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Abstract: Complications of portal hypertension are the leading

cause of death in patients with liver cirrhosis. Rational medical and

endoscopic therapy is guided by a thorough understanding of the

underlying pathophysiology of ascites, variceal formation and bleed-

ing, hepatorenal syndrome, and hepatic encephalopathy. The patho-

physiology of each clinical entity is reviewed followed by an evi-

dence-based diagnostic and management algorithm.
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Portal hypertension with its complications is the leading
cause of death in patients with liver cirrhosis. The severity

of portal hypertension correlates strongly with overall patient
survival.1 This review will focus on the pathophysiology of
portal hypertension and the management of esophageal varices,
ascites, hepatorenal syndrome, and hepatic encephalopathy.

Pathophysiology
Normal pressures in the human portal venous system

range from 3 to 6 mmHg. Portal hypertension is defined by an
increase above 10 mmHg. Pressure changes in the portal sys-
tem follow Ohm’s law (DP = Q 3 R), where pressure (P) is
defined as the product of flow (Q) and resistance (R).2 This
simple equation provides the rationale to the two main strat-
egies of therapeutically lowering portal pressures by either
decreasing portal inflow or reducing the sinusoidal resistance
or a combination of both. The increased resistance is caused by
prehepatic or posthepatic obstruction of blood flow; in most of
cases of portal hypertension, resistance is secondary to intra-
hepatic causes due to liver cirrhosis mediated by an increase in
sinusoidal pressures.3 Increased vascular resistance in such
cases consists of a fixed and dynamic component caused by
liver fibrosis and vasospasm, respectively. The vasospastic
component is mediated by endothelin,4 angiotensin, and other
factors. Simultaneously vasodilating factors such as nitric
oxide (NO) are decreased in the hepatic circulation leading to
an imbalance between vasoconstrictor and vasodilator stim-
uli.5 This results in endothelial dysfunction of the hepatic
microcirculation and increases splanchnic blood flow into the

portal system mediated by arteriolar vasodilation and hence
aggravates portal hypertension.6

Variceal Bleeding and Management
The most life-threatening complication of portal hyper-

tension is acute variceal bleeding with a mortality as high as
30% depending on the stage of liver disease.7 Varices are either
isolated at the gastroesophageal junction or communicate with
fundal veins leading to gastric varices. The risk of bleeding
correlates strongly with portal pressures and varices generally
do not bleed unless portal pressures are .12 mmHg, which
serves as a target pressure to reduce portal hypertension.8 The
risk of venous wall rupture correlates with wall tension de-
scribed by Laplace’s law, wherein tension is defined by the
product of the intraluminal to extraluminal pressure gradient
(Pi2 Pe) and the vessel radius (r) divided by the wall thickness
(w) (T = (Pi 2 Pe) 3 r/w). Endoscopic assessment of risk of
variceal bleeding depends on variceal size and signs of wall
thinning (hematocystic spots, red wale sign).9,10 De novo vari-
ceal formation is estimated at about 6%/year in compensated
cirrhosis.7 Annual endoscopies for variceal screening are there-
fore still recommended but might not be cost-effective.11

Treatment strategies for portal hypertension can be di-
vided in three categories: primary prevention of bleeding,
secondary prevention after a previous bleeding episode, and
management of acute hemorrhage.

Acute Variceal Bleeding
The management of acute bleeding requires a multidis-

ciplinary approach. The patient should be admitted to an in-
tensive care unit, where appropriate resuscitation can be per-
formed. It is of paramount importance to prevent pulmonary
aspiration and elective early airway management is rec-
ommended. The immediate strategy after volume resuscitation
is pharmacologic attempt to acutely lower portal pressures,
which can be achieved by intravenous administration of a
vasopressin analogue (somatostatin, octreotide, terlipressin),
which may temporarily lower portal pressures and might lead
to better endoscopic visualization of the bleeding source. Vaso-
pressin is no longer used because it can lead to cardiac is-
chemia.12 Terlipressin, an N-triglycyl-8-lysine-vasopressin,
causes splanchnic vasoconstriction without leading to sys-
temic ischemia and has similar effectiveness compared with
somatostatin,13 octreotide,14 and sclerotherapy.15 Terlipressin
is the only vasopressin analogue with a significant reduction in
mortality as shown by a recent meta-analysis.16 Prophylactic
antibiotics improve short-term survival by reducing infectious
complications in the setting of variceal bleeding.17

Emergent endoscopy is performed after initial hemo-
dynamic stabilization. Sclerotherapy of esophageal varices
was introduced in the late 1970s using a multitude of different
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sclerosants. It is more effective than balloon tamponade18 but
leads to deep esophageal ulcerations with the risk of delayed
bleeding, predisposes to infections and pleural effusions.19

Esophageal ligation therapy was therefore developed in 1986,20

where rubber bands are applied on the varices leading to
mechanical compression and secondary thrombosis and vascu-
lar obliteration. Multiple studies have shown the superiority of
variceal band ligation in the acute setting and also in secondary
prevention trials.21,22 In the rare case where pharmacologic
treatment and endoscopic means fail to achieve hemostasis,
temporary esophageal balloon compression or implantation of
transjugular intrahepatic portovenous shunt (TIPS) is an alter-
native, depending on local availability. Esophageal balloon
tamponade is usually poorly tolerated and can be complicated
by pulmonary aspiration and pressure necrosis of the esoph-
ageal wall.23 Emergency TIPS as a ‘‘salvage method’’ after
failed endoscopic hemostasis is very effective, leading to
cessation of bleeding in 91% to 100% of patients24,25 and can
be combined with selective embolization of varices and col-
laterals. It is however technically challenging, and the exper-
tise is not widely available. Emergency surgical portal shunts
and esophageal transection carry a very high mortality and are
nowadays rarely performed.26

Primary Prevention
Current practice guidelines recommend screening for

varices in patients with cirrhosis at regular intervals.27,28 Once
varices are identified endoscopically, primary pharmacologic
bleeding prophylaxis should be initiated. This is best achieved
by the administration of nonselective beta blockers (prop-
anolol, nadolol), which lower portal pressures by reducing
cardiac output and lowering splanchnic blood flow by vaso-
constriction.29 A recently published meta-analysis of 12 stud-
ies using nonselective beta blocker for primary bleeding pro-
phylaxis showed a reduction of bleeding risk from 25% to
15% over a 2-year period30 with only minimally decreasing
mortality from 27% to 23%. There is however currently no
evidence to support the prophylactic treatment of small varices
under 5 mm.27 The therapeutic efficacy is most accurately
monitored by hepatic venous pressure gradient (HVPG) mea-
surement, which is however invasive and not routinely per-
formed in most institutions.32 As a surrogate marker for
effective beta blockade, noninvasive hemodynamic monitor-
ing is used with a target reduction in resting pulse rate by 25%
or below 55 beats/min, as long as it is tolerated, without
leading to symptomatic hypotension.33 The Barcelona group
was recently able to show better survival in patients with
pharmacologic treatment of prevention of variceal rebleeding
under invasive hemodynamic monitoring to achieve a docu-
mented decrease in HVPG .20% or to ,12 mmHg. Re-
sponders also had a significantly lower risk of developing
worsening ascites, spontaneous bacterial peritonitis, and he-
patic encephalopathy. They therefore recommend HVPGmon-
itoring since it provides relevant and unique prognostic
information.34 A combination of nonselective beta blocker and
systemic nitrates is theoretically appealing by additionally
lowering intrahepatic sinusoidal resistance but is not signif-
icantly more effective in preventing a first variceal bleed and is
usually poorly tolerated because of significant hypotension

and can therefore not be recommended. Endoscopic band
ligation should be considered for patients intolerant to medical
therapy.

Ascites
Development of significant ascites is a hallmark of

decompensated liver cirrhosis and has a complex pathophys-
iology. Lymphatic drainage of the liver parenchyma is im-
paired by the disruption of normal liver architecture resulting
in increased sinusoidal and lymphatic pressures. Lymphatic
drainage from the liver capsule can even sometimes be ob-
served laparoscopically (personal experience). The other main
pathophysiologic factor causing ascites and peripheral edema
is altered salt and water homeostasis. The serum-to-ascites
albumin gradient is used to confirm ascites formation second-
ary to portal hypertension.35 A serum-to-ascites albumin gra-
dient of ,1 is suggestive of a nonhepatic cause. Patients with
decompensated liver cirrhosis show a significant reduction of
their peripheral vascular resistance caused by intrinsic vaso-
dilators (NO). This leads to renal activation of the renin-
angiotensin-aldosterone system resulting in avid salt and water
retention. The urine sodium excretion is markedly reduced.5

The low oncotic vascular pressure in the setting of hypo-
albuminemia is not sufficient to prevent interstitial leakage of
water causing edema and ascites. Therapy for ascites is
therefore guided by an understanding of the pathophysiology.
The architectural disruption of sinusoidal blood flow is per-
manent in most patients but can sometimes be reduced in the
setting of alcoholic hepatitis, where some of the sinusoidal
constriction is reversible after alcohol abstinence. The main
therapeutic intervention is to influence salt and water homeo-
stasis by reducing the dietary salt intake to 60 to 90 mEq/day
and to administer diuretics.36,37 A frequent cause for diuretic-
resistant ascites is inadequate sodium restriction. Aldosterone
antagonists like spironolactone have now been used for over
20 years and are especially effective in combination with
a loop diuretic. Both diuretics are usually given in a fixed ratio
under close monitoring of electrolytes and renal function.38

Urinary sodium excretion should be measured in patients
without significant diuretic response. If the sodium excretion is
high despite adequate diuretic therapy, the patient is most
likely not compliant with the low salt diet. Low urinary sodium
excretion and elevated serum creatinine are warning signs for
the development of hepatorenal syndrome or overdiuresis.
Patients who fail to have significant reduction of ascites de-
spite high dose diuretic therapy (spironolactone 400 mg qd,
furosemide 160 mg qd, or their equivalent) are termed re-
fractory. In contrast, if they develop side effects of diuretic
therapy (azotemia, hyponatremia, encephalopathy), they are
considered to have diuretic-intractable ascites.39 Therapeutic
alternatives are either repeated large volume paracentesis in
combination with plasma expanders or implantation of a TIPS.
Repeated paracentesis (used for centuries) can safely be
performed, as an outpatient procedure on an as-needed basis.
The main complication of large volume paracentesis (.5 L) is
hemodynamic dysregulation with transient worsening of renal
function, which can be prevented by simultaneous albumin
infusion (8 g of albumin per liter of ascites). TIPS implantation
is an invasive alternative, where an intrahepatic portosystemic
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shunt is created by implantation of a stent between the right
hepatic and portal vein. This is very effective for the relief of
ascites but has significant potential side effects, mainly wors-
ening hepatic encephalopathy and liver function. The MELD
score (Model of End Stage Liver disease) seems to be superior
to the CHILD classification in predicting short-term survival
after TIPS implantation.40 Large studies have failed to show
a mortality difference between TIPS and repeated para-
centesis.41 An added benefit of TIPS implantation is direct
reduction of portal hypertension with associated lower risk of
variceal bleeding. After TIPS implantation, surveillance with
repeated duplex ultrasonography should be performed, given
the high rate of shunt occlusion of 40% to 60% at 1 year and
70% to 85% at 2 years.42–44 This risk seems to be significantly
lower with the new PTFE-covered TIPS stents.45 Surgical
splenorenal shunting can only be recommended in Child-Pugh
Class A cirrhosis given the high operative mortality for
patients with more advanced liver disease.

Hepatorenal Syndrome (HRS)
Hepatorenal syndrome is defined as deterioration of

renal function as a consequence of liver disease after another
cause has been ruled out. The exact incidence in patients with
cirrhosis and ascites is not known but may be as high as 40%
over 5 years.46 The main pathophysiologic factor is a decrease
of renal blood flow caused by vasoconstriction of the renal
macrocirculation and microcirculation caused by multiple
neurohumeral factors: activation of the renin-angiotensin-
aldosterone system, activation of the sympathetic nervous
system, endothelins, natriuretic peptide, and several other
mechanisms have been implicated.47 Dilutional hyponatremia
and ascites are universal in patients with HRS. The clinical
hallmark is an increase of serum creatinine to greater than
1.5 mg/dL or creatinine clearance of less than 40 mL/min in
the setting of low urine sodium excretion that is unresponsive
to intravenous volume substitution to exclude prerenal azotemia.
Arroyo et al developed major and minor diagnostic criteria.48

The syndrome is clinically divided into two distinct types:
a rapid decline in renal function (within 2 weeks) with a dismal
transplant-free survival (HRS type 1) and a more protracted
renal failure (HRS type 2) which remains stable for months.
Common precipitating factors for the onset of HRS include
bacterial infections,49 especially spontaneous bacterial perito-
nitis, large volume paracentesis without plasma expansion,50

and gastrointestinal bleeding.51 Liver transplantation is the
therapy of choice in patients with HRS type 1 and will reverse
renal failure52 but is not an option for the majority of patients
due to the scarcity of available organs. Given its poor prog-
nosis without transplantation, hemodialysis should only be
instituted as a bridge to transplantation. Multiple medical reg-
imens were investigated in the past in an attempt to overcome
renal vasoconstriction by increasing splanchnic vascular resis-
tance. Two types of vasopressors were used in most studies:
vasopressin analogues (ornipressin, terlipressin) and alpha-
adrenergic agonists (norepinephrine, midodrine) usually in
combination with albumin as a plasma expander to improve
vascular underfilling.53 Terlipressin has shown the best re-
sults with a significantly lower ischemia rate compared with
ornipressin. Intravenous administration of terlipressin in a dose

of 0.5 to 2 mg every 4 to 6 hours leads to complete resolution
of renal failure defined by serum creatinine ,133 mmol/L in
over 50% of patients and improves overall mortality.54 TIPS
implantation is associated with a reported improvement of
HRS type 1 in small series by reducing vasoconstrictor activ-
ity and improving circulatory function.55,56 However, TIPS
implantation may lead to serious side effects and can therefore
not be recommended routinely given the superior risk-benefit
ratio of medical therapy with terlipressin.

Hepatic Encephalopathy
Hepatic encephalopathy (HE) is defined as a change in

neurologic function as a consequence of acute or chronic liver
disease. Change in mental status and deterioration to coma is
an ominous sign in acute liver failure and can lead to brain
edema and subsequent herniation and rapid death. Impor-
tant precipitating factors include hypovolemia, gastrointestinal
bleeding, hypokalemia, hypoxia, use of sedatives or tranquil-
izers, hypoglycemia, infection (especially spontaneous bacte-
rial peritonitis), and TIPS implantation or surgical shunting.
The degree of encephalopathy is part of the prognostic as-
sessment in the Child-Pugh score. The pathogenesis of HE is
not entirely understood. Extrahepatic and intrahepatic portove-
nous shunting seems to be a major contributor whereby mul-
tiple small molecular substances are directly delivered to the
systemic circulation without hepatic modification and subse-
quently cross the blood-brain barrier to result in the neuro-
psychologic syndrome of HE. It can be divided into acute and
chronic and clinically graded as follows: 0, normal; 1, change in
awareness and personality; 2, lethargy, flapping tremor; 3,
asleep but arousable; 4, coma. The 11th World Congress of
Gastroenterology further defined three clinical categories of HE:
type A related to acute liver failure; type B occurs in the setting
of normal liver histology and the presence of a hepatic vascular
bypass (portocaval shunting, TIPS), and type C due to cirrhosis
(acute or chronic).57 The pathophysiology is still a debate of
multiple hypothesis: the prevailing assumption is that false
neurotransmitters like GABAergic stimulators,58 which arise
from the splanchnic shunting, function as neuroinhibitors caus-
ing the clinical picture of HE (decreased awareness, sleepiness,
etc.). Other important small molecules, which contribute to this
syndrome, are ammonia,59,60 glutamine,61 and dopaminergic
substances.62 Some of the false neurotransmitters are produced
by colonic bacterial fermentation. One of the most effective
treatments of HE decreases the gut production and absorption of
these substances by cleansing the large intestine using lactulose,
which also acidifies feces and thereby limits diffusion of
ammonia back into the splanchnic vasculature.63 Lactulose is
usually titrated to result in 4 to 6 bowel movements/day (15–30
mL qid). The effectiveness of this treatment strategy was
however recently questioned in a Cochrane analysis, which
included 22 randomized studies and found that nonabsorbable
disaccharides were not significantly better than placebo. They
also appeared to be inferior to antibiotics in reducing the risk of
worsening HE.64 The nonabsorbable antibiotic neomycin is
used most frequently in this setting as second line treatment, but
nephrotoxicity and ototoxicity are described when used long-
term.65 Lactulose enemas are reserved for patients with Grade 3
and 4 HE, who are unable to swallow without aspirating.66
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Airway management is of utmost importance in those patients
and early endotracheal intubation should be considered. The
benzodiazepam antagonist flumazenil was used in several small
studies with sometimes dramatic transient improvement of HE.
Two meta-analyses were recently published showing a signifi-
cant short-lived reduction of HE in about one fourth of
treated patients,67,68 supporting the hypothesis that GABAer-
gic false neurotransmitters play a significant role in the patho-
physiology of HE. However, the routine use of flumazenil
cannot be recommended. The new MARS system (molecular
absorbent recirculating system) is a nonbiologic liver support
method based on the principles of dialysis, filtration, and
adsorption. It allows for the safe and efficient removal of both
albumin-bound and water-soluble toxic metabolites, including
ammonia, aromatic amino acids, tryptophan, and related
phenolic and indolic products, as well as benzodiazepines.69

It has been studied in case series of approximately 60 patients
so far, and neurologic improvement has been observed in the
majority of patients. The system has also served as an effective
bridge to liver transplantation.70 No randomized comparative
studies are yet available, and this treatment modality still
needs to be considered experimental. The most effective
treatment of HE is liver transplantation usually leading to full
recovery.

In summary, complications of portal hypertension will
occur in the majority of patients with liver cirrhosis and some
of the symptoms can be ameliorated by the treatments outlined
above. However, it should be kept in mind that a complete
reversal of the underlying pathophysiology can only be
achieved by liver transplantation and all suitable patients
should be evaluated and referred for this lifesaving operation.
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