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ASTROESOPHAGEAL variceal hemorrhage,
a major complication of portal hypertension
resulting from cirrhosis, accounts for 10 to

30 percent of all cases of bleeding from the upper
gastrointestinal tract.

 

1

 

 Variceal hemorrhage occurs in
25 to 35 percent of patients with cirrhosis and ac-
counts for 80 to 90 percent of bleeding episodes in
these patients.

 

2-4

 

 Variceal hemorrhage is associated
with more substantial morbidity and mortality than
other causes of gastrointestinal bleeding, as well as
with higher hospital costs.

 

5-7

 

 Up to 30 percent of
initial bleeding episodes are fatal, and as many as 70
percent of survivors have recurrent bleeding after a
first variceal hemorrhage.

 

2,8

 

 Moreover, the one-year
survival rate after variceal hemorrhage can be poor
(32 to 80 percent).

 

8,9

 

 Treatment of patients with
gastroesophageal varices includes the prevention of
the initial bleeding episode (primary prophylaxis), the
control of active hemorrhage, and the prevention of
recurrent bleeding after a first episode (secondary pro-
phylaxis). Many new and exciting therapeutic options
for variceal hemorrhage have become available during
the past decade (Fig. 1).

 

PATHOGENESIS OF GASTROESOPHAGEAL 

VARICES

 

Chronic liver disease leading to cirrhosis is the most
common cause of portal hypertension (increased por-
tal venous pressure). Portal venous pressure is directly
related to blood flow and resistance through the liver
as described by Ohm’s law — P=Q¬R, where P is
the pressure along a vessel, Q is the flow, and R is
the resistance to the flow. Although the pathogenesis
of portal hypertension is complex, and a detailed dis-
cussion of this topic is beyond the scope of this re-

G

 

view, portal hypertension in most patients with cirrho-
sis results from increased intrahepatic resistance (at the
presinusoidal, sinusoidal, and postsinusoidal locations)
as well as increased flow through a hyperdynamic
splanchnic system. Recent studies suggest that an im-
balance between the potent vasoconstrictor endo-
thelin-1 and the potent vasodilator nitric oxide may
be important in the genesis of increased intrahepatic
resistance, which is an early and critical component
of most forms of portal hypertension.

 

10-12

 

Varices are portosystemic collaterals formed after
preexisting vascular channels have been dilated by por-
tal hypertension. The distal 2 to 5 cm of the esoph-
agus — the most common site of varices — contains
superficial veins that lack support from surrounding
tissues,

 

13

 

 a feature consistent with the occurrence of
prominent bleeding at this site. The dilatation of dis-
tal esophageal varices depends on a threshold pressure
gradient. The most commonly used measurement of
pressure is the hepatic venous pressure gradient, de-
fined as the gradient between the wedged, or occlud-
ed, hepatic venous pressure and the free hepatic venous
pressure (normal gradient, <5 mm Hg). At a hepatic
venous pressure gradient of less than 12 mm Hg,
varices do not form.

 

14,15

 

 Varices do not invariably de-
velop in patients with gradients of 12 mm Hg or more;
thus, this pressure gradient is necessary but not suf-
ficient.

 

14,16

 

 Gastroesophageal varices are present in 40
to 60 percent of patients with cirrhosis; their presence
and size are related to the underlying cause, duration,
and severity of cirrhosis.

 

17

 

PREDICTION OF VARICEAL 

HEMORRHAGE

 

Despite the high prevalence of varices in patients
with cirrhosis, bleeding only occurs in about one third
of patients.

 

2,3

 

 Various factors may lead to variceal
bleeding. Physical factors, including the elastic prop-
erties of the vessel and the intravariceal and intralu-
minal pressure, are important determinants of wheth-
er rupture will occur. However, the main determinant
of bleeding is variceal-wall tension (T), which, ac-
cording to Frank’s modification of Laplace’s law
(T=[TP¬r]¬w

 

¡1

 

), is a function of the transmural
pressure (TP), the radius (r) of the vessel, and the
thickness of the vessel wall (w).

 

13

 

For optimal management, it is important to un-
derstand which patients are most likely to have bleed-
ing. Clinical factors associated with an increased risk
of a first variceal hemorrhage include continued al-
cohol use and poor liver function.

 

2

 

 Endoscopic pre-
dictors of bleeding include large varices and endoscop-
ic red signs (e.g., red wale markings) on the variceal
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Figure 1.
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wall.

 

2,18

 

 A combination of clinical and endoscopic
findings including an advanced Child–Pugh class of
cirrhosis (Table 1), large varices, and the presence of
red wale markings correlate highly with the risk of a
first bleeding episode in patients with cirrhosis.

 

2

 

Hemodynamic measurement such as the hepatic
venous pressure gradient, the intravariceal pressure,
and the Doppler ultrasonographic measurement of
portal pressure have been used in efforts to predict
variceal bleeding. The hepatic venous pressure gradi-
ent provides a reliable measure of portal pressure in
most patients with cirrhosis (but can underestimate
portal pressure in patients with presinusoidal portal
hypertension).

 

20

 

 Furthermore, an increasing hepatic
venous pressure gradient predicts an increased risk
of bleeding, and the extent of the elevation of portal
pressure is inversely related to the prognosis after
hemorrhage.

 

14,21,22

 

 In addition, changes in the hepatic
venous pressure gradient after a pharmacologic inter-
vention appear to predict the clinical response to ther-
apy.

 

23

 

 Unfortunately, although the measurement of
the hepatic venous pressure gradient is a useful ad-
junct, the procedure is invasive and thus is not widely
used in clinical practice.

 

PRIMARY PREVENTION OF BLEEDING 

FROM ESOPHAGEAL VARICES

 

Once esophageal varices have been identified in a
patient with cirrhosis, the risk of a variceal hemor-
rhage is 25 to 35 percent.

 

2,24-26

 

 Given the poor out-
come associated with variceal bleeding, the identifi-
cation of those at high risk and the prevention of a
first bleeding episode are critical objectives. Screening
endoscopy is generally recommended for patients with
cirrhosis to determine whether large esophageal varices
are present — although the cost effectiveness of this

approach is controversial. The use of clinical features,
such as a low platelet count, may help physicians to
predict which patients are likely to have large vari-
ces.

 

27,28

 

 Therapy for primary prophylaxis against var-
iceal bleeding has evolved considerably over the past
decade and is summarized in Table 2 and Figure 2.

 

Pharmacologic Therapy

 

The general objective of pharmacologic therapy
for variceal bleeding is to reduce portal pressure and,
consequently, intravariceal pressure (Fig. 1). Indeed,
the rationale for the use of pharmacologic therapy is
similar for primary prophylaxis, acute bleeding, and
secondary prophylaxis. Drugs that reduce the collat-
eral portal venous flow (vasoconstrictors) or intrahe-
patic vascular resistance (vasodilators) have been used;
these include beta-blockers, nitrates, 

 

a

 

2

 

-adrenergic
blockers, spironolactone, pentoxifylline, and molsi-
domine.

 

29-31

 

 Since varices are unlikely to bleed when
the hepatic venous pressure gradient is less than 12
mm Hg, reduction of the gradient to this level is ideal.
Substantial reductions in the hepatic venous pressure
gradient (by more than 20 percent) are also clinically
meaningful.

 

23,32-34

 

Beta-blockers reduce splanchnic blood flow, portal
pressure, and subsequently, gastroesophageal collateral
blood flow.

 

35,36

 

 Propranolol and nadolol, nonselective
beta-blockers, are preferred because of their combined
actions: blockade of 

 

b

 

1

 

-adrenergic receptors causes
splanchnic vasoconstriction by means of reflex acti-
vation of 

 

a

 

-adrenergic receptors, and blockade of

 

b

 

2

 

-adrenergic receptors results in splanchnic and pe-
ripheral vasoconstriction by eliminating 

 

b

 

2

 

-receptor–
mediated vasodilation.

 

37

 

 Reducing the portal pressure
by at least 20 percent or to a hepatic venous pressure
gradient of less than 12 mm Hg is associated with
significant protection against bleeding.

 

33,34

 

 In the ab-
sence of a determination of the hepatic venous pres-
sure gradient, the dose of beta-blockers is titrated on
the basis of clinical measurements to achieve a resting
heart rate of 55 beats per minute or a reduction of 25
percent from the base-line rate. In addition to their
side effects, an important problem with beta-block-
ers is their variable effect on portal pressure and the
consequent difficulty in predicting a clinical response.
For example, although portal venous pressure is re-
duced in 60 to 70 percent of patients who receive
propranolol, the reduction exceeds 20 percent in
only 10 to 30 percent of patients.

 

13,33,35

 

The effectiveness of beta-blockers for primary pro-
phylaxis against variceal bleeding has been demonstrat-
ed in several controlled trials.

 

38-40

 

 In addition, meta-
analyses have revealed a 40 to 50 percent reduction
in the risk of bleeding (from a 22 to 35 percent
probability to a 17 to 22 percent probability; pooled
odds ratio, 0.54) and a trend toward improved sur-
vival.

 

24,26,41

 

 Furthermore, an analysis comparing pro-
pranolol with sclerotherapy and shunt surgery found

 

*If the total score is 5 or 6, the cirrhosis is designated class
A; if the score is 7 to 9, the cirrhosis is class B; if the score
is 10 or higher, the cirrhosis is class C. The prognosis is di-
rectly related to the score. Adapted from Pugh et al.
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†To convert values for bilirubin to micromoles per liter,
multiply by 17.1.
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2 

 

POINTS

 

3 

 

POINTS

 

Encephalopathy Absent Mild to 
moderate

Severe to 
coma

Ascites Absent Slight Moderate

Bilirubin (mg/dl)† <2 2–3 >3

Albumin (g/liter) >3.5 2.8–3.5 <2.8

Prothrombin time (sec 
above normal)

1–4 4–6 >6
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propranolol to be the only cost effective form of pri-
mary prophylaxis.

 

42

 

In addition to beta-blockers, a number of vasodi-
lators have been investigated in patients with portal
hypertension. Isosorbide mononitrate has received
the greatest attention, in large part because of its long
half-life (approximately five hours). The mechanism of
action of nitrates is unclear — they may reduce intra-
hepatic resistance, reduce portal pressure by means of
reflex splanchnic arterial vasoconstriction in response
to vasodilatation in other vascular beds, or both.

 

43,44

 

Unfortunately, nitrates cannot currently be recom-
mended as monotherapy (even for those with an in-
tolerance of beta-blockers), because of their potential
to accentuate the vasodilative hemodynamics typical
of cirrhosis.

 

45,46

 

 In one study, nitrates were associated
with increased mortality in patients older than 50 years
of age.

 

46

 

The addition of isosorbide mononitrate to propran-
olol results in an enhanced reduction in portal pressure
and may improve protection against variceal bleed-
ing.

 

47

 

 For example, in a randomized trial of mono-

therapy as compared with combination therapy, iso-
sorbide mononitrate plus propranolol caused a reduc-
tion of more than 20 percent in the hepatic venous
pressure gradient in 50 percent of patients, whereas
propranolol alone caused such a reduction in only
10 percent of patients.

 

47

 

 In addition, in patients with
cirrhosis of Child–Pugh class A or B, isosorbide mon-
onitrate (in doses of up to 20 mg twice daily) plus
nadolol resulted in a reduction in the incidence of var-
iceal bleeding that was more than 50 percent greater
than the reduction achieved with nadolol monother-
apy (an incidence of 12 percent vs. 29 percent) over a
seven-year follow-up period.

 

48

 

 Patients with advanced
cirrhosis often cannot tolerate beta-blockers — let
alone beta-blockers in combination with nitrates —
and therefore the use of combination therapy in such
patients remains controversial.

 

Endoscopic Therapy

 

During the past 20 years, endoscopic therapies have
assumed a prominent role in the treatment of esoph-
ageal varices. Endoscopic sclerotherapy, most often

 

*TIPS denotes transjugular intrahepatic portosystemic shunt.

†Variceal hemorrhage occurs in 25 to 30 percent of patients within two years after the documentation of varices.

‡Beta-blockers reduce the risk of variceal hemorrhage to 15 to 18 percent, and the combination of beta-blockers and isosorbide mononitrate reduces the
risk to 8.5 to 10 percent. The beta-blocker propranolol is generally given as a long-acting preparation, and the dose is titrated to a maximum of 320 mg
per day. The initial dose of the beta-blocker nadolol is 20 mg per day, and the dose is increased up to a maximum of 80 mg per day.

§Octreotide is usually given as an infusion of 25 to 50 µg per hour (with or without a bolus). The dosage of terlipressin is 2 mg every 4 hours for the
first 24 hours, then 1 mg every 4 hours.

¶Bleeding recurs in approximately two thirds of patients within one year after the initial hemorrhage.
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OMMENTS

 

Primary prophylaxis† Beta-blockers alone or in combi-
nation with isosorbide mono-
nitrate‡

Nitrates alone are not recom-
mended.

In advanced (Child–Pugh class 
C) liver disease, optimal thera-
py is unclear (probably band li-
gation); transplantation should 
be considered for patients in 
this group.

Band ligation Band ligation is indicated for pa-
tients with contraindications 
to or intolerance of medical 
therapy.

The effectiveness of combined 
beta-blockers and band liga-
tion is unknown.

Neither TIPS nor sclerotherapy 
is recommended for primary 
prophylaxis.

Active variceal bleeding Octreotide (or terlipressin) and 
endoscopic therapy§

Octreotide (or terlipressin) 
should be continued for a 
minimum of 24–48 hr.

Band ligation may be superior 
to sclerotherapy.

Antibiotic prophylaxis should 
be considered, especially in 
patients with ascites.

Balloon tamponade

TIPS

Shunt surgery

Tamponade is indicated primari-
ly as a temporizing measure.

TIPS is reserved for those with 
refractory or recurrent early 
bleeding.

Surgery is reserved for those in 
whom TIPS is not feasible.

Secondary prophylaxis¶ Band ligation alone or in combi-
nation with beta-blockers 
with or without isosorbide 
mononitrate

The combination of band liga-
tion and beta-blockers with 
or without isosorbide mono-
nitrate is likely to be more ef-
fective than either alone.

Patients with advanced liver dis-
ease often have an intolerance 
to beta-blockers.

TIPS

Shunt surgery

TIPS is best used as a bridge to 
transplantation in patients 
with advanced liver disease.

Shunt surgery should be re-
served for selected patients 
with Child–Pugh class A and 
class B cirrhosis.
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with ethanol, morrhuate sodium, polidocanol, or so-
dium tetradecyl sulfate, has been used extensively, and
endoscopic variceal band ligation, recently facilitated
by the use of multiband ligating devices, has been im-
plemented over the course of the past decade. Each of
these treatments effectively eradicates esophageal var-
ices (Fig. 1). Recently, ligation has become favored in
most settings because it is as effective as sclerotherapy
in eradicating varices and leads to fewer complications.
Most trials have shown no advantage of sclerotherapy
in primary prophylaxis.

 

49

 

 Furthermore, one large ran-
domized, controlled study was halted prematurely be-
cause of increased mortality after sclerotherapy.

 

25

 

A recent trial comparing propranolol with endo-
scopic variceal ligation for the primary prevention of
variceal bleeding revealed that the actuarial rate of
bleeding was 43 percent with propranolol and 15 per-
cent with ligation.

 

50

 

 However, the results of this study
have been questioned because the rate of bleeding
in the propranolol group was higher than expected.
Nonetheless, ligation is an acceptable option for pa-
tients at high risk of variceal bleeding who have an
intolerance of or contraindications to medical therapy.
Ongoing studies will further classify its role in pri-
mary prophylaxis, including its possible use as an ad-
junct to pharmacologic therapy.

 

MANAGEMENT OF ACUTE VARICEAL 

HEMORRHAGE

 

Variceal hemorrhage is typically an acute clinical
event characterized by severe gastrointestinal hemor-

rhage presenting as hematemesis, with or without me-
lena or hematochezia. Hemodynamic instability (tach-
ycardia, hypotension, or both) is common. A suc-
cessful outcome, as in all cases of gastrointestinal
hemorrhage, hinges on prompt resuscitation, hemo-
dynamic support, and correction of hemostatic dys-
function, preferably in an intensive care unit.

After the stabilization of hemodynamics, the phy-
sician should focus on the differential diagnosis. Al-
though variceal bleeding is common in patients with
cirrhosis who have acute upper gastrointestinal hem-
orrhage, other causes of bleeding, such as ulcer dis-
ease, must be considered. Empirical pharmacologic
therapy is indicated in situations in which variceal
hemorrhage is likely (Fig. 3).

 

51,52

 

 Subsequently, esoph-
agogastroduodenoscopy facilitates an accurate diagno-
sis and endoscopic therapy. Physicians should con-
sider using endotracheal intubation as a precaution
against aspiration before they perform endoscopy in
patients with massive bleeding, severe agitation, or al-
tered mental status. Systemic antibiotics (e.g., third-
generation cephalosporins) should be considered —
especially for patients with ascites — because they
decrease the risk of bacterial infection and reduce mor-
tality.

 

53,54

 

Gastric variceal hemorrhage is characterized by mas-
sive bleeding that is often more severe than esophageal
variceal hemorrhage. Because of the higher likelihood
that gastric varices are caused by splenic venous throm-
bosis, this diagnosis must be considered in patients
without cirrhosis. The management of gastric varices
differs from that of esophageal varices in that gastric
variceal bleeding and recurrent bleeding are usually
much more difficult to control, especially endoscop-
ically.

There are several treatment options for patients with
acute variceal hemorrhage. The optimal treatment var-
ies and depends on multiple clinical factors (Fig. 3).

 

Pharmacologic Therapy

 

A critical advantage of pharmacologic therapies for
acute hemorrhage is that they can be administered
early and do not require special technical expertise.
Pharmacologic therapy has thus evolved into an at-
tractive first-line approach in patients with probable
variceal hemorrhage.

Vasopressin reduces splanchnic blood flow and por-
tal pressure. Because of its short half-life, vasopressin
must be given by continuous intravenous infusion. Its
use is limited because it may cause systemic vasocon-
striction and severe vascular complications such as
myocardial and mesenteric ischemia and infarction.

 

55

 

The addition of nitroglycerine to vasopressin results
in improved therapeutic efficacy and a reduction in
the vascular side effects.

 

56,57

 

Terlipressin is a synthetic vasopressin analogue with
fewer side effects and a longer half-life than vasopres-
sin and thus can be used in bolus form. This advan-

 

Figure 2.

 

 Suggested Algorithm for Primary Prophylaxis of Var-
iceal Bleeding in Patients with Cirrhosis.
EVBL denotes endoscopic variceal band ligation, and OLT or-
thotopic liver transplantation.

Cirrhosis and high risk of variceal bleeding'
Large varices'

Presence of red wale markings

Child–Pugh class A'
or B cirrhosis

Propranolol or nadolol'
with or without nitrates

Contraindications to or'
intolerance of therapy

Consider EVBL

Child–PughŁ
class C cirrhosis

EvaluateŁ
for OLT

Consider EVBL orŁ
medical therapyŁ

or both
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tage has led to its successful use for suspected variceal
bleeding.51 Although terlipressin appears to be at least
as effective as vasopressin, somatostatin, or endoscop-
ic therapy, it is currently not available in the United
States.58,59

Somatostatin, a naturally occurring peptide, and its
synthetic analogues, octreotide and vapreotide, stop
variceal hemorrhage in up to 80 percent of patients
and are generally considered to be equivalent to vas-
opressin, terlipressin, and endoscopic therapy for the
control of acute variceal bleeding.59-61 The mecha-
nism of action of somatostatin and octreotide is un-
clear, but they may work by preventing postprandial
hyperemia (blood in the gut stimulates splanchnic
blood flow) or by reducing portal pressure through
effects on vasoactive peptides (i.e., substance P or glu-
cagon). Both somatostatin and octreotide, given in-
travenously, have few side effects (which include mild

hyperglycemia and abdominal cramping). Because of
their excellent safety profile and the absence of system-
ic circulatory effects, somatostatin, octreotide, and va-
preotide can be used without special monitoring.

An important new approach to treatment has been
the use of pharmacologic agents such as octreotide in
combination with endoscopic therapy. The addition
of octreotide (or vapreotide) to endoscopic sclerother-
apy or ligation for a period of five days resulted in
improved control of bleeding and reduced transfusion
requirements,62,63 particularly within the first 24 to
48 hours.

Endoscopic Therapy

Endoscopic therapy has revolutionized the care of
patients with cirrhosis who have acute variceal hem-
orrhage. Indeed, current endoscopic therapies are ca-
pable of stopping bleeding in nearly 90 percent of
patients.

Endoscopic sclerotherapy stops bleeding in 80 to
90 percent of patients with acute variceal hemor-
rhage.7,64-66 The advantages of sclerotherapy include its
ability to establish definitive control of bleeding under
direct endoscopic guidance, its wide availability, its
ease of use, and its low cost. Its drawbacks include a
small, albeit important, risk of local complications,
including perforation, ulceration, and stricture.

Randomized trials of patients with acute variceal
bleeding have shown that endoscopic variceal band
ligation is essentially equivalent to sclerotherapy in
achieving initial hemostasis.67-69 The complications as-
sociated with ligation are fewer and include superficial
ulcerations and, rarely, the formation of strictures.67,69

One drawback of ligation in cases of acute bleeding is
that the use of a band ligating device can make visu-
alization of the (bloody) endoscopic field difficult.

Because gastric varices are located deeper in the
submucosa than esophageal varices, sclerotherapy and
ligation are usually ineffective in controlling acute
bleeding from gastric varices and may be hazardous.
N-butyl-2-cyanoacrylate (tissue glue) has been shown
to be effective for bleeding gastric varices,70 but no
data are available from a randomized trial. In addition,
endoscopic ligation with a detachable mini-snare has
been shown, in small, uncontrolled trials, to be effec-
tive for bleeding gastric varices.71

Balloon Tamponade

Balloon tamponade applies direct pressure to the
bleeding varix with an inflatable balloon fitted on a
specialized nasogastric tube (e.g., Minnesota tube).
Only experienced physicians should use this technique.
Properly applied balloon tamponade successfully
achieves hemostasis in the majority of cases.72 Unfor-
tunately, recurrent bleeding after the decompression of
the balloon is common, and thus, tamponade should
be used as a rescue procedure and a bridge to more de-
finitive therapy in cases of uncontrolled hemorrhage.

Figure 3. Suggested Management of Acute Variceal Hemor-
rhage.
TIPS denotes transjugular intrahepatic portosystemic shunt.

No further bleeding

Institute preventive'
program

Early recurrence

Repeat endoscopic'
therapy

Recurrent or'
uncontrolled bleeding

Balloon tamponade

Consider TIPS

EsophagealŁ
variceal bleeding

Intravenous octreotide'
or terlipressin

Urgent endoscopic therapy

Continue intravenous'
octreotide (1–2 days)
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Transjugular Intrahepatic Portosystemic Shunt

Treatment with a transjugular intrahepatic porto-
systemic shunt consists of the vascular placement of
an expandable metal stent across a tract created be-
tween a hepatic vein and a major intrahepatic branch
of the portal system (Fig. 1). Transjugular shunting
leads to hemodynamic changes similar to those that
result from the placement of a partially decompres-
sive side-to-side portacaval shunt. Although transjug-
ular intrahepatic portosystemic shunts are associated
with substantially lower morbidity and mortality than
surgical shunts, immediate complications (such as
bleeding and infection) can occur.

A major advantage of transjugular shunting for
the 5 to 10 percent of patients with refractory acute
variceal bleeding, including those with gastric variceal
bleeding, is that if it can be successfully performed,
it almost invariably stops the bleeding.73,74 However,
patients who have advanced liver disease and multi-
organ failure at the time of shunting have a 30-day
mortality that approaches 100 percent.73,75

Surgical Therapy

Surgical shunting should be considered in cases of
continued hemorrhage or recurrent early rebleeding
that cannot be controlled by endoscopic or pharma-
cologic means — and when transjugular shunting is
not available or technically feasible. Surgical options
include portosystemic shunting or esophageal staple
transection with or without esophagogastric devas-
cularization.7,76 Regardless of the choice of surgical
technique, morbidity is high in patients with advanced
liver disease, and the 30-day mortality associated with
emergency surgery approaches 80 percent in such
patients.73

PREVENTION OF RECURRENT 

VARICEAL BLEEDING

Variceal hemorrhage recurs in approximately two
thirds of patients, most commonly within the first six
weeks after the initial episode.8,77,78 Clinical predictors
of early recurrence include the severity of the initial
hemorrhage (i.e., the development of hypotension
or a substantial transfusion requirement), the degree
of liver decompensation, and the presence of enceph-
alopathy and impaired renal function.79 Endoscopic
features predictive of early recurrence include active
bleeding at the time of the initial endoscopy, stig-
mata of recent bleeding, and large varices.16,79 In ad-
dition, the severity of portal hypertension, measured
by the hepatic venous pressure gradient, correlates
closely with the risk of recurrent bleeding as well as
with the actuarial survival rate after an initial variceal
hemorrhage (implying that the measurement of the
hepatic venous pressure gradient could be useful for
the triage of high-risk patients).22,80

Given the risk of recurrent hemorrhage and its as-
sociated morbidity and mortality, secondary prophy-

laxis should be instituted after the initial episode (Fig.
1, 4, and 5). However, there are some types of cases
for which management is controversial and not stand-
ardized. For example, secondary prophylaxis with sur-
gical shunts may be more effective than medical or
endoscopic therapy in patients with Child–Pugh class
A or B cirrhosis with preserved synthetic function.
The effectiveness of shunts notwithstanding, their use
is critically dependent on the local availability of sur-
gical expertise.

Pharmacologic Therapy

Reducing the portal pressure by more than 20 per-
cent from the base-line value pharmacologically re-
sults in a reduction in the cumulative probability of
recurrent bleeding from 28 percent at one year, 39
percent at two years, and 66 percent at three years
to 4 percent, 9 percent, and 9 percent, respectively.33

Although adjusting medical therapy on the basis of
a measurement of portal pressure would be ideal, the
means to determine the hepatic venous pressure gra-
dient may not be readily available; thus, therapy must
be adjusted with the use of empirical clinical variables.

A number of pharmacologic agents that reduce por-
tal pressure have been proposed for use in secondary
prophylaxis,29-31 but the only ones for which there is
sufficient evidence of efficacy are beta-blockers. Sev-
eral randomized, placebo-controlled trials, including
a meta-analysis, have demonstrated that nonselective
beta-blockers decrease the risk of recurrent bleeding
and prolong survival.81-84 An important consideration
regarding beta-blockers, however, is their side effects,
which often limit their usefulness in patients with cir-
rhosis.

The addition of isosorbide mononitrate to beta-
blockers appears to enhance the protective effect of
beta-blockers alone for the prevention of recurrent
variceal bleeding85 but offers no survival advantage and
reduces the tolerability of therapy. The combination
of beta-blockers and isosorbide mononitrate has been
compared with endoscopic sclerotherapy in a random-
ized trial in patients with Child–Pugh class A or B cir-
rhosis.34 Over a mean follow-up period of 18 months,
nadolol plus isosorbide mononitrate was found to be
superior to sclerotherapy for the prevention of recur-
rent bleeding (incidence of recurrent bleeding, 25 per-
cent vs. 53 percent). Furthermore, there was a trend
toward improved survival in the medical-therapy
group, but the difference was not statistically signif-
icant. In addition, the combination of beta-blockers
and isosorbide mononitrate has recently been com-
pared with endoscopic variceal band ligation in a ran-
domized trial including patients with Child–Pugh
class A, B, or C cirrhosis.86 The frequency of recur-
rent bleeding was 49 percent in the ligation group as
compared with 33 percent in the medication group
for all patients (P=0.04), but after stratification ac-
cording to Child–Pugh class, pharmacologic therapy
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was found to be effective largely in patients with
Child–Pugh class A or B disease. Notably, in patients
who had a hemodynamic response to therapy (defined
as a reduction in the hepatic venous pressure gradient
to less than 12 mm Hg or by more than 20 percent
of the base-line value), the risk of recurrent bleeding
and of death was significantly reduced. 

Endoscopic Therapy

Endoscopic therapy has been established during the
past decade as a cornerstone of treatment for the pre-
vention of recurrent esophageal variceal hemorrhage.
Gastric varices, however, cannot be treated effectively
by endoscopic sclerotherapy or ligation. Patients with
recurrent gastric variceal hemorrhages are best treated
by N-butyl-2-cyanoacrylate injection70 or by nonen-
doscopic means.

Sclerotherapy reduces the risk of recurrent esoph-
ageal variceal bleeding from approximately 65 percent

to between 30 and 35 percent at one year,67,87 but it
does not appear to reduce overall mortality. Sclero-
therapy is performed every 10 to 14 days until the
varices are eradicated, which usually takes five or six
sessions. A meta-analysis of nine trials found sclero-
therapy and beta-blockers to be equivalent with re-
spect to the risk of recurrent bleeding and the rate
of survival.88 Moreover, combination pharmacother-
apy (beta-blockers plus isosorbide mononitrate) is su-
perior to sclerotherapy alone in patients with Child–
Pugh class A or B cirrhosis.34

Endoscopic variceal band ligation is highly effec-
tive in obliterating varices. Ligation is associated with
a lower risk of recurrent bleeding than is sclerotherapy
(approximately 25 vs. 30 percent at one year), fewer
complications, lower overall cost, and higher rates of
survival.67,69,87,89 Therefore, ligation should be con-
sidered standard therapy for secondary prophylaxis.
As with sclerotherapy, ligation is performed every 10

Figure 4. Relative Effectiveness of Available Therapies for the Prevention of Recurrent Variceal Bleeding.
The estimates shown are based on the cumulative data available in the literature (recurrent bleeding at one year). EVBL
denotes endoscopic variceal band ligation, and TIPS transjugular intrahepatic portosystemic shunt.
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to 14 days until the varices have been eradicated,
which typically requires three or four sessions.

Approaches that combine methods, usually in-
cluding an endoscopic treatment and a pharmacologic
treatment, are attractive given the pathophysiology of
gastroesophageal variceal hemorrhage and may be
more effective than either form of therapy alone. Com-
bined sclerotherapy and beta-blockers led to a lower
incidence of recurrent bleeding than beta-blockers
alone (but provided no survival benefit).90,91 In ad-
dition, the combination of ligation and nadolol was
significantly more effective than ligation alone in pre-
venting recurrences.92 Although the addition of scler-
otherapy to ligation may theoretically offer greater

protection against recurrent bleeding, this combina-
tion does not appear to be advantageous.93,94 Nonethe-
less, certain combination approaches that target more
than one pathophysiologic factor are likely to become
popular.

Transjugular Intrahepatic Portosystemic Shunt

Transjugular shunting is more effective than endo-
scopic therapy for the prevention of recurrent variceal
bleeding.95-97 The cumulative risk of recurrence after
transjugular shunting is 8 to 18 percent at one year.95-97

The tradeoff, however, is an increased incidence of
clinically significant hepatic encephalopathy, since new
or worsened encephalopathy occurs in at least 25 per-

Figure 5. Suggested Algorithm for the Prevention of Recurrent Variceal Bleeding.
In patients with Child–Pugh class C cirrhosis, pharmacologic therapy is often associated with intolerable side effects.
The determination of the hepatic venous pressure gradient (HVPG) may be helpful in assessing the response to phar-
macologic therapy and the risk of recurrent bleeding. If varices are not eradicated by endoscopic variceal band ligation
(EVBL) and the patient cannot tolerate beta-blockade, consider a transjugular intrahepatic portosystemic shunt (TIPS).
In patients with Child–Pugh class A or B cirrhosis, the determination of the HVPG is preferred if it is available. If it is
not available, beta-blockade with assessment of hemodynamic variables is recommended. Further management de-
pends on the severity of the liver disease, the patient’s compliance with treatment, the clinical response, and the med-
ical expertise available locally. OLT denotes orthotopic liver transplantation.
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cent of patients after shunting.98,99 In addition, the use
of a transjugular shunt offers no survival benefit over
endoscopic therapy, and patients with advanced liver
disease may have poor outcomes after shunting.75,100,101

Consequently, transjugular shunting should be used
with caution in patients with advanced liver disease;
we believe that this method is best used as a bridge
to transplantation.

Stenosis and dysfunction of the shunt after trans-
jugular shunting represent an important complication;
the reported rates are 31 percent at one year and 47
percent at two years.102,103 Doppler ultrasonographic
examination is routinely performed at some centers
to evaluate the patency of the shunt, but it has ex-
tremely low sensitivity and specificity.104 Balloon di-
lation or replacement of the occluded stent is often
required. In aggregate, hepatic encephalopathy and
stenosis of the shunt result in substantial affiliated
costs. Indeed, an analysis comparing the cost of trans-
jugular shunting with that of sclerotherapy found no
difference in the cumulative cost despite the lower
incidence of recurrent bleeding with shunting.105

Surgical Therapy

Decompressive surgical shunts, including nonselec-
tive and selective shunts (Fig. 1), are preferred for pa-
tients who are noncompliant with medical or endo-
scopic therapy and for those who are not candidates
for liver transplantation. Although nonselective shunts
are effective in eradicating varices and preventing re-
current bleeding, they are associated with important
operative and postoperative complications. Selective

shunts are slightly less effective in achieving portal
decompression but typically preserve liver function
more effectively than nonselective shunts and do not
adversely affect the potential for future liver trans-
plantation. Elective surgical therapy is largely reserved
for patients with Child–Pugh class A or B cirrhosis.
Assuming that appropriate surgical expertise is avail-
able, the choice of surgical therapy should be individ-
ualized and must take into account the severity of the
liver disease, the patient’s compliance, and the likeli-
hood of progressive liver dysfunction.

Commonly used shunts include the distal spleno-
renal shunt and the low-diameter (mesocaval or por-
tacaval) interposition shunt. Rates of recurrent bleed-
ing range from 10 to 20 percent, with the highest risk
occurring during the first month after surgery.106,107

Devascularization procedures (i.e., esophageal transec-
tion and devascularization) are usually considered in
patients who cannot receive shunts because of splanch-
nic venous thrombosis and should be performed only
by experienced surgeons.

COST EFFECTIVENESS OF AVAILABLE 

THERAPIES

Data on the cost of variceal bleeding and the cost
effectiveness of commonly used therapies are limit-
ed.5,105,108-110 The cost of treatment for an episode of
variceal bleeding has been estimated at $10,000 to
$35,000.5,111 The cost effectiveness of the diagnostic
methods used to guide therapy remains largely un-
known. For example, the determination of the hepatic
venous pressure gradient, which may accurately pre-

*HVPG denotes hepatic venous pressure gradient.

†The risk of bleeding varies with the severity of the liver disease.

‡Costs represent the hospital charges, where applicable. The cost of care for bleeding episodes is not included.

TABLE 3. EFFICACY AND COST OF TREATMENTS FOR THE PREVENTION OF RECURRENT VARICEAL BLEEDING IN PATIENTS WITH CIRRHOSIS.*

TREATMENT

CHARACTERISTICS OF 
SUITABLE PATIENTS

RISK OF BLEEDING

AT 12 MO† COST AT 12 MO‡ COMMENTS

% $

Medical therapy (nadolol or pro-
pranolol and isosorbide mono-
nitrate)

Child–Pugh class A or B cirrhosis
Reduction of »20% in HVPG 

with medication
High degree of compliance

4–25 3,000–3,700 Includes cost of HVPG determina-
tion at base line and at 1–2 mo 
of therapy

Endoscopic variceal band ligation Child–Pugh class A–C cirrhosis
Compliance with repeated medical 

therapy

20–30 8,500–9,500 Estimate based on a mean of 4 ses-
sions until varices are obliterated 
followed by diagnostic esopha-
goscopy at 3 and 12 mo

Transjugular intrahepatic porto-
systemic shunt

Current or future candidates for 
liver transplantation

8–15 12,000–
15,000

Includes cost of Doppler ultraso-
nography of shunt every 3 mo to 
monitor for stenosis or occlusion

Distal splenorenal shunt or low-
diameter (mesocaval or porto-
caval) interposition shunt

Child–Pugh class A or B 
Good liver function

5–10 25,000–
40,000

Includes preoperative venous phase 
arteriography and measurement 
of liver volume
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dict the pharmacologic response to therapy,23 is an at-
tractive, although invasive, adjunct in the treatment of
patients with variceal bleeding, but its cost effective-
ness is unknown. Finally, although screening endosco-
py is recommended for the detection of large varices,
it has not been demonstrated to be cost effective.

When choosing a specific treatment plan, the cli-
nician must take into consideration the direct costs as
well as the efficacy of various therapies and the mor-
bidity associated with them. The physician should tai-
lor the treatment plan to the patient’s clinical condi-
tion while taking into account the possibility that the
patient’s liver disease may progress and thus necessi-
tate transplantation. Furthermore, when calculating
the cost effectiveness of various methods of treatment,
clinicians should factor in the cost of failed therapy
(e.g., recurrent bleeding and revision of the shunt,
especially for transjugular intrahepatic portosystemic
shunts, since this form of shunt is associated with a
high incidence of stenosis) and that of treatment-
related complications (e.g., encephalopathy and esoph-
ageal stricture).110 Common methods of treatment
used for primary and secondary prophylaxis and for
acute bleeding in patients with variceal hemorrhage
are listed in Table 3.

CONCLUSIONS

Gastroesophageal variceal hemorrhage is a common
and devastating complication of portal hypertension
and is a leading cause of disability and death in pa-
tients with cirrhosis. Because outcomes are poor once
variceal bleeding has occurred, primary prophylaxis is
indicated. Although the role of endoscopic variceal
band ligation in primary prophylaxis is not established,
treatment with beta-blockers is well accepted. The
treatment of acute variceal hemorrhage is aimed at vol-
ume restoration and ensuring hemostasis with phar-
macologic agents, endoscopic techniques (ligation or
sclerotherapy), or both. Because there is a high risk
of recurrence after an initial hemorrhage, preventive
strategies are required and should be tailored to the
patient’s clinical condition, surgical risk, and progno-
sis. As with the treatment of acute hemorrhage, treat-
ment with a combination of methods is likely to gain
in popularity.
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and the National Institutes of Health (DK 02124 and DK57830).

REFERENCES

1. Laine L. Upper gastrointestinal tract hemorrhage. West J Med 1991;
155:274-9.
2. The North Italian Endoscopic Club for the Study and Treatment of 
Esophageal Varices. Prediction of the first variceal hemorrhage in patients 
with cirrhosis of the liver and esophageal varices: a prospective multicenter 
study. N Engl J Med 1988;319:983-9.
3. Groszmann RJ, Bosch J, Grace ND, et al. Hemodynamic events in a 
prospective randomized trial of propranolol versus placebo in the preven-
tion of a first variceal hemorrhage. Gastroenterology 1990;99:1401-7.
4. Gores GJ, Wiesner RH, Dickson ER, Zinsmeister AR, Jorgensen RA, 

Langworthy A. Prospective evaluation of esophageal varices in primary bil-
iary cirrhosis: development, natural history, and influence on survival. Gas-
troenterology 1989;96:1552-9.
5. Gralnek IM, Jensen DM, Kovacs TOG, et al. The economic impact of 
esophageal variceal hemorrhage: cost-effectiveness implications of endo-
scopic therapy. Hepatology 1999;29:44-50.
6. Burroughs AK, McCormick PA. Natural history and prognosis of vari-
ceal bleeding. Baillieres Clin Gastroenterol 1992;6:437-50.
7. Cello JP, Grendell JH, Crass RA, Weber TE, Trunkey DD. Endoscopic 
scleropathy versus portacaval shunt in patients with severe cirrhosis and acute 
variceal hemorrhage: long-term follow-up. N Engl J Med 1987;316:11-5.
8. Graham DY, Smith JL. The course of patients after variceal hemorrhage. 
Gastroenterology 1981;80:800-9.
9. Koransky JR, Galambos JT, Hersh T, Warren WD. The mortality of 
bleeding esophageal varices in a private university hospital. Am J Surg 
1978;136:339-41.
10. Rockey DC, Fouassier L, Chung JJ, et al. Cellular localization of endo-
thelin-1 and increased production in liver injury in the rat: potential for au-
tocrine and paracrine effects on stellate cells. Hepatology 1998;27:472-80.
11. Rockey DC, Chung JJ. Reduced nitric oxide production by endothe-
lial cells in cirrhotic rat liver: endothelial dysfunction in portal hyperten-
sion. Gastroenterology 1998;114:344-51.
12. Gupta TK, Toruner M, Chung MK, Groszmann RJ. Endothelial dys-
function and decreased production of nitric oxide in the intrahepatic mi-
crocirculation of cirrhotic rats. Hepatology 1998;28:926-31.
13. Polio J, Groszmann RJ. Hemodynamic factors involved in the devel-
opment and rupture of esophageal varices: a pathophysiologic approach to 
treatment. Semin Liver Dis 1986;6:318-31.
14. Garcia-Tsao G, Groszmann RJ, Fisher RL, Conn HO, Atterbury CE, 
Glickman M. Portal pressure, presence of gastroesophageal varices and var-
iceal bleeding. Hepatology 1985;5:419-24.
15. Viallet A, Marleau D, Huet M, et al. Hemodynamic evaluation of pa-
tients with intrahepatic portal hypertension: relationship between bleeding 
varices and the portohepatic gradient. Gastroenterology 1975;69:1297-
300.
16. Lebrec D, De Fleury P, Rueff B, Nahum H, Benhamou JP. Portal hy-
pertension, size of esophageal varices, and risk of gastrointestinal bleeding 
in alcoholic cirrhosis. Gastroenterology 1980;79:1139-44.
17. Cales P, Zabotto B, Meskens C, et al. Gastroesophageal endoscopic 
features in cirrhosis: observer variability, interassociations, and relationship 
to hepatic dysfunction. Gastroenterology 1990;98:156-62.
18. Beppu K, Inokuchi K, Koyanagi N, et al. Prediction of variceal hem-
orrhage by esophageal endoscopy. Gastrointest Endosc 1981;27:213-8.
19. Pugh RNH, Murray-Lyon IM, Dawson JL, Pietroni MC, Williams R. 
Transection of the oesophagus for bleeding oesophageal varices. Br J Surg 
1973;60:646-9.
20. Boyer TD, Triger DR, Horisawa M, Redeker AG, Reynolds TB. Direct 
transhepatic measurement of portal vein pressure using a thin needle: com-
parison with wedged hepatic vein pressure. Gastroenterology 1977;72:584-
9.
21. Vorobioff J, Groszmann RJ, Picabea E, et al. Prognostic value of he-
patic venous pressure gradient measurements in alcoholic cirrhosis: a 10-
year prospective study. Gastroenterology 1996;111:701-9.
22. Moitinho E, Escorsell A, Bandi JC, et al. Prognostic value of early 
measurements of portal pressure in acute variceal bleeding. Gastroenterol-
ogy 1999;117:626-31.
23. Merkel C, Bolognesi M, Sacerdoti D, et al. The hemodynamic re-
sponse to medical treatment of portal hypertension as a predictor of clinical 
effectiveness in the primary prophylaxis of variceal bleeding in cirrhosis. 
Hepatology 2000;32:930-4.
24. Poynard T, Calès P, Pasta L, et al. Beta-adrenergic–antagonist drugs 
in the prevention of gastrointestinal bleeding in patients with cirrhosis and 
esophageal varices: an analysis of data and prognostic factors in 589 pa-
tients from four randomized clinical trials. N Engl J Med 1991;324:1532-
8.
25. The Veterans Affairs Cooperative Variceal Sclerotherapy Group. Pro-
phylactic sclerotherapy for esophageal varices in men with alcoholic liver 
disease: a randomized, single-blind, multicenter clinical trial. N Engl J Med 
1991;324:1779-84.
26. D’Amico G, Pagliaro L, Bosch J. Pharmacological treatment of portal 
hypertension: an evidence-based approach. Semin Liver Dis 1999;19:475-
505.
27. Chalasani N, Imperiale TF, Ismail A, et al. Predictors of large esophageal 
varices in patients with cirrhosis. Am J Gastroenterol 1999;94:3285-91.
28. Schepis F, Camma C, Niceforo D, et al. Which patients with cirrhosis 
should undergo endoscopic screening for esophageal varices detection? 
Hepatology 2001;33:333-8.
29. Albillos A, Lledo JL, Rossi I, et al. Continuous prazosin administra-
tion in cirrhotic patients: effects on portal hemodynamics and on liver and 
renal function. Gastroenterology 1995;109:1257-65.



680 · N Engl J Med, Vol. 345, No. 9 · August 30, 2001 · www.nejm.org

The New England Journal  of  Medicine

30. Garcia-Pagan JC, Salmeron JM, Feu F, et al. Effects of low-sodium 
diet and spironolactone on portal pressure in patients with compensated 
cirrhosis. Hepatology 1994;19:1095-9.
31. Ruiz del Arbol L, Garcia-Pagan JC, Feu F, Pizcueta MP, Bosch J, 
Rodes J. Effects of molsidomine, a long acting venous dilator, on portal 
hypertension: a hemodynamic study in patients with cirrhosis. J Hepatol 
1991;13:179-86.
32. Groszmann RJ, Bosch J, Grace ND, et al. Hemodynamic events in a 
prospective randomized trial of propranolol versus placebo in the preven-
tion of a first variceal hemorrhage. Gastroenterolgy 1990;99:1401-7.
33. Feu F, Garcia-Pagan JC, Bosch J, et al. Relation between portal pres-
sure response to pharmacotherapy and risk of recurrent variceal haemor-
rhage in patients with cirrhosis. Lancet 1995;346:1056-9.
34. Villanueva C, Balanzó J, Novella MT, et al. Nadolol plus isosorbide 
mononitrate compared with sclerotherapy for the prevention of variceal re-
bleeding. N Engl J Med 1996;334:1624-9.
35. Garcia-Tsao G, Grace ND, Groszmann RJ, et al. Short-term effects of 
propranolol on portal venous pressure. Hepatology 1986;6:101-6.
36. Lebrec D, Hillon P, Munoz C, Goldfarb G, Nouel O, Benhamou JP. 
The effect of propranolol on portal hypertension in patients with cirrhosis: 
a hemodynamic study. Hepatology 1982;2:523-7.
37. Hillon P, Lebrec D, Munoz C, Jungers M, Goldfarb G, Benhamou JP. 
Comparison of the effects of a cardioselective and a nonselective beta-
blocker on portal hypertension in patients with cirrhosis. Hepatology 
1982;2:528-31.
38. Pascal J-P, Cales P, Multicenter Study Group. Propranolol in the pre-
vention of first upper gastrointestinal tract hemorrhage in patients with cir-
rhosis of the liver and esophageal varices. N Engl J Med 1987;317:856-61. 
[Erratum, N Engl J Med 1988;318:994.]
39. Lebrec D, Poynard T, Capron JP, et al. Nadolol for prophylaxis of gas-
trointestinal bleeding in patients with cirrhosis: a randomized trial. J Hepa-
tol 1988;7:118-25.
40. Conn HO, Grace ND, Bosch J, et al. Propranolol in the prevention of 
the first hemorrhage from esophagogastric varices: a multicenter, random-
ized clinical trial. Hepatology 1991;13:902-12.
41. Pagliaro L, D’Amico G, Sorensen TI, et al. Prevention of first bleeding 
in cirrhosis: a meta-analysis of randomized trials of nonsurgical treatment. 
Ann Intern Med 1992;117:59-70.
42. Teran JC, Imperiale TF, Mullen KD, Tavill AS, McCullough AJ. Pri-
mary prophylaxis of variceal bleeding in cirrhosis: a cost-effectiveness analy-
sis. Gastroenterology 1997;112:473-82.
43. Blei AT, Gottstein J. Isosorbide dinitrate in experimental portal hyper-
tension: a study of factors that modulate the hemodynamic response. Hep-
atology 1986;6:107-11.
44. Rockey DC. Vasoactive agents in intrahepatic portal hypertension and 
fibrogenesis: implications for therapy. Gastroenterology 2000;118:1261-5.
45. Salmeron JM, Ruiz del Arbol L, Gines A, et al. Renal effects of acute 
isosorbide-5-mononitrate administration in cirrhosis. Hepatology 1993;17:
800-6.
46. Angelico M, Carli L, Piat C, Gentile S, Capocaccia L. Effects of iso-
sorbide-5-mononitrate compared with propranolol on first bleeding and 
long-term survival in cirrhosis. Gastroenterology 1997;113:1632-9.
47. Garcia-Pagan JC, Feu F, Bosch J, Rodes J. Propranolol compared with 
propranolol plus isosorbide-5-mononitrate for portal hypertension in cir-
rhosis: a randomized controlled study. Ann Intern Med 1991;114:869-73.
48. Merkel C, Marin R, Sacerdoti D, et al. Long-term results of a clinical 
trial of nadolol with or without isosorbide mononitrate for primary pro-
phylaxis of variceal bleeding in cirrhosis. Hepatology 2000;31:324-9.
49. Teres J, Bosch J, Bordas JM, et al. Propranolol versus sclerotherapy in 
preventing variceal rebleeding: a randomized controlled trial. Gastroenter-
ology 1993;105:1508-14.
50. Sarin SK, Lamba GS, Kumar M, Misra A, Murthy NS. Comparison 
of endoscopic ligation and propranolol for the primary prevention of vari-
ceal bleeding. N Engl J Med 1999;340:988-93.
51. Levacher S, Letoumelin P, Pateron D, Blaise M, Lapandry C, Pourriat 
JL. Early administration of terlipressin plus glyceryl trinitrate to control ac-
tive upper gastrointestinal bleeding in cirrhotic patients. Lancet 1995;346:
865-8.
52. Calès P, Masliah C, Bernard B, et al. Early administration of vapreotide 
for variceal bleeding in patients with cirrhosis. N Engl J Med 2001;344:
23-8.
53. Blaise M, Pateron D, Trinchet JC, Levacher S, Beaugrand M, Pourriat 
JL. Systemic antibiotic therapy prevents bacterial infection in cirrhotic pa-
tients with gastrointestinal hemorrhage. Hepatology 1994;20:34-8.
54. Bernard B, Grange JD, Khac EN, Amiot X, Opolon P, Poynard T. Anti-
biotic prophylaxis for the prevention of bacterial infections in cirrhotic patients 
with gastrointestinal bleeding: a meta-analysis. Hepatology 1999;29:1655-61.
55. Conn HO, Ramsby GR, Storer EH, et al. Intraarterial vasopressin in 
the treatment of upper gastrointestinal hemorrhage: a prospective, con-
trolled clinical trial. Gastroenterology 1975;68:211-21.

56. Bosch J, Groszmann RJ, Garcia-Pagan JC, et al. Association of trans-
dermal nitroglycerin to vasopressin infusion in the treatment of variceal 
hemorrhage: a placebo-controlled clinical trial. Hepatology 1989;10:962-
8.
57. Gimson AE, Westaby D, Hegarty J, Watson A, Williams R. A random-
ized trial of vasopressin and vasopressin plus nitroglycerin in the control of 
acute variceal hemorrhage. Hepatology 1986;6:410-3.
58. Escorsell A, Ruiz del Arbol L, Planas R, et al. Multicenter randomized 
controlled trial of terlipressin versus sclerotherapy in the treatment of acute 
variceal bleeding: the TEST study. Hepatology 2000;32:471-6.
59. Feu F, Ruiz del Arbol L, Banares R, Planas R, Bosch J. Double-blind 
randomized controlled trial comparing terlipressin and somatostatin for 
acute variceal hemorrhage. Gastroenterology 1996;111:1291-9.
60. Jenkins SA, Shields R, Davies M, et al. A multicentre randomised trial 
comparing octreotide and injection sclerotherapy in the management and 
outcome of acute variceal haemorrhage. Gut 1997;41:526-33.
61. Sung JJ, Chung SC, Lai CW, et al. Octreotide infusion or emergency 
sclerotherapy for variceal haemorrhage. Lancet 1993;342:637-41.
62. Besson I, Ingrand P, Person B, et al. Sclerotherapy with or without 
octreotide for acute variceal bleeding. N Engl J Med 1995;333:555-60.
63. Sung JJ, Chung SC, Yung MY, et al. Prospective randomised study of 
effect of octreotide on rebleeding from oesophageal varices after endoscop-
ic ligation. Lancet 1995;346:1666-9.
64. Westaby D, Hayes PC, Gimson AE, Polson RJ, Williams R. Controlled 
clinical trial of injection sclerotherapy for active variceal bleeding. Hepatol-
ogy 1989;9:274-7.
65. Lo GH, Lai KH, Ng WW, et al. Injection sclerotherapy preceded by 
esophageal tamponade versus immediate sclerotherapy in arresting active 
variceal bleeding: a prospective randomized trial. Gastrointest Endosc 
1992;38:421-4.
66. Burroughs AK, Hamilton G, Phillips A, Mezzanotte G, McIntyre N, 
Hobbs KEF. A comparison of sclerotherapy with staple transection of the 
esophagus for the emergency control of bleeding from esophageal varices. 
N Engl J Med 1989;321:857-62.
67. Laine L, el-Newihi HM, Migikovsky B, Sloane R, Garcia F. Endoscop-
ic ligation compared with sclerotherapy for the treatment of bleeding 
esophageal varices. Ann Intern Med 1993;119:1-7.
68. Lo GH, Lai KH, Cheng JS, et al. Emergency banding ligation versus 
sclerotherapy for the control of active bleeding from esophageal varices. 
Hepatology 1997;25:1101-4.
69. Stiegmann GV, Goff JS, Michaletz-Onody PA, et al. Endoscopic scler-
otherapy as compared with endoscopic ligation for bleeding esophageal 
varices. N Engl J Med 1992;326:1527-32.
70. Huang YH, Yeh HZ, Chen GH, et al. Endoscopic treatment of bleed-
ing gastric varices by N-butyl-2-cyanoacrylate (Histoacryl) injection: long-
term efficacy and safety. Gastrointest Endosc 2000;52:160-7.
71. Cipolletta L, Bianco MA, Rotondano G, Piscopo R, Prisco A, Garo-
fano ML. Emergency endoscopic ligation of actively bleeding varices with 
a detachable snare. Gastrointest Endosc 1998;47:400-3.
72. Fort E, Sautereau D, Silvain C, Ingrand P, Pillegand B, Beauchant M. 
A randomized trial of terlipressin plus nitroglycerin vs. balloon tamponade 
in the control of acute variceal hemorrhage. Hepatology 1990;11:678-81.
73. Jalan R, John TG, Redhead DN, et al. A comparative study of emer-
gency transjugular intrahepatic portosystemic stent-shunt and esophageal 
transection in the management of uncontrolled variceal hemorrhage. Am J 
Gastroenterol 1995;90:1932-7.
74. Sanyal AJ, Freedman AM, Luketic VA, et al. Transjugular intrahepatic 
portosystemic shunts for patients with active variceal hemorrhage unre-
sponsive to sclerotherapy. Gastroenterology 1996;111:138-46.
75. Chalasani N, Clark WS, Martin LG, et al. Determinants of mortality 
in patients with advanced cirrhosis after transjugular intrahepatic portosys-
temic shunting. Gastroenterology 2000;118:138-44.
76. Orloff MJ, Bell RH Jr, Orloff MS, Hardison WG, Greenburg AG. Pro-
spective randomized trial of emergency portacaval shunt and emergency 
medical therapy in unselected cirrhotic patients with bleeding varices. Hep-
atology 1994;20:863-72.
77. Smith JL, Graham DY. Variceal hemorrhage: a critical evaluation of 
survival analysis. Gastroenterology 1982;82:968-73.
78. The Copenhagen Esophageal Varices Sclerotherapy Project. Sclero-
therapy after first variceal hemorrhage in cirrhosis: a randomized multi-
center trial. N Engl J Med 1984;311:1594-600.
79. de Franchis R, Primignani M. Why do varices bleed? Gastroenterol 
Clin North Am 1992;21:85-101.
80. Vinel JP, Cassigneul J, Levade M, Voigt JJ, Pascal JP. Assessment of 
short-term prognosis after variceal bleeding in patients with alcoholic cir-
rhosis by early measurement of portohepatic gradient. Hepatology 1986;
6:116-7.
81. Burroughs AK, Jenkins WJ, Sherlock S, et al. Controlled trial of pro-
pranolol for the prevention of recurrent variceal hemorrhage in patients 
with cirrhosis. N Engl J Med 1983;309:1539-42.



MEDICAL PROGRESS

N Engl J Med, Vol. 345, No. 9 · August 30, 2001 · www.nejm.org · 681

82. Villeneuve JP, Pomier-Layrargues G, Infante-Rivard C, et al. Propran-
olol for the prevention of recurrent variceal hemorrhage: a controlled trial. 
Hepatology 1986;6:1239-43.
83. Lebrec D, Poynard T, Bernuau J, et al. A randomized controlled study 
of propranolol for prevention of recurrent gastrointestinal bleeding in pa-
tients with cirrhosis: a final report. Hepatology 1984;4:355-8.
84. Bernard B, Lebrec D, Mathurin P, Opolon P, Poynard T. Beta-adre-
nergic antagonists in the prevention of gastrointestinal rebleeding in pa-
tients with cirrhosis: a meta-analysis. Hepatology 1997;25:63-70.
85. Gournay J, Masliah C, Martin T, Perrin D, Galmiche JP. Isosorbide 
mononitrate and propranolol compared with propranolol alone for the pre-
vention of variceal rebleeding. Hepatology 2000;31:1239-45.
86. Villanueva C, Miñana J, Ortiz J, et al. Endoscopic ligation compared 
with combined treatment with nadolol and isosorbide mononitrate to pre-
vent recurrent variceal bleeding. N Engl J Med 2001;345:647-55.
87. Lo GH, Lai KH, Cheng JS, et al. A prospective, randomized trial of 
sclerotherapy versus ligation in the management of bleeding esophageal 
varices. Hepatology 1995;22:466-71.
88. Bernard B, Lebrec D, Mathurin P, Opolon P, Poynard T. Propranolol 
and sclerotherapy in the prevention of gastrointestinal rebleeding in pa-
tients with cirrhosis: a meta-analysis. J Hepatol 1997;26:312-24.
89. Laine L, Cook D. Endoscopic ligation compared with sclerotherapy 
for treatment of esophageal variceal bleeding: a meta-analysis. Ann Intern 
Med 1995;123:280-7.
90. Vinel JP, Lamouliatte H, Cales P, et al. Propranolol reduces the re-
bleeding rate during endoscopic sclerotherapy before variceal obliteration. 
Gastroenterology 1992;102:1760-3. [Erratum, Gastroenterology 1992;
103:359.]
91. Avgerinos A, Rekoumis G, Klonis C, et al. Propranolol in the preven-
tion of recurrent upper gastrointestinal bleeding in patients with cirrhosis 
undergoing endoscopic sclerotherapy: a randomized controlled trial. 
J Hepatol 1993;19:301-11.
92. Lo GH, Lai KH, Cheng JS, et al. Endoscopic variceal ligation plus 
nadolol and sucralfate compared with ligation alone for the prevention of 
variceal rebleeding: a prospective, randomized trial. Hepatology 2000;32:
461-5.
93. Saeed ZA, Stiegmann GV, Ramirez FC, et al. Endoscopic variceal li-
gation is superior to combined ligation and sclerotherapy for esophageal 
varices: a multicenter prospective randomized trial. Hepatology 1997;25:
71-4.
94. Laine L, Stein C, Sharma V. Randomized comparison of ligation ver-
sus ligation plus sclerotherapy in patients with bleeding esophageal varices. 
Gastroenterology 1996;110:529-33.
95. Sanyal AJ, Freedman AM, Luketic VA, et al. Transjugular intrahepatic 
portosystemic shunts compared with endoscopic sclerotherapy for the pre-
vention of recurrent variceal hemorrhage: a randomized, controlled trial. 
Ann Intern Med 1997;126:849-57.
96. Jalan R, Forrest EH, Stanley AJ, et al. A randomized trial comparing 
transjugular intrahepatic portosystemic stent-shunt with variceal band liga-
tion in the prevention of rebleeding from esophageal varices. Hepatology 
1997;26:1115-22.

97. Rossle M, Deibert P, Haag K, et al. Randomised trial of transjugular-
intrahepatic-portosystemic shunt versus endoscopy plus propranolol for 
prevention of variceal rebleeding. Lancet 1997;349:1043-9.
98. Rossle M, Piotraschke J. Transjugular intrahepatic portosystemic shunt 
and hepatic encephalopathy. Dig Dis 1996;14:Suppl 1:12-9.
99. Sanyal AJ, Freedman AM, Shiffman ML, Purdum PP III, Luketic VA, 
Cheatham AK. Portosystemic encephalopathy after transjugular intrahepat-
ic portosystemic shunt: results of a prospective controlled study. Hepatol-
ogy 1994;20:46-55.
100. Jabbour N, Zajko AB, Orons PD, et al. Transjugular intrahepatic por-
tosystemic shunt in patients with end-stage liver disease: results in 85 pa-
tients. Liver Transpl Surg 1996;2:139-47.
101. Jalan R, Elton RA, Redhead DN, Finlayson ND, Hayes PC. Analysis 
of prognostic variables in the prediction of mortality, shunt failure, variceal 
rebleeding and encephalopathy following the transjugular intrahepatic por-
tosystemic stent-shunt for variceal haemorrhage. J Hepatol 1995;23:123-8.
102. LaBerge JM, Somberg KA, Lake JR, et al. Two-year outcome fol-
lowing transjugular intrahepatic portosystemic shunt for variceal bleeding: 
results in 90 patients. Gastroenterology 1995;108:1143-51.
103. Haskal ZJ, Pentecost MJ, Soulen MC, Shlansky-Goldberg RD, Baum 
RA, Cope C. Transjugular intrahepatic portosystemic shunt stenosis and 
revision: early and midterm results. AJR Am J Roentgenol 1994;163:439-
44.
104. Owens CA, Bartolone C, Warner DL, et al. The inaccuracy of duplex 
ultrasonography in predicting patency of transjugular intrahepatic porto-
systemic shunts. Gastroenterology 1998;114:975-80.
105. Meddi P, Merli M, Lionetti R, et al. Cost analysis for the prevention 
of variceal rebleeding: a comparison between transjugular intrahepatic por-
tosystemic shunt and endoscopic sclerotherapy in a selected group of Ital-
ian cirrhotic patients. Hepatology 1999;29:1074-7.
106. Henderson JM. Role of distal splenorenal shunt for long-term man-
agement of variceal bleeding. World J Surg 1994;18:205-10.
107. Spina GP, Henderson JM, Rikkers LF, et al. Distal spleno-renal 
shunt versus endoscopic sclerotherapy in the prevention of variceal re-
bleeding: a meta-analysis of 4 randomized clinical trials. J Hepatol 1992;
16:338-45.
108. McCormick PA, Greenslade L, Matheson LA, Matsaganis M, Bosan-
quet N, Burroughs AK. Vasoconstrictors in the management of bleeding 
from oesophageal varices: a clinico-economic appraisal in the United King-
dom. Scand J Gastroenterol 1995;30:377-83.
109. Nevens F. Resource analysis of somatostatin in the treatment of 
bleeding esophageal varices. Digestion 1999;60:Suppl 3:35-7.
110. Russo MW, Zacks SL, Sandler RS, Brown RS. Cost-effectiveness 
analysis of transjugular intrahepatic portosystemic shunt (TIPS) versus en-
doscopic therapy for the prevention of recurrent esophageal variceal bleed-
ing. Hepatology 2000;31:358-63.
111. Chung R, Lewis JW. Cost of treatment of bleeding esophageal vari-
ces. Arch Surg 1983;118:482-5.

Copyright © 2001 Massachusetts Medical Society.


