential diagnosis are very impor-
tant factors in the diagnosis of SOS. Table 7 lists the differential diagnosis for SOS.

Prevention of SOS
The identification of SOS risk factors has led to changes in the performance of HSCT

in individuals with high-risk profiles. Prophylactic regimens have been extensively inves-
tigated in an effort to help those HSCT patients in whom there are identified risk factors
for SOS. Attempts to prevent depletion of glutathione, and the tissue injury resulting
from microthrombi/emboli and fibrin deposition are all steps which have been targeted
in therapeutic trials with varied success (114). Heparins (both low-molecular-weight and
unfractionated) have been used in a number of trials. A randomized trial revealed that
prophylactic heparin reduced the incidence of SOS, but did not prevent the development
of severe SOS (115). A nonrandomized study of patients at high risk showed that heparin
was ineffective (116). Low-molecular-weight heparin may have fewer side effects, but
its benefit is unclear (117,118). The use of L-glutamine and N-acetylcysteine as sources
of glutathione have not yet been explored fully, although they hold promise on the basis
of experimental evidence (85,119–121). Ursodeoxycholic acid has also been used and has
failed to demonstrate a significant survival effect, despite apparent effectiveness in decreas-
ing the rate of SOS (122,123). Pentoxifylline, a TNFα antagonist, has been used alone
and as adjuvant and has shown no effectiveness in the prevention of SOS (124,125).

Table 6
Diagnostic Criteria for SOS

Seattle Criteria (65) Development of 2/3 features below before 30 d from transplantation
Jaundice
Hepatomegaly with right upper quadrant pain
Ascites and/or unexplained weight gain

Modified Seattle Development of 2/3 features below before 20 d from transplantation
Criteria (81) Hyperbilirubinemia with serum bilirubin >2 mg/dL

Hepatomegaly with right upper quadrant pain
Weight gain >2% from baseline due to fluid retention

Baltimore Development of serum bilirubin >2 mg/dL within 21 d from
Criteria (112) transplantation and at least 2 of the findings below

Hepatomegaly
Weight gain >5% from baseline
Ascites
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Treatment of Established SOS
In making the decision to treat patients with suspected or confirmed SOS, it has to be

remembered that a large percentage of patients have a mild course and the disease resolves
spontaneously (94). Despite efforts by large centers to derive a model that will help to
stratify patients likely to benefit most from treatment that goal has not been reached (126).
Several approaches have been taken to treat the more seriously ill patients. The use of tis-
sue plasminogen activator was aggressively studied with the hope of addressing what was
then felt to be the primary pathological event (127). Although some patients benefited, the
very high risk of hemorrhage has made the therapy unacceptable. Defibrotide has recently
emerged as a promising agent. This agent is a polydeoxyribonucleotide with adenosine
receptor agonist activity (128,129). Initial trials were encouraging and have led to a large
multicenter trial (128,129). Defibrotide administration increases endothelial prostag-
landins, thrombomodulin, and endogenous tissue plasminogen activator levels, with con-
comitant decrease in levels of plasminogen activator inhibitor-1; all of this occurs without
anticoagulant activity or significant toxicity (130). Thirty-six percent of treated patients
resolved their severe SOS, with survival beyond 100 d of 35% (130). Given the severity
of the SOS in these patients these results are encouraging. New, yet unproven, therapies
for SOS include administration of N-acetylcysteine (131), antithrombin III (132,133),
charcoal hemofiltration (134), and lately, TIPS (135–137). Although TIPS was effect in
decompressing the liver, there was no benefit on survival and this approach has been aban-
doned by most centers. Liver transplantation has been occasionally used in the rescue of
patients with SOS (138–140). This approach depends on the availability of very scarce
resources, and given the high recurrence rates of the hematological malignancies which
led to HSCT in the first place, few patients would be considered appropriate transplant
candidates.
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DIAGNOSIS AND MANAGEMENT
OF HEPATOPULMONARY SYNDROME

Definition
Hepatopulmonary syndrome (HPS) is a pulmonary vascular abnormality character-

ized by intrapulmonary vascular dilatations (IPVD) and arterial hypoxemia that occurs
in the setting of either cirrhotic or noncirrhotic portal hypertension (1–4). The clinical
diagnostic triad is shown in Fig. 1. Prevalence rates for HPS in patients undergoing liver
transplant evaluation have ranged from 5% to 29% (5). HPS is not age-dependent and can
be seen in children; it affects males and females equally. To date, no specific etiology of
liver disease has been associated with HPS and the degree of HPS has not been correlated
with the severity of liver disease using the Childs–Turcotte–Pugh classification or the model
for end-stage liver disease scoring system (MELD) (6).

An imbalance in vascular mediators may play a primary role in the vascular changes
seen in HPS. Nitric oxide (a potent vasodilator) is thought to be an important mediator
in the development of IPVD in HPS and, both inducible and constitutive nitric oxide syn-
thase are upregulated in patients with cirrhosis (7–9). Ironically, endothelin-1, which is
a potent vasoconstrictor, may also be involved in the pathogenesis of HPS by stimulating
the endothelin-B receptor in the pulmonary endothelium resulting in an increase in nitric
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oxide production (10). Further defining the vascular biology in HPS will provide an
increased understanding of the pathophysiologic mechanisms of this syndrome.

DIAGNOSIS

Arterial Hypoxemia
Arterial hypoxemia in HPS is documented by PaO2 < 70 mmHg (11–15) or an alveolar–

arterial oxygen difference [P(A-a)O2] > 20 mmHg on room air assuming a respiratory
quotient of 0.8 (16). Orthodeoxia often occurs (a worsening of oxygenation in the upright
position compared with the supine position) as a result of the predominance of vascular
dilatations in the lung bases. Positional arterial blood gases (supine and upright) are used
to document the degree of orthodeoxia (defined as a decrease in PaO2 greater than 3
mmHg in the upright compared with supine position) (2,16).

The multiple inert gas elimination technique has helped to define three mechanisms
of hypoxemia in HPS (2,5). The first is increased perfusion with normal ventilation due
to the hyperdynamic circulatory state of these patients. This leads to a more rapid transit
time through the pulmonary vascular bed influencing capillary oxygenation. The second
mechanism relies on the diffusion–perfusion relationship. As the vascular dilatations
increase in size, there is a further distance from the alveolus to the center of the capillary
limiting the passive diffusion of oxygen. The third mechanism is that of direct right to
left shunting through pulmonary arteriovenous malformations causing perfusion in the
absence of ventilation.

IPVD

IPVD result in varying degrees of hypoxemia. Two types of vascular abnormalities
have been described based on angiographic patterns and lung necropsy specimens (17,
18). The type 1 pattern is that of diffuse precapillary and capillary dilatations causing ven-
tilation/perfusion mismatching due to excessive perfusion. The type 2 pattern consists

Fig. 1. The clinical diagnostic triad of hepatopulmonary syndrome.
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of distinct localized arteriovenous communications that cause perfusion in the absence
of ventilation resulting in a true shunt. The response to 100% inspired oxygen can some-
times help to differentiate between the two types. In the presence of a true shunt, the
response to 100% oxygen will be minimal. A useful guideline to follow is that if the PaO2
is less than 300 mmHg in response to 100% oxygen, a pulmonary angiogram should be
considered so that any distinct pulmonary arteriovenous communications can be consid-
ered for coil embolotherapy.

Contrast-enhanced transthoracic echocardiography is the most sensitive, qualitative
screening test to detect the presence of IPVD (11). IPVD are present when microbubbles
(agitated saline injected through a peripheral vein) are visualized in the left heart chambers
four to six cardiac cycles after visualization in the right heart. This test may detect “sub-
clinical” HPS however, as cirrhotic patients without hypoxemia may have positive con-
trast-enhanced echocardiograms (11).

Technetium labeled macroaggregated albumin (99mTcMAA) lung perfusion scanning
with brain uptake is a specific test that allows quantification of the degree of right to left
shunting caused by IPVD (15,19). Abnormal uptake is defined as greater than 6% shunt.
If positive in the setting of liver disease and arterial hypoxemia, the diagnosis of HPS
is established. A diagnostic algorithm for HPS is shown in Fig. 2.

Management
Supplemental oxygen administration should be utilized in HPS patients although the

response to oxygen therapy will vary depending on the degree of IPVD and will be less
effective as IPVD increase in size. If the response to 100% oxygen is poor (<300 mmHg)

Fig. 2. Diagnostic and management algorithm for the evaluation of hepatopulmonary syndrome.
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a pulmonary angiogram is a reasonable next step. Pulmonary arteriovenous malforma-
tions that have “feeding” arteries larger than 3 mm can be effectively treated with coil
embolotherapy (20). Most commonly, however, the vascular abnormalities are of the dif-
fuse type and are not amenable to treatment although a single case report has emerged
documenting successful embolization therapy for diffusely dilated pulmonary vessels
in a patient with HPS as palliative treatment prior to OLT (21).

Multiple pharmacologic therapies have been used to treat HPS over the years; however,
none thus far have been shown to be consistently effective (17,22–25). There are no ran-
domized controlled trials regarding pharmacologic therapies and most have been of short
duration. A recent case report has provided encouraging data showing that inhibition of
nitric oxide synthesis with nebulized NG-nitro-L-arginine methyl ester (L-NAME) im-
proved arterial oxygenation and 6-min walk distance in a patient with HPS (7). This case
report reiterates the delicate balance between vascular mediators and provides evidence
that nitric oxide likely plays a role in the pathophysiology of HPS. Transjugular intra-
hepatic portosystemic shunting has been performed in HPS with variable results (26,27).
Rarely, HPS will spontaneously resolve.

Presently, the only effective treatment for HPS is orthotopic liver transplantation (OLT)
with improvement or resolution of HPS in 61–91% of patients (28–30). Survival in the
absence of OLT in patients with HPS is poor compared to those undergoing OLT (31,32).
HPS can be severe even in the setting of stable hepatic dysfunction. Patients with PaO2
< 50 mmHg appear to have a worse survival than those with PaO2 > 50 mmHg (31,32). As
long as minimal listing criteria for transplantation are met, OLT remains an indication
for the treatment of HPS. Oxygenation abnormalities resolve slowly after OLT (months).
The lower the preoperative PaO2, the longer the resolution of hypoxemia (30). The cur-
rent United Network for Organ Sharing policy recommends that HPS patients with PaO2
< 60 mmHg be given additional MELD points so that they have a “reasonable probability
of being transplanted within 3 mo” (33).

DIAGNOSIS AND MANAGEMENT
OF PORTOPULMONARY HYPERTENSION (POPH)

Definition
POPH results from a proliferative vascular process that occurs in the setting of liver dis-

ease, most commonly portal hypertension; and, is characterized by constrictive and oblit-
erative changes in the pulmonary vascular bed that are indistinguishable from those seen
in primary pulmonary hypertension (34,35). The 3rd World Symposium on Pulmonary
Arterial Hypertension in 2003 included POPH as a cause of pulmonary arterial hyperten-
sion (36). Screening patients undergoing evaluation for liver transplantation is important
because of the significant peri- and postoperative morbidity and mortality that can result
from POPH. The prevalence of pulmonary hypertension in 1205 consecutive liver trans-
plant patients has been shown to be 8.5% (37). Other studies have determined the prev-
alence of POPH in liver transplant candidates to be 3.5 and 4%, respectively (38,39). Males
and females are affected equally and, neither the etiology nor the severity of hepatic dys-
function correlate with the degree of pulmonary hypertension.

The vasculopathy seen in POPH results from pulmonary endothelial proliferation lead-
ing to plexogenic arteriopathy and in situ thrombosis. These changes are pathologically
similar to the findings in primary pulmonary hypertension.



Chapter 27 / Pulmonary Complications 459

Diagnosis
The diagnosis of POPH relies on hemodynamic data obtained at right heart catheter-

ization and includes a mean pulmonary artery pressure (MPAP) of > 25 mmHg at rest,
a pulmonary vascular resistance (PVR) > 240 dynes.s.cm−5, and a normal pulmonary
capil-lary wedge pressure (PCWP) in patients with chronic liver disease (3,40). The PVR
is cal-culated by [(MPAP–PCWP) ÷ cardiac output] ↔ 80 (dynes.s.cm−5). Including the
PVR in the definition is important as many patients with liver disease can have moderate
eleva-tions in MPAP largely in part because of high cardiac outputs from a hyperdy-
namic state. In these patients, however, the PVR should be close to normal. This is
different from POPH where elevations in MPAP are a result of the changes in the pulmo-
nary vascular bed often with reductions in cardiac output. Table 1 shows the variations
in hemodynamic profiles that can exist in liver disease and portal hypertension.

Transthoracic echocardiography is a useful screening tool to estimate pulmonary artery
systolic pressure (41). This pressure is estimated by using the tricuspid regurgitant flow
velocity and the estimated right atrial pressure. Sensitivity and specificity of Doppler
echocardiography for detecting POPH approaches 100% and 88% when using a systolic
pulmonary arterial pressure of >40 mmHg or a pulmonary acceleration time of <100 ms
(42). Echocardiography with Doppler assessment of the right ventricle should be per-
formed in patients undergoing evaluation for liver transplantation with further testing
if there is a suspicion of pulmonary hypertension. A diagnostic algorithm for the evaluation
of POPH is shown in Fig. 3.

Management
Management of POPH consists of a multifaceted approach. Oxygen therapy should be

considered once arterial saturations fall below 90% so that hypoxic vasoconstriction does
not further compound the pulmonary hypertension. Symptomatic patients complaining

Table 1
Variations in the Hemodynamic Profiles

That Can Be Seen in Patients with Liver Disease and Portal Hypertension

MPAP, mean pulmonary artery pressure; PVR, pulmonary vascular resistance; CO, cardiac output;
PCWP, pulmonary capillary wedge pressure.
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of shortness of breath often experience some symptom alleviation with oxygen therapy
alone. Depending on the amount of edema that develops both from liver disease as well
as from right heart dysfunction, diuretics and sodium restriction can be especially useful.
Both loop diuretics and potassium-sparing diuretics are effective. B-type natriuretic pep-
tide (BNP) is a cardiac neurohormone secreted from the ventricles (43). Elevated BNP
levels have been found to be a useful measure in patients with primary pulmonary hyper-
tension and appear to have a strong independent association with mortality (44). BNP may
be helpful as a measure of right ventricular stress/strain in POPH.

The role of anticoagulation in POPH remains unclear. Hepatic dysfunction often results
in an elevation of prothrombin time and, portal hypertension with resultant splenome-
galy causes thrombocytopenia. Gastrointestinal bleeding from gastric and/or esophageal
varices often complicates the situation as well. Anticoagulation may be considered in
patients with stable hepatic dysfunction, reasonable platelet counts, and the lack of varices
after discussion with the hepatologist or liver transplant surgeon.

Therapeutic agents available to specifically treat pulmonary hypertension include
the prostanoids; intravenous (iv) epoprostenol (Flolan®) and subcutaneous (sc) trepro-
stinil (Remodulin®) and, the oral nonspecific endothelin receptor antagonist bosentan
(Tracleer®). More data are available regarding the use of iv epoprostenol in POPH. Epo-
prostenol is given as a continuous iv infusion through an indwelling, long-term central
venous catheter. It is has been shown to decrease PVR and MPAP while increasing car-
diac output, both acutely and long term in patients with POPH (45). The overall goal is to

Fig. 3. Diagnostic and management algorithm for the evaluation of portopulmonary hypertension.
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improve pulmonary hemo-dynamics so that morbidity and mortality might be lessened
and; to possibly facilitate OLT in specific instances. The degree of hemodynamic derange-
ment influences survival after liver transplantation. In an evaluation of published liver
transplantation outcomes in POPH, patients with MPAP >50 mmHg had 100% mortality,
whereas patients with MPAP 35–50 mmHg and PVR >250 dynes.s.cm−5 showed a 50%
mortality, and patients with MPAP <35 mmHg experienced no mortality (46,47).

To date, there are no published series regarding the use of subcutaneous treprostinil
or oral bosentan in the treatment of POPH. A major side effect of bosentan treatment is
that of hepatic dysfunction requiring monthly monitoring of liver enzymes, alkaline
phosphatase, and bilirubin. The safe use of bosentan in patients with POPH has not been
delineated.

DIAGNOSIS AND MANAGEMENT OF HEPATIC HYDROTHORAX

Definition
The definition of hepatic hydrothorax consists of a significant pleural effusion (gener-

ally greater than 500 mL) in a patient who has liver cirrhosis in the absence of primary car-
diac or pulmonary disease (48,49). No particular etiology of liver disease is predictive for
the development of hepatic hydrothorax. Prevalence rates of hepatic hydrothorax range
from 4% to 10% of patients with advanced liver cirrhosis (50). The pleural fluid appears
to develop owing to transfer of ascitic fluid through diaphragmatic fenestrations. Hepatic
hydrothorax is most commonly located on the right side although can appear on the left
as shown in Fig. 4 or, in some instances bilaterally.

Diagnosis
The diagnosis of hepatic hydrothorax relies on the documentation of a pleural effusion

and the exclusion of any confounding cardiac or pulmonary disease (congestive heart fail-
ure, parapneumonic effusion, malignancy, and so on). The pleural fluid analysis of hepatic
hydrothorax in general is transudative in nature. The cell count is usually <1000 cells/mm3,
the total protein concentration is <2.5 g/dL, and the pH ranges from 7.40 to 7.55 (49,51).
Hepatic hydrothorax can occur in the absence of ascites and can be diagnosed with
nuclear scanning techniques by injection of radioactive isotope (99mTc-sulfur colloid) into
the peritoneal cavity and following the communication into the pleural space (50,52,53).

A careful history and physical examination are paramount in the evaluation of hepatic
hydrothorax. Pleural fluid analysis via thoracentesis is important to define the fluid char-
acteristics especially in patients with hemithorax pain or fever. Radiographic imaging
including chest computed tomography scanning is important to evaluate the chest in its
entirety to exclude significant mediastinal lymphadenopathy, as well as any gross pulmo-
nary parenchymal or pleural lesions. Echocardiography is a helpful tool in assessing car-
diac function as a potential etiology to pleural effusion.

Management
MEDICAL THERAPY

Patients who develop hepatic hydrothorax most often have advanced liver disease and
may be candidates for OLT. The goal of therapy in hepatic hydrothorax is the relief of
symptoms and the prevention of pulmonary complications such as compressive atelecta-
sis and infection. Initial attempts at treating hepatic hydrothorax focus on strict sodium
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restriction and diuretic therapy. The effectiveness of these interventions relies on the
patient’s renal function and ability to excrete sodium. As glomerular filtration rates fall,
diuretic therapy can result in rising BUN and creatinine values culminating in worsening
encephalopathy. Occasionally, hepatic hydrothorax is controlled by these measures alone
and the patient’s symptoms are tolerable.

THORACENTESIS

Therapeutic thoracentesis is an effective procedure in eliminating pleural fluid and
relieving symptomatology. Unfortunately, hepatic hydrothorax most commonly is a re-
curring process due to the unresolved hepatic dysfunction. Patients often require frequent
thoracenteses for symptom relief. Complications of thoracentesis include postthoracen-
tesis pulmonary edema, pneumothorax, and hemothorax. Hyponatremia and hypoalbu-
minemia can be significant problems in these patients because of recurrent large volume
taps. Owing to the recurrent nature of hepatic hydrothorax other treatment options have
been explored. To date, no consistent ideal treatment has been defined.

Fig. 4. Chest radiograph illustrating a large left-sided hepatic hydrothorax.
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PLEURODESIS

Pleurodesis is a procedure whereby a sclerosing agent is instilled into the pleural space
to eliminate the space where fluid accumulates. Unfortunately, pleurodesis has not been
an effective treatment option in hepatic hydrothorax probably due to the large and recur-
rent volume of fluid that passes into the pleural space. Pleurodesis is generally effective
only if the pleural space is able to be adequately drained prior to instillation of a sclerosing
agent. This is usually not possible in hepatic hydrothorax. One study of talc pleurodesis
found that the procedure was effective in 10 of 21 procedures with four recurrences (54).
Morbidity was seen in 57% and included fever, chest pain, empyema, wound infection,
and persistent air leak. Thirty-nine percent of patients died within 30 d of the procedure.

DIAPHRAGMATIC REPAIR

Surgical repair of diaphragmatic defects has been performed in hepatic hydrothorax in
attempts to decrease the passage of ascitic fluid into the pleural space. In one study of
eight patients with ascites and hepatic hydrothorax, diaphragmatic defects were localized
and repaired in six patients under surgical videothoracoscopy without recurrence of pleu-
ral effusion (55). In the remaining two patients, no diaphragmatic defect was found and
drainage persisted for 15–18 d. These patients were discharged with stable recurrent effu-
sions occupying one-third of the hemithorax. This suggests that if obvious diaphrag-
matic defects can be localized and repaired, hepatic hydrothorax may be successfully
treated by this method although ascitic burden may become more problematic.

SHUNT SYSTEMS

Pleurovenous shunting has emerged as a treatment consideration for hepatic hydro-
thorax. This involves the placement of a shunt system from the pleural cavity into the sub-
clavian or jugular vein. Two types of shunt systems have been used. The LaVeen shunt
system has largely been used in peritoneovenous shunting from the peritoneal cavity into
the venous system. One disadvantage of this shunt system is that the pleural space has a
lower pressure than both the peritoneal cavity and the venous system so that fluid may
accumulate in the pleural space. Because of this problem, the Denver shunt was designed
that has a unidirectional pump and, also allows for external manual compression so that
fluid can be moved from an area of lower pressure (pleural space) to one of higher pres-
sure (venous system). One study evaluated six patients with hepatic hydrothorax treated
with pleurovenous shunting via the Denver shunt system and showed that hepatic hydro-
thorax related symptoms were reduced within a few days (56). One patient died as a result
of hepatic failure 4 wk after shunt implantation, however, the shunt was still functioning.
This type of shunting may be an option for patients with symptomatic hepatic hydrotho-
rax both for symptom control and, potentially as a bridge to liver transplantation.

TRANSJUGULAR INTRAHEPATIC PORTOSYSTEMIC SHUNT (TIPS)

Transjugular intrahepatic portosystemic shunt (TIPS) is an acceptable form of medical
therapy for portal hypertension-related variceal bleeding, as well as intractable ascites.
This procedure involves placing a stent between the portal and hepatic venous systems
so that venous return bypasses the liver thereby reducing hepatic sinusoidal pressure.
Early experience with TIPS in the treatment of hepatic hydrothorax in patients with and
without ascites were encouraging (57,58). More recently, 19 patients with hepatic hydro-
thorax treated with TIPS were evaluated to determine the safety and efficacy of TIPS (59).
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Complete clinical response was seen in 63% of patients, partial clinical response in 11%,
and no clinical response in 26%. Radiographic response was deemed complete in 30%,
partial in 50%, and none in 20%. The authors concluded that TIPS was a relatively safe and
effective method of controlling hepatic hydrothorax, however, there was a variable reduc-
tion in the quantity of pleural fluid remaining after the procedure. Patients who did not
respond to TIPS had a poor prognosis, with the majority dying within 30 d of the pro-
cedure. Complications of TIPS include worsening hepatic encephalopathy, shunt occlu-
sion, and infection. Liver transplantation remains the only long-term effective treatment
for refractory hepatic hydrothorax.

DIAGNOSIS AND MANAGEMENT
OF CARDIAC COMPLICATIONS OF CIRRHOSIS

Definition
A variety of cardiac complications occur as a consequence of liver disease. Right heart

failure associated with portopulmonary hypertension has already been discussed. Other
cardiac complications, however, include cardiac compromise due to large pleural effu-
sion, pericardial effusion in cirrhosis, and cirrhotic cardiomyopathy (60–64). Patients
with cirrhosis tend to have a hyperdynamic circulation characterized by a high cardiac out-
put and low systemic vascular resistance. Many cirrhotic patients present with dyspnea,
fluid retention, and diminished exercise capacity. A thorough cardiac and pulmonary eval-
uation is important in the assessment of these symptoms.

Diagnosis

CARDIAC EFFECTS OF LARGE PLEURAL EFFUSIONS

Large pleural effusions have the potential to transmit the resultant increase in intrapleu-
ral pressure to the pericardial space thereby diminishing right or left ventricular filling
leading to hypotension and hypoperfusion (tamponade physiology) (60,61). Physical
examination findings include those of a large pleural effusion (diminished breath sounds,
dullness to percussion, egophany) as well as evidence of cardiac tamponade (elevated jug-
ular venous pressure, pulsus paradoxus, edema). Electrocardiography may show decreased
voltage due to the tamponade physiology. Transthoracic echocardiography is the diagno-
stic tool of choice. Findings on echocardiography include right and/or left ventricular dia-
stolic collapse, respiratory variation in flow velocities, and decreased left ventricular ejec-
tion fraction (60). Pulmonary artery catheterization findings are consistent with cardiac
tamponade showing equalization of pressures between the right atrium, right ventricle,
pulmonary artery, and pulmonary capillary wedge pressure.

PERICARDIAL EFFUSION

The diagnosis of pericardial effusion in the setting of cirrhosis may be suspected by
a patient’s symptoms of dyspnea and physical examination findings of ascites and ele-
vated jugular venous pressure. Chest radiography may be helpful if enlargement of the
heart is seen. The diagnosis of pericardial effusion is established by transthoracic echo-
cardiography, which can assess size of the effusion, as well as cardiac compromise or tam-
ponade physiology. Pericardial effusion has been found in up to 63% of echocardiograms
performed in patients with decompensated cirrhosis (65).
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CIRRHOTIC CARDIOMYOPATHY

Cirrhotic cardiomyopathy is the result of both structural and functional cardiac abnor-
malities. It is defined by a constellation of findings including myocardial hypertrophy,
diastolic dysfunction, and inappropriate chronotropic and inotropic responses to stress
or exercise (62,63,66–69). An elevation in pulmonary capillary wedge pressure and pul-
monary hypertension may be seen as a result of pulmonary venous excess. Transthoracic
echocardiography is an important tool in the evaluation of cirrhotic cardiomyopathy. Dia-
stolic dysfunction is suggested by an increased isovolumic relaxation time and reduced
E/A ratio in the setting of a dilated left atrium (66). Cardiopulmonary exercise testing can
also be a useful tool to assess cardiac response to exercise if there is a suspicion of under-
lying cardiomyopathy.

BNP levels correlate with interventricular septal wall thickness, left ventricular diam-
eter at the end of diastole, and deceleration time and, may be a useful marker in the screen-
ing of patients with cardiac complications of cirrhosis (70). In patients with cirrhosis,
circulating BNP has been shown to be related to severity of liver disease (Child score,
serum albumin, hepatic venous pressure gradient) and to markers of cardiac dysfunction
(QT interval, heart rate, plasma volume) but not to other measures of hyperdynamic cir-
culation (71). This tool deserves further evaluation in this patient population.

Management

CARDIAC EFFECTS OF LARGE PLEURAL EFFUSIONS

Sodium restriction and diuretics may be used in attempts to control the pleural effusion,
however, in patients with cardiac compromise and tamponade physiology due to a large
pleural effusion, thoracentesis is the treatment of choice to relieve cardiac compression
and hemodynamic compromise. Following thoracentesis, other considerations for control
of the pleural effusion include repair of diaphragmatic defects, TIPS, and OLT (60,61).

PERICARDIAL EFFUSION

Pericardial effusions are related to the degree of fluid retention in decompensated cir-
rhosis and respond to the treatment and resolution of ascites (64,65). A case report has also
been published regarding resolution of a moderate sized pericardial effusion in a patient
with primary biliary cirrhosis treated with colchicine and ursodeoxycholic acid (72).

CIRRHOTIC CARDIOMYOPATHY

The management of cirrhotic cardiomyopathy focuses on sodium restriction and diure-
tic therapy. The diastolic dysfunction that occurs may be related to an increased plasma
volume commonly seen in cirrhotic patients. Liver transplantation has been shown to
improve exercise tolerance and cardiac function (73).

CONCLUSION

A spectrum of both cardiac and pulmonary complications can occur in the setting of por-
tal hypertension. This chapter has focused on hepatopulmonary syndrome, portopulmo-
nary hypertension, hepatic hydrothorax, and cardiac complications of cirrhosis. It is impor-
tant to systematically assess patients with cirrhosis especially in the presence of symptoms
including dyspnea, edema, and reduced exercise tolerance. Useful studies to consider
include chest radiography, pulmonary function testing, transthoracic echocardiography
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(with contrast enhancement and Doppler assessment of the right ventricle), arterial
blood gases on room air, and potentially right and/or left heart catheterization. For patients
undergoing liver transplantation evaluation, it is imperative to screen for hepatopulmo-
nary syndrome and portopulmonary hypertension for reasons discussed herein.
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INTRODUCTION
Health status measurement in patients with cirrhosis and portal hypertension has

received increasing attention from clinical investigators in recent times. This is based
primarily on the continued absence of curative therapies for disease-related complications
outside of liver transplantation. Patients with cirrhosis and portal hypertension have
significant reductions in health status compared to general and select disease popula-
tions. Early detection and treatment of particular symptoms including muscle cramps
and subclinical hepatic encephalopathy may afford the opportunity to improve quality
of life in selected individuals. The use of health status as a study end point in controlled
clinical trials requires further study on the responsiveness of existing liver disease-spe-
cific questionnaires. In conjunction with determining health status among patients with
cirrhosis and portal hypertension, a number of investigations have sought to determine
the cost effectiveness of clinical strategies for the prevention and treatment of disease-
related complications. Further investigations of patient-based preferences for health states,
however, are needed to fully understand the magnitude of net health benefits received
from existing health care programs.

HEALTH-RELATED QUALITY OF LIFE
IN CIRRHOSIS AND PORTAL HYPERTENSION

Purpose of Health Status Assessment
Health-related quality of life (or health status) is defined as a multidimensional construct

consisting of domains which capture an individual’s experience related to the presence or
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absence of illness. The major domains involve physical, mental, and psychosocial fac-
tors. Identifying the extent of impairments in health status has allowed for an improved
understanding of differences in clinical outcomes associated with similar chronic con-
ditions (1,2). In recent years, the development of instruments using psychometric tech-
niques has provided a more accurate representation of health status for an individual or
population (3).

Health status measurement in patients with cirrhosis and portal hypertension has also
received attention from clinical investigators. This is based primarily on the continued
absence of curative therapies for disease-related complications. In addition, the impact
of symptoms and toxicities of supportive therapy can be identified with health status mea-
surement (1–3). Symptom severity, in particular, does not consistently correlate with
pathophysiologic consequences of hepatic dysfunction described by existing summary
measures of disease severity including the Child–Turcotte–Pugh (CTP) and Model for
End-Stage Liver Disease (MELD) scores (4–6). In turn, the goal of health status measure-
ment is to also identify a single number which captures the level of functional impair-
ment resulting from cirrhosis.

SYSTEMIC EFFECTS OF CIRRHOSIS

The pathophysiologic processes associated with cirrhosis and portal hypertension are
also responsible for systemic effects that contribute to overall disease status and health-
related quality of life.

Fatigue is a common and potentially disabling symptom in patients with cirrhosis. As
observed with many chronic diseases, the severity of fatigue is often independent of
disease stage and underlying etiology (7). The absence of an objective index to quantify
fatigue, however, has limited the understanding of its origin and subsequent development
of potential therapies.

The estimated prevalence rate of depression in patients with cirrhosis (8) is 30% and
similar to our experience among patients referred for liver transplant evaluation (unpub-
lished). High-risk subgroups include those individuals with a prior history of depression
and substance abuse. The psychosocial impact of disease progression and recurrent hos-
pitalization for portal hypertensive complications has not been formally studied.

Sleep disorders are increasingly recognized but their frequency in association with cir-
rhosis remains underreported. When studied in a systematic fashion, an estimated 50%
of patients without overt hepatic encephalopathy have evidence for poor sleep hygiene
compared to healthy controls (9). Disruption of the circadian sleep–wake cycle rather
than advanced liver disease or cognitive impairment is predictive of sleep disturbance
in cirrhosis.

A number of investigations have documented increased prevalence rates for severe
muscle cramps in patients with cirrhosis. Selected reports document frequencies between
52% and 88% (10–12). The underlying pathophysiology, however, remains unknown.
The occurrence of muscle cramps is independent of the liver disease etiology, severity
of cirrhosis, diuretic use, or serum electrolyte alterations. Reductions in effective arterial
volume (6) may be the pathophysiologic alteration responsible for this troubling and under-
estimated symptom.

Health Status Questionnaires
Since the early 1980s, a number of standardized generic health status questionnaires

have been developed for investigative use (13). The most common questionnaires used
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in studies of cirrhosis are the Short Form 36 (SF-36) Health Survey, Sickness Impact
Profile, and Nottingham Health Profile. Based on concerns that generic questionnaires
do not address unique problems experienced by patients with cirrhosis, several liver dis-
ease-specific questionnaires have been developed using psychometric (14,15) or module-
based techniques (16). For all questionnaires, however, the ability to make accurate health
status assessments depends on their inherent reliability and validity.

RELIABILITY OF HEALTH STATUS INSTRUMENTS

Reliability is defined as the dependability of a questionnaire independent of its method
of construction. Measures of reliability include internal consistency and test-retest reli-
ability. Internal consistency is defined by how well items in a questionnaire are measur-
ing health status. Cronbach’s alpha is a statistical method which is based on the average
correlation between items in a questionnaire (values range from 0 to 1). A Cronbach’s
alpha level of 0.7 or greater is associated with acceptable levels of reliability for health
status questionnaires. Test-retest reliability is defined as the stability of a questionnaire in
measuring health status on repeated occasions. Test-retest reliability coefficients between
0.80 and 0.90 are considered acceptable although values as low as 0.50 have also been rec-
ognized as satisfactory (13,17).

VALIDITY OF HEALTH STATUS INSTRUMENTS

The two most important forms of validity are termed content and construct validity.
Content validity measures the completeness of items within a questionnaire that captures
the salient features of health status. Construct validity is defined by a questionnaire’s abil-
ity to discriminate between different levels of impaired health status and between individ-
uals. This is strengthened by documenting some degree of correlation to well-established
clinical parameters of the disease under study. The responsiveness of a questionnaire is
defined by its ability to detect changes in health status with disease progression and/or
treatment effects over time. The inability to detect a negative change in health status when
previously reported at its lowest level has been termed the “floor effect.” Conversely,
the inability to detect positive changes in health status from a previous maximum rating
is termed the “ceiling effect” (13,17). These effects can significantly limit the accuracy of
health status assessment and occur more frequently with generic rather than disease-spe-
cific questionnaires.

The cross-sectional reliability and validity of selected generic and all disease-specific
questionnaires in patients with cirrhosis has been demonstrated. None of the liver dis-
ease-specific instruments, however, has been shown to contain the ability for evaluating
change in health status over time.

Results of Health Status Assessment
in Cirrhosis and Portal Hypertension

The majority of cohort studies to date have used generic questionnaires for cross-sec-
tional assessments of health status. When disease-specific questionnaires are used, they
appear to have better discriminatory ability among patients with varying disease severity
compared to generic instruments (14–16,18). Nonetheless, a number of recurrent themes
among published investigations have been observed. For the purposes of generalizability,
the results that follow do not include studies focusing only on patients referred for liver
transplantation.
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The reported health status among patients with cirrhosis is markedly reduced com-
pared to healthy or general populations. Reductions in physical function are the most
dramatic when compared to mental function. In general, older individuals with cirrhosis
report greater impairments in health status compared to younger patients. Overall health
status, however, does not appear to be strongly influenced by sex, disease etiology, or
duration of liver disease (19–23). Notably, the presence of muscle cramps has been most
strongly associated with impairments of both physical and mental function. Interven-
tions such as endoscopic sclerotherapy for prior variceal bleeding and nutritional supple-
mentation have been associated with improved health status (19).

Impaired physical function is consistently the most common reason for reduced health
status in patients with cirrhosis using generic (19–23) and disease-specific questionnaires
(14–16,21). Decompensated liver disease with ascites and hepatic encephalopathy further
reduce health status compared to compensated individuals (19–23). The need for hospi-
talization and medication use with β-blockers and oral diuretics are strongly correlated
with reduced physical function (19). In some individuals with cirrhosis, reductions in
health status may even be greater than impairments reported by selected individuals with
congestive heart failure and chronic obstructive pulmonary disease (21).

Although increasing CTP classification is associated with greater reductions in physi-
cal function, the correlation between these variables is relatively weak (19–23). This is
not surprising given that some patients with mild disease severity can report significant
health status impairments based on symptoms (i.e., fatigue) rather than obvious clinical
manifestations such as ascites. Decreased peripheral muscle strength (24) and reduced
exercise capacity (25,26), both of which are associated with poor physical function, are
also not captured by CTP or MELD scores. Notably, the presence of anxiety/depression
(elicited by generic questionnaire) rather than cardiac structural abnormalities was asso-
ciated with impaired health status in patients with cirrhotic cardiomyopathy (27).

Health status questionnaires have described only mild impairments in emotional and
psychological function among patients with varying degrees of cirrhosis (14,15,18). The
level of impairment does not decline with advancing liver disease as seen with physical
function. From one investigation, the presence of sexual dysfunction and inability to work
was strongly associated with reduced mental function among men with cirrhosis. Curtail-
ments in social and home activities were of greatest concern to women (19).

Despite advances in the understanding of health status related to cirrhosis, several issues
require further study. Information regarding the method of questionnaire administra-
tion, selection of patients, and handling of missing data has not been universally reported
in all studies which raises concerns about selection bias. Similarly, the majority of studies
involve referral-based populations whose self-reporting of health status is likely to differ
from patients with milder disease who reside in the community. The majority of studies
also do not systematically account for the effect of comorbid illness as a major contribu-
tor to impaired health status. The absence of greater emotional disturbance with increas-
ing disease severity may reflect deficiencies with current disease-specific questionnaires
based on their development using populations with milder disease severity.

Specific Hepatic Disease Etiologies
CHRONIC HEPATITIS C

Several investigations have documented significant reductions in health status among
patients with chronic hepatitis C-related cirrhosis in comparison to general populations
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and patients with precirrhotic stage disease (28–37). Unselected individuals report greater
impairments in health status compared to study participants (30). Comorbid illness may
also further impair health status (30,31). Of note, a history of substance abuse has not
been shown to influence health status (30) although active psychiatric disease is an im-
portant determinant of poor function (32,33). Among patients enrolled in registration
trials for interferon-based therapy (34–37), an improvement in health status following
successful viral eradication compared to baseline values has been observed with com-
pensated cirrhosis. For patients with advanced cirrhosis requiring liver transplantation,
significant improvements in health status within the first year after surgery have also been
observed (38,39).

CHOLESTATIC LIVER DISEASE

Impaired health status from cirrhosis secondary to primary biliary cirrhosis (PBC)
and primary sclerosing cholangitis (PSC) have been demonstrated when compared to
healthy individuals and patients with precirrhotic stage (16,40). Correlations between
increasing Mayo risk score and reduced health status are better detected with disease-
specific questionnaires for both conditions (40). The importance of fatigue as a primary
determinant of health status in PBC is recognized by several published investigations to
date (41–43). The effect of medical therapy with ursodeoxycholic acid on health status in
PBC, however, remains unknown. Short-term improvements in health status following
liver transplantation have also been observed in adults with cholestatic liver disease (44).

Impact of Disease-Related
Complications on Health Status

VARICEAL BLEEDING

Treatment approaches for acute variceal bleeding have resulted in greater survival
rates over time (45). Consequently, the impact of surviving a variceal bleed on health
status may also be important in affected patients. Administration of the liver disease-
specific NIDDK-QA questionnaire, however, did not reveal any significant differences
in health status between patients with and without a prior history of variceal bleeding (46).
Study limitations including recall bias and the absence of specific questions about vari-
ceal bleeding may have contributed to this negative result. More importantly, there have
been no published data examining health status in patients undergoing primary prophy-
laxis for esophageal variceal bleeding.

For patients with recurrent variceal bleeding, both short- and long-term (greater than
1 yr) gains in health status were initially reported following transjugular intrahepatic
portosystemic shunt (TIPS) placement. Significant loss to follow-up from death and use
of the Karnofsky scale (which measures physical activity alone) limit the external valid-
ity of these results (47). In contrast, impaired emotional function from neuropsychologic
dysfunction has been observed following TIPS placement for recurrent variceal bleeding
(48). Improvements in emotional function and fatigue subscale scores with the SF-36
Health Survey noted from a recent study are limited by retrospective methods of health
status assessment and subsequent recall bias (49). A prospective, randomized controlled
trial showed no difference in health status among patients treated with medical therapy
or TIPS to prevent recurrent variceal bleeding. Absence of a disease-specific question-
naire and the inability to detect minimal change with the Nottingham Health Profile may
have been responsible for the observed results (50).
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ASCITES

In patients with mild to moderate ascites, the use of oral diuretics is responsible for
reduced health status based primarily on adverse drug effects (19). For the treatment of
severe or refractory ascites, the majority of health status investigations have focused on
the impact of TIPS placement. Significant gains in health status were initially reported in
patients undergoing TIPS placement for refractory ascites. Significant losses to follow-
up from death and retrospective methods of health status assessment, however, limit the
validity of study results (47,51). In 21 patients undergoing repeated large-volume para-
centesis for at least 1 yr (52), the greatest improvements in health status were reported
among patients with a complete response following TIPS placement. The major absence
of a control group limits the applicability of these findings. Recently, the use of medical
therapy (including total paracentesis) versus medical therapy and TIPS was examined
in a multicenter, randomized control trial. Despite improvements in control of ascites,
there were no differences between groups in terms of survival or health-related quality
of life measured by the SF-36 Health Survey (53). Again, the use of liver disease-specific
questionnaires may have provided further details about the experiences of patients in
each treatment arm.

HEPATIC ENCEPHALOPATHY

Three studies have been published which examine the specific impact of hepatic enceph-
alopathy on health status in patients with cirrhosis (54–56). Individuals with subclinical
hepatic encephalopathy have greater reductions in health status measured by the generic
Sickness Impact Profile questionnaire compared to patients with cirrhosis alone. In this
study, subclinical hepatic encephalopathy was independently related to a reduced Sick-
ness Impact Profile score (54). Similar results among patients eligible for liver transplan-
tation in the United States with subclinical and overt hepatic encephalopathy have been
reported using the SF-36 Health Survey (55). With compensated cirrhosis, the presence
of subclinical hepatic encephalopathy was associated with significant reductions in men-
tal function scores alone. Among patients residing in Germany, the occurrence of pre-
mature workforce retirement owing to subclinical hepatic encephalopathy is strongly
correlated with reduced health status independent of age or liver disease severity (56).

HEPATOCELLULAR CARCINOMA

The most common risk factor for developing hepatocellular carcinoma (HCC) is cir-
rhosis (57). Following operative resection of HCC in eligible patients, a reported increase
in health status is observed when compared to individuals with unresectable disease
undergoing transarterial chemoembolization (58). Longitudinal declines in health status,
however, are observed among surgically treated patients who experience recurrent HCC.
From a subgroup analysis of a large cohort study, the presence of greater impairments
in physical function, reported pain, and sleep was reported in patients with HCC vs con-
trols with cirrhosis alone. For affected patients with HCC, health status was independent
of tumor burden or hepatic disease severity, although disease-specific questionnaires were
not administered (59). Specific information about health status among patients with cir-
rhosis enrolled in screening and surveillance programs for HCC are not available.

NUTRITION

The importance of proper nutrition in the medical management of cirrhosis has received
increasing attention (60). Improved 1-yr survival, stabilization of liver disease, and re-
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duced hospitalization rates have been reported following the use of branched-chain amino
acids (BCAA) in controlled trial settings (61). Compared to individuals given lactoalbu-
min or maltodextrin as nutritional supplements, patients with advanced cirrhosis receiv-
ing BCAA also reported statistically significant improvements in physical function com-
pared to baseline values. The proportion of patients reporting poor health status decreased
from 19% at baseline to 3% after 1 yr of BCAA therapy. Confirmatory studies examining
the impact of nutrition on health status are awaited.

Health Status Assessment as a Clinical Trial End Point
Given the evidence in support of cross-sectional reliability and validity, the next chal-

lenge for health status questionnaires in patients with cirrhosis and portal hypertension
is their use in clinical trial settings. Primary study end points including survival, time to
treatment failure, or surrogate marker improvement are too insensitive for capturing
important health effects. Information about the overall effects of novel treatment (com-
pared to placebo or standard therapy) would be helpful for decision-making purposes to
both clinicians and patients. The major limitation of longitudinal health status assessment
in clinical trials is determining what represents a minimum clinically important differ-
ence (MCID) (62). It has been suggested that the psychometric properties of health status
questionnaires and correlations with global reports of change following treatment are
required for determining the MCID. In clinical trials, however, the average response to
a therapeutic intervention is often chosen as an end point. With reported health status as
the end point, this approach may not reflect the actual distribution of individual responses
found in a treatment group (63). Further work in this area is necessary before firm conclu-
sions about methodology can be reached.

Health State Utilities in Cirrhosis and Portal Hypertension
The majority of health status questionnaires allow respondents to rate their perceived

health status with a quantitative value to allow for comparisons between other patient pop-
ulations. Changes in an individual patient’s health status can also be measured in terms
of effects (i.e., life years gained from an intervention)or the values placed on health status
(64,65). The values place on health status have been termed health state preferences or
utilities.

Health state utilities are determined by asking respondents about their threshold for
risk in obtaining a desired outcome (e.g., the number of days given up for a current state
of health to achieve 1 d of improved or perfect health). The elicited threshold is equiva-
lent to the utility placed on an individual’s current health state (65,66). The basis of tech-
niques to determine health state utility reside in economic theories of risk and utilitarian-
ism. Fortunately, a number of assessment methods now exist which facilitate improved
understanding for patients when utility values are being sought. The importance of health
state utilities is underscored by formal recommendations to include these values for prop-
erly conducting economic analyses of health care programs (66).

Two published investigations of health state preference in patients with cirrhosis are
noted in refs. 67 and 68. Results are varied depending on the techniques used. Overall,
a relationship between declining health state utilities and worsening hepatic function is
observed. Further investigations including the accuracy of longitudinal responses in clini-
cal trial settings are eagerly awaited.
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ECONOMIC ANALYSES
IN CIRRHOSIS AND PORTAL HYPERTENSION

Background
Based on the recognition of limited resources, there is continued emphasis placed on

identifying strategies or programs associated with optimal health care delivery. For eco-
nomic evaluations of health care programs, a comparative analysis between alternate
courses of action is required for decision-making at a policymaking level. The evalua-
tion of a single program, which often results in a description of cost or outcome, is useful
to estimate disease burden but is not considered an economic analysis based on the absence
of a comparator program.

A number of methods have been developed for the economic evaluation of two or more
competing strategies. Common to these designs is the determination of a ratio between
consequences of health (outcomes) and the cost required to execute the program or strat-
egy. For example, when outcomes of two or more alternative strategies are considered
equivalent, the comparative study that is performed is called a cost-minimization analy-
sis. In the medical literature, the most commonly employed technique is known as a cost-
effectiveness analysis. The cost-effectiveness analysis defines that consequences of health
are not valued by monetary indices but by metrics such as “quality of life years (QALY)
gained.” When comparing two or more strategies, the unit of measurement employed in
these studies is called an incremental cost-effectiveness ratio (ICER). The recommended
metric for ICER is “cost per QALY” as the description of health benefits appears to be
most well described by this nomenclature (69,70).

In the performance of economic analyses, a number of elements are required. These
include: (1) a complete description of both costs and health outcomes; (2) the inclusion and
complete description of a competing alternative strategy; (3) the identification of evi-
dence to support previously established effectiveness; and (4) the appropriate valuation
and inclusion of relevant costs. The importance of conducting evaluations with standard-
ized methods is to allow for relevant comparisons between different programs to deter-
mine resource allocation priorities. Differences in resource availability, clinical practice
patterns, and availability of alternate strategies may affect the results of economic eval-
uations (69,70).

Specific Disease-Related Complications
in Cirrhosis and Portal Hypertension

ACUTE VARICEAL BLEEDING

The cost of managing acute variceal bleeding ranges between $15,000 and $50,000
(U.S.) per individual patient (71–73). Severity of liver disease, duration of intensive care
unit stay, and blood transfusion requirements are significant factors that increase cost
(71). In terms of cost per health benefit, there are no cost-effectiveness analyses reported
that examine particular aspects in the management of variceal bleeding. However, the
use of parenteral vasoconstrictors compared to strategies without these pharmacologic
agents is associated with an additional cost of approx $26,000 (U.S.) per life saved (73).
Lower 2-yr costs per patient for endoscopic sclerotherapy compared to nonendoscopic
therapies were reported from the 1980s before the advent of widespread band ligation (74).
A retrospective study of patients with acute gastric variceal bleeding demonstrated lower
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costs with N-butyl-2-cyanoacrylate (Histoacryl) glue therapy vs TIPS ($4138 vs $11,906
per patient treated) (75). In the absence of health state utility assessment, the overall
effectiveness of either modality remains uncertain. From a controlled trial comparing
endoscopic sclerotherapy with band ligation therapy where economic data were pro-
spectively collected (76), the initial use of band ligation for acute variceal bleeding was
associated with increased costs based on higher treatment failure rates. Effectiveness
was measured, however, in terms of “life year saved” or “bleed prevented” without con-
sideration of measured or estimated health state utilities.

PRIMARY PROPHYLAXIS FOR ESOPHAGEAL VARICEAL HEMORRHAGE

The cost-effectiveness of primary prophylaxis against esophageal variceal bleeding
has been investigated in four published studies (77–80). Natural history simulation with
Markov state-transition models was used in all instances. Strategies that were commonly
examined included observation alone, screening for esophageal varices followed by treat-
ment with β-blockers or band ligation, and universal β-blocker prophylaxis without screen-
ing. In three studies which included the costs of screening endoscopy, the most cost-effec-
tive strategy was universal prophylaxis with β-blockers which ranged between $1200
and $12,000 per life year saved (78–80). The widespread application of this strategy in
clinical practice, however, remains questionable. Potential reasons include the absence
of patient-elicited health state utilities accounting for clinical issues related to β-blocker
use and diverging results about which subgroup would benefit the most from this strategy
(CTP class A or CTP class B/C). Conflicting data also exist about the cost effectiveness
of hepatic venous pressure gradient monitoring for primary prophylaxis with β blockers
(81,82). Prospective study for definitive results will be required.

SECONDARY PROPHYLAXIS FOR ESOPHAGEAL VARICEAL HEMORRHAGE

A single cost-effectiveness analysis examining medical, endoscopic, and TIPS strate-
gies for the prevention of recurrent variceal hemorrhage has been reported (83). In a 3-yr
period, a combination of medical therapy with endoscopic band ligation was declared
as the most cost-effective approach. The use of TIPS was favored only when patient adher-
ence rates for competing strategies fell below 12%. Estimated patient preferences for
medical therapy also influenced the model’s results.

The majority of recent studies on TIPS for secondary prophylaxis, however, have
focused on its economic impact alone. When compared to combination β-blocker and oral
nitrate therapy, the use of TIPS was associated with greater costs despite higher recurrent
bleeding rates with medical therapy (84). No difference in survival was observed between
prophylaxis strategies. Secondary cost analyses from three investigations comparing the
efficacy of TIPS with endoscopic therapy have been reported (85–87). When compared
to endoscopic sclerotherapy, a greater long-term cost is associated with TIPS based on the
development of shunt dysfunction and hepatic encephalopathy (85,86). A lower cost per
patient, however, is observed with TIPS compared to band ligation therapy when only hos-
pitalization costs are measured (87). From the only published economic analysis on this
topic (88), the incremental cost-effectiveness ratio for TIPS vs sclerotherapy or band liga-
tion over 1 yr ranged between $8800 and $12,660 per variceal bleed prevented. Increases
in procedure-related costs and TIPS stenosis rates above 80% favored endoscopic ther-
apy. Despite similar mortality rates for each strategy, the use of patient-based utilities for
calculating quality-adjusted life-years was not performed.
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For patients with CTP class A or B cirrhosis, the use of surgical shunt therapy is asso-
ciated with fewer rebleeding episodes and reduced long-term costs compared with TIPS
(89,90). In a subsequent economic analysis, however, the incremental cost-effectiveness
ratio for TIPS vs distal splenorenal shunt therapy was unfavorable at $147,340 per life
year saved (91).

ASCITES AND SPONTANEOUS BACTERIAL PERITONITIS

For the treatment of refractory or recividant ascites, the use of large volume paracen-
tesis or TIPS is often used in clinical practice. Recent studies demonstrate no advantage
in survival from TIPS although control of ascites is better compared to medical therapy
(53,92,93). Unfortunately, there is no cost-effectiveness analysis published to date which
compares both strategies. However, a multicenter, randomized study of patients with re-
fractory ascites from the United States and Spain reported cost increases between 44 and
103% for TIPS when compared to serial large volume paracentesis (94). In both coun-
tries, the follow-up costs required for TIPS management exceeded the initial procedural
costs.

Mortality rates from spontaneous bacterial peritonitis (SBP) have declined over the
past two decades (95). Three investigations have examined the cost effectiveness of
antibiotic prophylaxis for SBP. For patients at high risk (ascitic fluid total protein con-
centrations ≤1 g/dL or a previous history of SBP), the use of either norfloxacin or tri-
methoprim-sulfamethoxazole (TMP-SMX) was associated with a decrease in total costs
for SBP treatment between $4692 and $9251 per patient, respectively (96,97). Smaller
differences between antibiotic prophylaxis and no treatment are observed when lower
inpatient treatment costs for SBP are assumed (98). The cost per life-year saved in one
study was estimated between $10,890 and $16,538 with antibiotic prophylaxis compared
to no therapy (99). However, the 20% annual probability rate for recurrent SBP assigned
to TMP-SMX has not been demonstrated clinically (99,100). In addition, the weekly
administration of ciprofloxacin was not included as a potential strategy despite proven
efficacy (101). The assumption in all three studies that efficacy of antibiotic prophylaxis
is stable over a 1-yr period requires prospective confirmation. No study incorporated
measured or estimated health state utilities to determine the quality-adjusted life years
gained from antibiotic prophylaxis.

HEPATOCELLULAR CARCINOMA

Despite objective evidence for the rising incidence of HCC in patients with cirrhosis,
the cost effectiveness of early detection programs to improve survival and reduce mor-
bidity remains controversial (102–104). Three investigations focused on screening and
surveillance for HCC in unselected populations have been published (105–107). The
majority of studies have compared serum α fetoprotein (AFP) with abdominal ultrasound
at 6-mo intervals vs no screening. ICER of screening and surveillance, however, vary
widely between $25,000 and $284,000 per life year saved. When all potential treatment
options are considered (including ablative maneuvers, operative resection, and trans-
plantation), the use of serum AFP with ultrasound every 6 mo is associated with an ICER
of $112,993 per life year saved compared to no screening (106). In this analysis, however,
the use of charges rather than costs suggests that ICER values may actually be more favor-
able. Only one study (107) used elicited or assumed health state utility data for assessing
benefit in terms of QALY. Notably, an estimated ICER between $25,000–$27,000 per
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QALY with serum AFP plus ultrasound or computed tomography (CT) was reported in
transplant-eligible patients with chronic hepatitis C. Notably, this is the only investiga-
tion where ICER values are below $50,000 per QALY which is generally considered an
acceptable threshold for determining the value of medical surveillance programs in the
United States. The failure to account for costs of recall procedures and therapeutic inter-
ventions for HCC was rarely observed in these studies (105).

A number of cost-effectiveness studies in selected populations with HCC have also
been reported. Among patients eligible for either operative resection or liver transplan-
tation (108), an ICER between $44,000 and $184,000 per additional year gained was
observed if waiting time to transplant is less than 6–10 mo. When salvage liver transplan-
tation is considered following initial operative resection vs primary liver transplantation
(109), an ICER less than $50,000 per additional year gained is observed only for waiting
times less than 12 mo. Similar results with operative resection as preadjuvant therapy
in compensated liver transplant recipients are observed for waiting times beyond 12 mo
(110). The cost-effectiveness of ablative therapy for HCC in patients waiting for liver
transplantation is estimated between $50,000 and $100,000 per life-year saved (111).
For patients with decompensated cirrhosis awaiting liver transplantation, the use of per-
cutaneous ethanol injection therapy resulted in a cost effectiveness of $23,000 per life-
year saved (111). Although many of these ICER values are considered cost ineffective,
the assignment of elevated MELD scores for liver transplant recipients with HCC in the
United States could improve the value of these strategies based on shorter waiting times.
In areas where timely cadaveric liver transplantation remains problematic, the use of
living donor liver transplantation appears cost effective (<$50,000 per QALY) when the
waiting time exceeds 7 mo and high dropout rates from disease progression exist (112).

A single investigation of adjuvant interferon therapy after surgical resection for chronic
hepatitis C-associated HCC was declared cost effective compared to observation alone
(113). Assumptions in this study regarding the true incidence of recurrent HCC after inter-
feron therapy, which are based on uncontrolled data, require prospective confirmation.
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INTRODUCTION

Increased resistance to portal blood flow leading to portal hypertension is the main
cause of morbidity and mortality in patients with chronic liver disease, and reflects two
parallel yet interrelated processes. First, the wound healing response to liver injury
generates increased extracellular matrix (fibrosis) and the formation of regenerative
nodules, which lead to architectural distortion that impedes intrahepatic blood flow.
Second, dynamic sinusoidal changes caused by increased contractility of stellate cells
in the perisinusoidal space also increase intrahepatic vascular resistance. The relative
contribution of each of these components is difficult to quantify and may vary with the
etiology and stage of fibrosis, but together they represent a key target for antifibrotic and
vasoregulatory therapies. Clearly, the most effective therapy to treat hepatic fibrosis is
to remove the causative agent. However, therapies that are able to retard or reverse the
fibrotic response and/or inhibit stellate cell contraction could have a dramatic impact on
the treatment of patients with chronic liver disease. This chapter reviews the cellular
basis of hepatic fibrosis and increased intrahepatic vascular resistance, and how these
insights are yielding novel approaches to the treatment of chronic liver disease.
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CELLULAR BASIS OF HEPATIC FIBROSIS
AND PORTAL HYPERTENSION

Cellular Basis of Hepatic Fibrosis
The hepatic stellate cell (previously called lipocyte, Ito, fat-storing, or perisinusoidal

cell) is the primary source of the extracellular matrix in normal and fibrotic liver. Hepatic
stellate cells are resident perisinusoidal cells in the subendothelial space between hepato-
cytes and sinusoidal endothelial cells. They are the primary site for storing retinoids and,
therefore, can be recognized by their vitamin A autoflouresence in normal unfixed liver
and following their isolation. In addition, their perisinusoidal orientation and expression
of the cytoskeletal proteins desmin, glial acidic fibrillary protein and smooth muscle
actin (in injured liver) facilitate their identification in situ (1).

Studies in both animals and humans with progressive injury have defined a gradient of
changes within stellate cells that collectively are termed “activation” (Fig. 1). Stellate
cell activation refers to the transition from a quiescent vitamin A-rich cell to a highly fibro-
genic cell type characterized morphologically by enlargement of rough endoplasmic
reticulum, diminution of vitamin A droplets, ruffled nuclear membrane, appearance of
contractile filaments, and proliferation. Proliferation of stellate cells generally occurs in
regions of greatest injury, which is typically preceded by an influx of inflammatory cells
and is associated with subsequent extracellular matrix accumulation.

Stellate cell activation, the central event in hepatic fibrosis, can be conceptualized as
occurring in at least two stages: (1) initiation and (2) perpetuation. Initiation refers to early
events encompassing rapid changes in gene expression and phenotype that render the cells
responsive to cytokines and other stimuli. It results from paracrine stimulation caused
by rapid, disruptive effects of liver injury on the homeostasis of neighboring cells and
from early changes in ECM composition. Perpetuation incorporates those cellular events
that amplify the activated phenotype through enhanced cytokine expression and respon-
siveness and involves at least seven discrete changes in cell behavior: (a) proliferation;
(b) chemotaxis; (c) fibrogenesis; (d) contractility; (e) matrix degradation; (f) retinoid
loss; (g) WBC chemoattractant and cytokine release. Either directly or indirectly, the net
effect of these changes is accumulation of extracellular matrix, architectural distortion,
and gradual increase in intrahepatic resistance ultimately leading to clinically signifi-
cant portal hypertension.

The paradigm of stellate cell activation provides an important framework to define sites
of antifibrotic therapy. These include: (a) Cure the primary disease to prevent injury. (b)
Reduce inflammation or the host response to avoid stimulating stellate cell activation.
(c) Directly downregulate stellate cell activation. (d) Neutralize proliferative, fibrogenic,
contractile and/or proinflammatory responses of stellate cells. (e) Stimulate apoptosis of
stellate cells. (f) Increase the degradation of scar matrix, either by stimulating cells which
produce matrix proteases, downregulating their inhibitors, or by direct administration
of matrix proteases.

Cellular Basis of Intrahepatic Portal Hypertension
Our understanding of the molecular basis of increased intrahepatic resistance in chronic

liver disease is steadily expanding. A brief overview is provided here to set the stage for
a review of therapies to treat intrahepatic portal hypertension. The microvascular unit of
the liver, the sinusoid, is remarkably similar to peripheral capillary beds. Sinusoids are
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lined by endothelial cells, and on their basal surface are stellate cells within the space of
Disse. Hepatic stellate cells resemble tissue pericytes, a cell population that has smooth
muscle features and is thought to regulate blood flow by modulating pericapillary resis-
tance (2). During stellate cell activation, they increase their expression of the contractile
protein α smooth muscle actin. Incubation of isolated human stellate cells with vasocon-
strictors such as angiotensin II and thrombin, leads to phenotypic changes including
cellular rounding, which are associated with increased intracellular calcium (3). Further-
more, studies using in vivo microscopy to colocalize sinusoidal constriction with associ-
ated autoflourescence (4–7), provide more direct evidence that stellate cells are contractile
and can regulate intrahepatic blood flow. In summary, the contractile phenotype and peri-

Fig. 1. Phenotypic features of hepatic stellate cell activation during liver injury and resolution.
Following liver injury, hepatic stellate cells undergo “activation,” which connotes a transition from
quiescent vitamin A-rich cells into proliferative, fibrogenic, and contractile myofibroblasts. The
major phenotypic changes after activation include proliferation, contractility, fibrogenesis, matrix
degradation, chemotaxis, retinoid loss, and WBC chemoattraction. Key mediators underlying these
effects are shown. The fate of activated stellate cells during resolution of liver injury is uncertain but
may include reversion to a quiescent phenotype and/or selective clearance by apoptosis. Reprinted
with permission from Friedman SL, Molecular regulation of hepatic fibrosis, an integrated cellular
response to tissue injury. J Biol Chem 2000;275:2247–2250.
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sinusoidal orientiation of stellate cells make them ideally positioned to regulate sinusoidal
blood flow.

The increased intrahepatic vascular resistance characteristic of cirrhosis is thought to
arise from an imbalance between vasodilator/vasoconstrictor forces that regulate hepa-
tic vascular tone. Therefore, treatment strategies targeted to either inhibit contraction or
stimulate relaxation of activated stellate cells and other vascular elements could decrease
intrahepatic portal pressure, as reviewed below.

ANTIFIBROTIC AGENTS
Fibrosis Reversibility

A key issue in defining treatments for hepatic fibrosis is the point at which accumu-
lation of matrix is no longer reversible. The exact moment at which fibrosis becomes
irreversible is unknown, either in terms of a histologic marker or a specific change in the
matrix composition or content. Dense cirrhosis with nodule formation, portal hyperten-
sion, and early liver failure is generally considered irreversible, but less advanced lesions
can show remarkable reversibility when the underlying cause of the liver injury is con-
trolled, or possibly by other therapeutic interventions. The ideal antifibrotic would be the
one that could be easily delivered, is well tolerated, has high liver specificity, and pro-
motes the resorption of excess interstitial matrix without abolishing the salutary effects
of the normal hepatic ECM. The goal is not necessarily to abrogate fibrosis entirely, but
rather to attenuate its development so that patients with chronic liver disease do not suc-
cumb to the end organ failure that it creates (e.g., portal hypertension, ascites, liver failure).
Although no therapy yet meets these goals, the framework for developing such treat-
ments is in place. As a general rule, the currently available antifibrotic therapies have been
directed against suppressing hepatic inflammation rather than subduing fibrosis. In the
future, targeting of stellate cells and fibrogenic mediators may be a mainstay of therapy.
Points of therapeutic intervention may include efforts to remove the injurious stimuli,
suppress hepatic inflammation, downregulate stellate cell activation, and promote matrix
degradation (Fig. 2).

Remove Injurious Stimuli
Removing the underlying cause of liver injury is the most effective way to prevent

fibrosis. This approach can be highly effective when instituted early. Examples include
removal of excess iron or copper in genetic hemochromatosis or Wilson’s disease,
respectively, abstinence in alcoholic liver disease, antihelminthic therapy in schistosomi-
asis, clearance of HBV or HCV in chronic viral hepatitis, and biliary decompression in
bile duct obstruction. In the future, identification of the pathogenetic mechanisms under-
lying primary biliary cirrhosis or sclerosing cholangitis may permit the elimination of bile
duct injury and periductular fibrosis, possibly by improving bile flow through use of
farnesoid X receptors or other choleretics (8). Discontinuation of hepatotoxic drugs may
prevent progression of drug-induced liver injury and fibrosis.

Because of the high worldwide prevalence of HBV or HCV, there are massive efforts
underway to clear these viruses in chronically infected patients. Histologic improvement
has been observed in patients responding to antiviral therapy with interferon/ribavirin
for HCV and lamivudine for HBV. Beyond its antiviral effect, alpha interferon may have
direct anti-fibrogenic activity (9), which could explain the reports citing an antifibrotic
effect of interferon/ribavirin, even in patients who fail to clear virus (10).
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Suppress Hepatic Inflammation
Inflammatory mediators may stimulate stellate cell activation in chronic liver diseases

such as viral or autoimmune hepatitis and drug-induced liver injury. Thus, anti-inflam-
ma-tory medications might be beneficial in preventing fibrosis in these conditions.

CORTICOSTEROIDS

Corticosteroids have been a mainstay of therapy for many inflammatory liver diseases.
As an example, they can induce clinical remission and improve hepatic histopathology
in patients with autoimmune hepatitis, even those with advanced histologic features.
However, the incomplete suppression of fibrogenesis and undesirable side effects after
prolonged administration limit its use.

COLCHICINE

Colchicine is an antiinflammatory drug but its value in treating chronic liver disease
is minimal based on recent trials. In clinical trials of patients with primary biliary cirrho-
sis, colchicine improved laboratory values but mortality and transplantation rate were
unaffected. In another trial, colchicine improved overall survival of patients with cirrho-
sis but did not reduce the mortality related specifically to liver disease (11). Despite the
lack of convincing data, colchicine is still being used by some physicians. One study
suggests that its metabolite, colchiceine, may have better antifibrotic activity (12).

URSODEOXYCHOLIC ACID (UDCA)

UDCA has clear efficacy in primary biliary cirrhosis (13). Although no direct anti-
fibrotic effect of UDCA is established, a putative effect has been reported in a rat model
of bile duct ligation (14). Moreover, recent studies using UDCA derivatives that release
nitric oxide have shown promising effects on liver injury (15,16) (see below).

RECEPTOR ANTAGONISTS

Another antiinflammatory strategy is to neutralize inflammatory cytokines using speci-
fic receptor antagonists. As an example, a synthetic analog of Arg-Gly-Asp (RGD), which
represents an integrin-binding motif shared by fibronectin and other ECM molecules,
has been used in immune-mediated liver injury in mice induced by concanavalin A (17,
18). In the same study, pretreatment of animals with soluble TNF-α receptor effectively
reduced the serum elevation in liver enzymes and blocked TNF-α and interleukin-6
release. The reduced cytokine levels were accompanied by diminished necrosis and inflam-
mation in tissue sections. No direct antifibrotic role of these compounds has been demon-
strated, and their use in humans has not been reported.

IMMUNE MODULATION

Recent clinical studies suggest that immunosuppression may accelerate fibrosis pro-
gression, such as in patients with HCV and HIV co-infection, or in patients on immuno-
suppressives following liver transplantation. The role of immune phenotype in modulat-
ing the fibrogenic response is also supported by animal data in which the Th phenotype
of mice significantly influences fibrogenesis after toxic liver injury (19). Ongoing efforts
are attempting to define the specific T-cell subsets responsible for these observations,
which might ultimately yield new immunomodulatory approaches to dampening fibro-
sis in patients with ongoing liver injury.
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A novel approach for treating schistosomiasis-induced fibrosis involves the coadmin-
istration of interleukin-12 and worm egg antigen to modulate the host immune response
(20). The inhibition of fibrosis in this model is accompanied by replacement of the Th2-
dominated pattern of cytokine expression, which is characteristic of S. mansoni, by one
dominated by Th1 cytokines, which has a more protective profile. This approach could
have implications for other human liver diseases in which the host immune responses
play a role in fibrogenesis, including viral hepatitis, primary biliary cirrhosis, and auto-
immune hepatitis.

INTERLEUKIN 10

In a small uncontrolled trial in 24 patients with HCV infection and fibrosis, treatment
with interleukin-10 was associated with dramatic antifibrogenic and antiinflammatory
activity in some patients (21). In a follow-up study, 30 patients with HCV-related advanced
fibrosis who had failed antiviral therapy were enrolled in a 12-mo treatment regimen
with SQ IL-10 given daily or three times a week. Thirty-nine percent of patients had a
reduction in fibrosis score of at least one stage, but none who had a pretreatment Ishak
score of 6 showed any improvement. In addition, long-term recombinant IL-10 therapy
decreased disease activity but also was associated with increased HCV viral burden due
to alterations in immunologic viral surveillance (21). Studies in transgenic mice sug-
gests that IL-10 exerts its antifibrotic effects by altering lymphoctye subpopulations and
thus still may hold promise for specific liver diseases in which CD8+ T cell-mediated
injury is prominent (22).

INHIBITION OF HEPATOCYTE APOPTOSIS

It has become increasingly clear that hepatocyte apoptosis contributes to inflamma-
tion and stellate cell activation (23–25). Small interfering RNAs (siRNA) against Fas
have been used to attenuate concavalin A–induced liver fibrosis (26). In addition, inhibi-
tion of apoptosis by blocking caspases offers another potentially valuable approach (24).

Downregulate Stellate Cell Activation
Suppression or reversal of stellate cell activation has inherent attractiveness as a ther-

apeutic strategy because of the central role that stellate cells have in fibrogenesis.

INTERFERONS

The antifibrotic effects of the interferons may in part be related to downregulation of
stellate cell activation, which may explain improvement in fibrosis that has been described
in patients with HCV who do not have a virologic response to interferon-α (27). Pegylated
interferon given alone or in combination with ribavirin has been associated with improve-
ment in fibrosis in HCV infected patients, including apparent reversal of early cirrhosis
in some patients (28). The precise mechanisms underlying these observations are incom-
pletely understood. A contributing factor appears to be direct repression of collagen gene
transcription (9).

Interferon gamma is another interferon that has inhibitory effects on hepatic stellate cell
activation (29). It also reduces the expression of mRNAs of type I and IV collagen as well
as fibronectin in activated hepatic stellate cells grown in tissue culture, inhibits stellate
cell proliferation, and reduces smooth muscle actin expression (30). Phase II controlled
clinical trials, however, failed to show an antifibrotic effect in HCV-patients not respond-
ing to PEG/Ribavirin (see http://www.intermune.com, press releases).
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ANTIOXIDANTS

Oxidative stress is an important stimulus to stellate cell activation, providing a ration-
ale for the use of antioxidants such as vitamin E to suppress fibrogenesis. The issue is
not whether antioxidants are rational, but whether they are sufficiently potent to impact
on fibrosis progression. Limited data with vitamin E suggest efficacy in experimental con-
ditions, although discordant data have also been reported (31,32). Trials in humans are
currently underway. Some studies have documented inhibition of stellate cell activa-
tion by other antioxidants such as resveratrol, quercetin, and N-acetylcysteine (NAC) (33,
34). As will be discussed below, the antifibrotic properties of flavonoid compounds rely
heavily upon their antioxidative effects.

SILYMARIN

Silymarin (silybum marianum) is a natural component of milk thistle, which has exhib-
ited promising antifibrotic activity in experimental liver injury and is widely used as a non-
prescription agent in patients with chronic liver disease, particularly those with HCV.
Based upon its structure, silymarin belongs to a group of flavonoid compounds, the other
members of which include quercetin, baicalin, and baicalein (see below). These flavo-
noids have drawn increasing attention because of their antifibrogenic properties. Silymarin
functions as an antioxidant and may decrease hepatic injury via cytoprotection and inhi-
bition of Kupffer cell function. Despite its theoretical benefit, a systematic review of 14
studies found no clear evidence of a reduction in mortality, improvement in liver histol-
ogy, or biochemical markers of liver function in patients with chronic liver disease (35).
Similar conclusions were reached in an evidence report on the efficacy of milk thistle in
liver disease performed through the Agency for Healthcare Research and Quality (http:/
/www.ahrq.gov).

TGF-β ANTAGONISTS

TGF-β is a major fibrogenic cytokine; thus antagonists are under close investigation.
Several TGF-β antagonists are being developed and tested, including soluble TGF-β
type II receptor (36), antisense oligonucleotides (37), angiotensin II converting enzyme
inhibitors (38), and serine protease inhibitors (such as camostat mesilate) to inhibit pro-
teolytic activation of latent TGF-β (39). As an example, TGF-β type II receptor inhibits
stellate cell activation and fibrogenesis in vivo when administered before or after the fibro-
genic stimulus (36). Other strategies to functionally block TGF-β are also being studied,
including TGF-β-sequestering proteins such as decorin (40) or latency associated peptide
(LAP) (41). A concern related to TGF-β antagonists is the important role that TGF-β as
a tumor suppressor gene, and its inhibition might theoretically increase the risk of HCC
in patients with chronic liver disease.

ENDOTHELIN RECEPTOR ANTAGONISTS

Endothelin receptor antagonists have also been tested as antifibrotic agents and are
among the most promising, because agents of this type are already undergoing clinical
trials for hypertensive diseases (42). One agent, bosentan, is antifibrotic and reduces
stellate cell activation in experimental fibrosis (43), but its safety in humans is not estab-
lished yet. These agents are particularly attractive since they also have effects on inhib-
iting stellate cell contraction, an important component of increased intrahepatic vascular
resistance as will be discussed in further detail below.
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HEPATOCYTE GROWTH FACTOR (HGF)

HGF inhibits liver fibrosis and promotes liver regeneration in animal models of liver
injury in part by increasing collagenase expression in hepatic stellate cells (44,45). A
deletion variant of HGF is effective in inhibiting stellate cell activation, downregulating
the mRNA expression of procollagens and TGF-β-1, and stimulating liver regeneration
(46). Pretreatment with this deleted form of HGF also shows strong protective effects
against some hepatotoxins (47). Trials in humans are anticipated.

HALOFUGINONE

Halofuginone, a low-molecular-weight derivative of the anticoccidial quinoazolinone,
has been studied as a potent inhibitor of type I collagen synthesis. It inhibits collagen I syn-
thesis and extracellular matrix deposition in vitro and in vivo (48,49). In dimethylnitrosam-
ine or thioacetamide induced cirrhosis in rats, the dietary addition of halofuginone effec-
tively prevented the occurrence of liver fibrosis and cirrhosis (48,49) and enhanced liver
regeneration following partial hepatectomy (50). Furthermore, the drug caused almost com-
plete resolution of fibrosis in rats with established fibrosis (51). Based upon the above data,
this compound may become a promising candidate for future treatment of liver fibrosis.

RETINOIDS

In view of the export of retinoids during stellate cell activation, one might assume that
restoration of cellular retinoid might reverse or downregulate activation. However, there
is no evidence yet to support this idea, and studies even indicate that retinoids may exacer-
bate fibrosis in animal models (52). There remain key gaps in our understanding of the
interplay between retinoid metabolism and stellate cell activation and fibrogenesis.

HERBAL COMPOUNDS

In Asian countries such as China, herbal medicines have been used for centuries to
treat liver diseases. Some studies have elucidated the cellular mechanisms of several
herbal medicines, which have putative activity against liver fibrosis. Sho-saiko-to (Xiao-
Chaihu-Tang), one of the most prominent herbal medicines, inhibits stellate cell activa-
tion and reduces fibrosis in vitro and in vivo (53,54). Administration of Sho-saiko-to in
experimental liver fibrosis reduced hepatic type I and III collagen expression and hy-
droxyproline content. It also decreased the number of α-smooth muscle actin positive
stellate cells and increased retinoid concentration in injured liver. The antifibrotic mech-
anism of sho-saiko-to may include an antioxidative activity in which baicalin and baicalein
are active components (55).

Another herbal medicine under study is salvia miltiorrhiza (Dan-shen), which also
inhibits fibrosis in animal model and downregulates mRNA expression of TGF-β-1, pro-
collagen I and III (56). Apart from the scientific insight they provide, these studies under-
score the potential value of traditional medicine, a system which has been used for centuries
in many parts of the world (53). Traditional therapies could lead to innovative strategies
for treating hepatic fibrosis and cirrhosis.

RAPAMYCIN

Rapamycin is an immunosuppressive drug used in liver transplantation. It inhibits
stellate cell proliferation, which could attenuate the potential fibrotic response in patients
with recurrent liver disease (57). Use of rapamycin coated stents in coronary artery dis-
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ease attests to its inhibitory effects on mesenchymal cell growth, however, recent con-
cerns about its safety as an immunosuppressive immediately after liver transplantation
have dampened enthusiasm. Still, other rapamycin-like drugs with good safety profiles
could justify reassessment of these agents as antifibrotics.

PENTOXIFYLLINE

Pentoxifylline (a methylxanthine derivative that decreases tumor necrosis alpha syn-
thesis) inhibits hepatic stellate cell proliferation and collagen synthesis in vitro and in
a rat model of secondary biliary fibrosis (58). It has been studied in the treatment of alco-
holic hepatitis in humans where it appears to confer a survival advantage, possibly through
a reduction in hepatorenal syndrome (59).

Promote Matrix Degradation
The promotion of matrix degradation is of special clinical significance given the need

to resorb matrix in patients with established fibrosis. Advances in understanding of matrix
degradation in liver are likely to translate into new approaches to therapy (60). As an exam-
ple, preventing the upregulation of TIMP-1 and -2 during stellate cell activation might
increase matrix degradation in vivo (60). Strategies to increase the activity of matrix degrad-
ing enzymes or to introduce degrading enzymes with gene therapy are also of interest
(61) and is discussed in further detail below (“Gene therapy approaches”). TGF-β antag-
onists can stimulate matrix degradation by downregulating TIMPs and increasing the
net activity of interstitial collagenase.

Promote Stellate Cell Apoptosis
Promoting apoptosis of activated stellate cells is another potential strategy in theory,

but is not yet feasible in practice. Obstacles to this approach include the need to target
stellate cells and to titrate the apoptotic effect to avoid loss of normal cells. Furthermore,
a coherent understanding of apoptosis in stellate cells is still developing (24). Apoptosis
can be induced by disruption of integrin-mediated adhesion (62) and administration of
gliotoxin (63).

 Based upon the dramatic advances of the past decade, there is reason for optimism
about the prospects for antifibrotic therapy. However, one major unanswered question
is whether antifibrotics will result in a clinically significant reduction in portal pressures.
Likely, the combination of antifibrotics and agents capable of reducing intrahepatic vas-
cular resistance through modulation of stellate cell contractility carry the greatest promise
(see below).

VASCULAR MEDIATORS IN THE INJURED LIVER

Recent work has elucidated the importance of numerous vasoactive agents in the devel-
opment of increased intrahepatic vascular resistance (64) (Table 1). In general, abnormal
vasoregulation in liver disease may arise as a result of abnormally elevated levels of con-
tractile agents or reduced levels of vasodilatory/relaxation compounds. Therefore, poten-
tial therapies focus on either inhibition of stellate cell contraction or forced relaxation
of activated stellate cells to decrease portal pressure (Fig. 2). Key agents regulating con-
traction and relaxation are reviewed below.
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ENDOTHELIN

Endothelin is elevated in the serum of patients with advanced liver disease (65). Endo-
thelins constitute a group of vasoconstrictors consisting of three members: ET-1, ET-2,
ET-3. They are produced by endothelial and stellate cells, and exert autocrine and para-
crine effects on adjacent stellate cells. Their major function appears to be in local control
of vascular tone by inducing stellate cell contractility as well as proliferation (66,67).
Stellate cells express both ET-A and ET-B receptors, both of which mediate endothelin’s
biological effects in this cell type. In addition, endothelin receptor expression is increased
after injury (68) providing a rationale for therapeutically targeting these receptors in
chronic liver injury and portal hypertension. In animal models of portal hypertension,
ET-A receptor, ET-B receptor, and mixed ET-A/ET-B receptor antagonists can reduce
portal pressures (69–71). In addition to its effects on stellate cell contractility, endothelin
may provide a direct fibrogenic stimulus (see above).

NITRIC OXIDE (NO)
NO has emerged as an important regulator of vascular blood flow in many organ sys-

tems (72). In experimental models of liver injury and portal hypertension, NO produc-
tion is reduced (73). Although the precise mechanism is unknown, endothelial cell NOS
activity is reduced in cirrhosis. Furthermore, NO has important effects on stellate cells.
Exogenous NO can antagonize endothelin-induced contraction and induce relaxation in
precontracted cells (74) and endogenous NO produced by stellate cells in response to cyto-
kines has relaxing effects (75).

As a result of these observations, multiple approaches have been employed to increase
local NO production in the cirrhotic liver. Two especially promising approaches are the
use of liver selective NO donors and gene therapy (see below).

LIVER-SELECTIVE NO DONORS

In addition to its role in vasodilatation, NO has hepatocyte cytoprotective effects against
inflammation and tissue damage, and is directly cytotoxic toward invading micoorganisms
and tumor cells (76). These features make NO a very attractive agent for the treatment of
chronic liver disease. Because NO has a range of systemic activities including peripheral

Table 1
Agents with Contractile

or Relaxing Effects on Hepatic Stellate Cells

Contraction Relaxation

Endothelin(1,2,3) Nitric oxide
Angiotensin II Carbon monoxide
Thrombin Prostaglandin E2

Prostagland F2α Adrenomedullin
Thromboxane A2

Vasopressin
Substance P
Serum
Platelet activating factor
Adenosine
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vasodilatation which could exacerbate the hypotension seen in cirrhotic patients, selec-
tive targeting to the liver is essential. V-PYYRO/NO is a newly synthesized stable diaze-
niumdiolate that can circulate freely in the body and is metabolized to nitric oxide by P450
enzymes in the liver (77). It has been shown to reduce in situ hepatic vascular resistance
without altering systolic blood pressure (78). The systemic effects of V-PYRRO/NO
appear to be minimal (77,79). In animal models, V-PYRRO/NO can protect against aceto-
minophen-induced hepatotoxicity in mice (77,80), monocrotaline-induced hepatic sinu-
soid injury (81), liver damage from ischemia reperfusion (78), and D-galactosamine/endo-
toxin-induced hepatoxicity (82), but only one preliminary study has reported an ability
to reduce portal pressures and fibrosis in BDL-ligated rats (83).

Recently, a NO-releasing derivative of ursodeoxycholic acid, NCX1000, has reportedly
lowered portal pressures in rats (15,16,84). In addition, this compound is hepatoprotec-
tive in multiple acute injury models, antifibrotic, and effective in reducing portal pressure.
Thus, if safety is established in humans, the compound will certainly merit clinical trials.
In addition, statins are thought to increase endothelial production of NO through a phos-
phatidylinositol 3-kinase dependent activation of Akt, leading to eNOS phosphorylation
(85). Recently, simvastatin was shown to increase hepatic nitric oxide production and
decrease hepatic vascular tone in patients with cirrhosis and, thus, holds tremendous prom-
ise given its commercial availability and other beneficial effects (86).

ANGIOTENSIN II
Angiotensin II can induce contraction and proliferation of human-activated hepatic

stellate cells by acting through AT1 receptors (87). Moreover, angiotensin II’s effects
on stellate cells are mediated by NAPDH oxidase, an enzyme that produces reactive oxy-
gen species, further underscoring its potential use in the therapy of patients with chronic
liver injury (88). Because Angiotensin-II receptor antagonists are already FDA-approved
for other indications, they are particularly attractive agents for study in patients with liver
disease. Animal studies indicate that moderate doses of losartan decrease hepatic resis-
tance in the fibrotic livers of BDL rats, but higher doses may have deleterious effects (89).
Trials in cirrhotic patients, however, have yielded mixed results. The major concern has
been that these compounds decreased the glomerular filtration rate and led to systemic
hypotension in cirrhotic patients (90). In theory, liver-specific targeting, as has been
achieved for NO-delivery, could overcome this limitation.

Prazosin: In cirrhotic patients, continuous α-adrenergic blockade with prazosin reduced
portal pressure (91,92) but also reduced glomerular filtration rate and caused significant
peripheral edema.

GENE THERAPY APPROACHES

General Considerations
Most simply, gene therapy involves the transfer of a gene into the body. The protein

product of the transgene is expressed either locally or systemically, and functions to
either replace a missing protein product or inhibit the functions of a deleterious protein.
Over the past 30 yr, there have been over 23,000 publications on gene therapy with over
8000 in this past year. Ten percent of papers in the past year have described the use of gene
therapy for the treatment of liver diseases. The ideal vector system is one that is regulable,
highly cell-specific, efficient, nonimmunogenic, nonhepatotoxic, and capable of deliver-
ing large segments of DNA or RNA.
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The issues that determine the ultimate efficacy of gene therapy include:

1. effectiveness of the specific vector system;
2. cellular targets of vector systems;
3. efficiency and longevity of cellular transduction;
4. deleterious side effects of genetic interventions.

Effectiveness of the Specific Vector System
Many vector systems have been used and each has specific advantages (for detailed

review, see ref. 93). In liver, the most commonly used delivery systems include:

ADENOVIRAL VECTORS

Adenoviral vectors have been the most popular because they result in high-level gene
expression and have a significant tropism for hepatocytes, allowing for intravenous (iv)
rather than portal vein administration. Significant drawbacks include the transient nature
of transduction due to immune-mediated eradication of infected cells and decreased trans-
duction in cirrhotic livers compared to uninjured livers (94). In addition, mixed humoral
and T-cell mediated immune response preclude its repeated administration. Lastly, high
titers can result in hepatotoxicity which has been associated with death in humans (95).

RETROVIRAL VECTORS

Unlike adenoviruses, these viruses integrate into the host genome and are passed onto
progeny cells allowing for long-lasting gene expression. This advantage is also a disad-
vantage in that integration into the recipient genome may result in activation of latent
oncogenes or inactivation of tumor-suppressor genes, as has been observed in pediatric
patients in a handful of cases (see below). Tumor suppressor inactivation is less likely than
oncogene activation, because loss of heterozygosity (inactivation of both alleles of the
tumor suppressor gene) is required for tumorigenesis to proceed (96). Until recently, retro-
viral insertion in the context of gene therapy has been considered a random event. In a
recent clinical trial, 2 out of 10 patients receiving gene therapy for the treatment of X-
linked severe combined immunodeficiency (SCID-X1) developed T-cell leukemia as a
result of insertion of the retroviral vector in the same region near the promoter of the proto-
oncogene LMO2. In addition, retroviruses only infect nondividing cells and, thus, in vivo
gene therapy can only be utilized if liver cells are stimulated to regenerate. In principle,
this might be accomplished by mitogen administration or treatment with thyroid hormone
(97) but no clinical trials of this type have been undertaken to date.

LENTIVIRAL VECTORS

Unlike retroviruses, which cannot infect nondividing cells, lentiviruses are capable of
infecting both dividing and nondividing cells (98). They are, however, also subject to the
problems that limit retroviruses, with possible activation of oncogenes due to integration
into the host genome.

ADENOASSOCIATED VIRAL VECTORS

These viruses are a replication-defective parvovirus, that can integrate into a specific
region on chromosome 19 (99). Although wild-type viruses demonstrate this site-speci-
fic integration, recombinant viruses integrate more randomly. They can infect both divid-
ing and nondividing cells and are noninfectious which make them particularly attractive
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for use in humans. They are more cumbersome to make and package and thus have been
used less frequently to date.

Prospects for Gene Therapy in the Treatment of Fibrosis

TRANSFORMING GROWTH FACTOR-β (TGF-β)
TGF-β is a cytokine central to the fibrogenic process. Therefore, numerous approaches

have been used to try to modulate this pathway. Adenoviral expression of a TGF-β1
antisense mRNA was effective in preventing liver fibrosis in bile-duct ligated rats (100).
In addition, overexpression of Smad7, an intracellular antagonist of TGF-β signaling,
using an adenoviral vector resulted in a reduction in fibrosis in bile-duct ligated rats (101).

INTERFERON-α
Several studies have suggested a potential anti-fibrotic effect of IFN-α. However, its

systemic toxicity limits larger doses needed for this clinical end point. Therefore, aden-
oviral delivery to the liver is attractive in that high doses can be delivered to hepatocytes
with very little systemic toxicity. In a rat model of dimethylnitrosamine-induced liver
cirrhosis, an adenoviral vector expressing IFN-α prevented the progression of liver
cirrhosis and improved survival in treated rats (102). This same system was used to show
that IFN-α gene transfer effectively inhibits HCV replication in hepatocytes (103). This
approach therefore could be of dual benefit in patients with HCV cirrhosis but it is uncer-
tain if such approaches will yield sufficient advantage over current formulations to justify
clinical trials.

MATRIX DEGRADING PROTEASES

In cirrhosis, there is a gradual accumulation of interstitial collagens, type I and III.
From a clinical standpoint patients generally present once scar is already established
and, thus, one gene therapy approach is to express an interstitial collagenase to degrade
the fibrotic scar. In humans, matrix metalloproteinase-1 is an important interstitial col-
lagenase but its origin and importance in liver fibrosis are uncertain. In a model of estab-
lished rat liver fibrosis, an adenoviral vector containing MMP-1 resulted in decreased
fibrosis, decreased number of activated stellate cells, and hepatocyte proliferation (61).
Introduction of MMP-8, a neutrophil collagenase, in an adenoviral vector system also
resulted in resorption of fibrosis in bile-duct ligated rats (94) and CCl4-treated rats (104).
In both studies, adenoviral expression also resulted in mild liver injury as reflected by
ALT levels, highlighting the potential hepatocellular toxicity which may be a significant
concern in the cirrhotic patient if clinical trials are undertaken.

Gene Therapy in the Treatment of Portal Hypertension
Several issues must be addressed if gene therapy is to be effective in the treatment of

portal hypertension. The first is which regulatory system should targeted. NO has received
the most attention as a gene therapy to date. Second, the cellular target must be optimized.
Endothelial and stellate cells may be ideal candidates given their roles in regulating vas-
cular tone in the liver. One feature limiting clinical utility has been the short-lived nature
of the transduction. For any significant impact on portal hypertension, achieving long-
term transduction is a significant requirement.
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APPROACHES TO RESTORE HEPATIC SINUSOIDAL NO

In cirrhosis there is a relative deficiency of NO, likely secondary to decreased endothe-
lial NO synthase. Therefore, direct delivery of either NO (see liver selective NO donors)
or NO synthase are rational approaches. An adenoviral vector system was used to intro-

Fig. 2. Potential targets for antifibrotics and agents that modulate intrahepatic vascular resistance.
Changes in the subendothelial Space of Disse and sinuoids as fibrosis develops in response to injury
includes alterations in both cellular responses and extracellular matrix composition. Stellate cell
activation leads to accumulation of scar. Kupffer cell activation accompanies liver injury and con-
tributes to paracrine activation of stellate cells. Decrease in endothelial cell eNOS activity and nitric
oxide and overall increase in stellate cell contractility leads to increased intrahepatic vascular resis-
tance. Potential treatments at each of these sites of action are listed on the figure. Reprinted with mod-
ification from Friedman SL, Molecular regulation of hepatic fibrosis, an integrated cellular response
to tissue injury. J Biol Chem 2000;275:2247–2250.
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duce neuronal NOS (nNOS) in both normal liver and liver injury models (bile duct
ligation and CCl4). Although transduction efficiency is slightly diminished in the injured
liver, hepatocytes, endothelial cells, and stellate cells were efficiently transduced with
nNOS resulting in decreased portal pressure in vivo and decrease in stellate cell contrac-
tility in vitro (105). Importantly, transduction of nNOS into injured liver reduced resting
as well as flow-dependent portal pressure. The durability of this effect on portal pres-
sures is not clear. Akt is a major activator of endothelial NO which may contribute to
decreased NO production in cirrhosis, associated with portal hypertension. Adenoviral
delivery of a constitutively active Akt restored Akt activation and NO production in the
cirrhotic liver and resulted in normalization of portal pressures (106). Taken together,
these data demonstrate the feasibility of transducing genes of interest into the liver’s vas-
cular compartment, even in the injured organ.

SUMMARY

In chronic liver injury there are two main factors contributing to increased hepatic resis-
tance: (1) Mechanical factors secondary to fibrosis and regenerating nodules; and (2)
interplay between sinusoidal endothelial cells and stellate cells resulting in stellate cell
contraction. The relative contribution of these two elements is difficult to quantify. How-
ever, portal pressure can be reduced by 20–30% with pharmacologic agents that decrease
intrahepatic resistance (6). It remains to be seen whether an effect of this magnitude is
sufficient to reduce portal pressures enough to prevent the life-threatening sequelae of
portal hypertension in cirrhotic patients. In addition, with so many cytokines and medi-
ators converging on stellate cells, which ones are really important? It appears that antag-
onizing any given mediator in animal models is always antifibrotic, and the corresponding
knock-out mice have attenuated fibrosis. Similarly, antagoinizing vasoconstrictive medi-
ators or reconstituting vasodilatory mediators results in reduced stellate cell contractility
and reduced portal pressures in animal models. Whether effective treatments in animal
models will lead to successful treatments in human disease remains unknown. Compounds
that have both antifibrotic and vasoregulatory properties, or combination therapies which
can attack multiple pathways are most likely to succeed in the treatment of chronic liver
injury.
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190, 228–232
sclerotherapy,

combination therapy, 231
comparison, 230, 231

secondary prevention of variceal rupture,
193

transjugular intrahepatic portosystemic
stent shunt comparison, 231

Banti, Guido, liver studies, 6, 7
BCS, see Budd–Chiari syndrome
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