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Pathophysiology of variceal bleeding in cirrhotics

Annalisa Berzigotti, MD; Angels Escorsell, MD; Jaume Bosch, MD

SUMMARY

Liver cirrhosis is frequently complicated by the develop-
ment of portal hypertension. This syndrome is character-
ised by a pathological increase of the portal venous pres-
sure, which leads to the formation of portal-systemic col-
laterals. Among these, gastroesophageal varices are of spe-
cial interest, since are responsible for the main complica-
tion of portal hypertension, massive gastrointestinal bleed-
ing. The development of collaterals is due to different fac-
tors, including the dilation of pre-existing vessels and the
action of angiogenic factors. Once formed, varices tend to
dilate as a function of time, persistence of portal hyperten-
sion, and repeated physiological stimuli such as meals, eth-
anol consumption, exercise, and increased intrabdominal
pressure which cause abrupt rises in portal pressure and/
or blood flow. The concept ofvariceal wall tension, which
combines variceal size, variceal wall thickness, and variceal
pressure correlates well with the clinical observation that
increased variceal pressure, increased variceal size and
presence of red colour signs are independent predictors of
the risk ofvariceal bleeding. Tension in the variceal wall is
probably the decisive factor determining variceal bleeding,
as when exceeding the elastic limit of the vessel, the varix
ruptures. Endoscopie and endosonographic examinations
may allow a better assessment ofvariceal pressure, size and
wall thickness, and thus a more accurate evaluation of the
individual risk ofvariceal bleeding in cirrhotic patients.
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INTRODUCTION

Cirrhosis of the liver is a highly prevalent disease
worldwide, accompanied by profound disturbances in the
splanchnic hemodynamics. These are not limited to the
intrahepatic circulation, but involve also the splanchnic
and systemic circulatory beds. These hemodynamic dis-
orders cause the development of portal hypertension,
which appears in the majority of patients with cirrhosis
and is responsible for its most frequent clinical features:
ascites, renal dysfunction, hepatic encephalopathy and
massive gastrointestinal bleeding from ruptured gastro-
esophageal varices and other portal hypertension-relat-
ed lesions.

Varices are present in about 50% of cirrhotics at di-
agnosis, but the incidence increases to up to 90% of pa-
tients on long-term follow up, with a yearly incidence of
6%."' Bleeding from ruptured varices is the most severe
complication of portal hypertension, and represents a
common cause of death in patients with cirrhosis. De-
spite the advances in diagnosis and therapy, mortality
from acute variceal bleeding is still very high, averaging
25-35% in recent series."”

Variceal bleeding is the last step of a chain which is
initiated by an increased portal pressure, followed by the
development and progressive dilation of varices, until
they finally bleed (Figure 1). Therefore, to understand
the mechanism of bleeding, we must understand the
mechanisms leading to an increase in portal pressure and
to the formation of the varices.

Haemodynamic factors in the development of
portal-systemic collateral circulation

The pressure gradient in any vascular system depends
on the relationship between the flow within this vascular
system and the resistance that impedes that flow. Ac-
cording to Ohm’s law the portal pressure gradient (PPG)
can be defined as: PPG = Blood flow x Resistance.
Changes in portal pressure are therefore related to chang-
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Figure 1. Pathophysiology of portal hypertension and variceal
bleeding.

es in flow and resistance in the portal venous system,
which includes the portal vein, the portocollateral circu-
lation and the intrahepatic circulation. Many studies have
shown that portal hypertension is initiated by increased
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 fac-
tor contributing to the maintainance and worsening of
the portal pressure elevation.>* When collateralisation
is extensive, factors modulating the collateral resistance
become important determinants of portal pressure.

Increased portal pressure

Increased portal pressure is the initial and most im-
portant factor leading to the development of portal-sys-
temic collaterals. Gastroesophageal varices represent the
most common and clinically relevant part of these col-
laterals. A threshold increase in the portal pressure gra-
dient (most commonly evaluated in clinical practice by
its equivalent, the hepatic venous pressure gradient or
HVPG) has been established for the development and
rupture of esophageal varices. This is of 10-12 mmHg.”®
However, above this threshold, there is no close correla-
tion between the portal pressure elevation and the for-
mation/rupture of esophageal varices.*® Therefore, a high
pressure gradient is necessary but not sufficient for the
development and rupture of esophageal varices.

Increased blood flow

The amount of blood flow diverted from portal to
systemic circulation through the gastroesophageal col-
laterals is thought to be another important factor in the
formation and progressive dilatation of varices.” This is

suggested by studies evaluating azygos blood flow, an
index of blood flow through gastroesophageal collater-
als, including esophageal varices, in portal hypertensive
patients. These studies show a close and exponential re-
lationship between portal pressure and azygos blood flow
aswell as a parallelism between the presence and size of
the varices and the increase in azygos blood flow." How-
ever, about 5% of patients with high azygos blood flow
and increased portal pressure, do not have gastroesopha-
geal varices illustrating that formation of collaterals is
not always associated with development of varices."” Con-
versely, other patients may have varices and a normal
azygos blood flow, since in about 15% of patients gas-
troesophageal collaterals do not drain into the azygos
vein, but into other thoracic vessels.”

Factors modulating collateral resistance

The vascular resistance of the collateral vessels, al-
though lower than that of the obstructed portal system,
is nevertheless higher than normal portal resistance.*'""
Because of this, the development of portal-systemic col-
laterals does not lead to normalization of portal pres-
sure, even in the extreme situation in which virtually all
portal flow is diverted to the systemic circulation. Chang-
es in vascular resistance (R) mainly depend on variations
in the size (radius) of the vessel, as expressed by Poi-
seuille’s: R = 8nl/ pir* (where n is the viscosity of blood,
1 is the radius of the vessel, and 1 is the length of the
system).

The collateral vessels indeed have a vascular smooth
muscle layer, which, by contraction or relaxation, is able
to modify vessel diameter. Different vasoactive stimuli
modify collateral resistance, including nitric oxide, - and
a-adrenergic stimulation/blockade, vasopressin, en-
dothelin and 5-hydroxytryptamine.”"

The importance of this active component modulat-
ing the development and dilation of portal-systemic col-
laterals is illustrated by experimental studies showing that
the early administration of propranolol,” or clonidine,
an o2- adrenergic agonist, decreases the development
of collaterals.

Increased blood volume

An increased blood volume is a constant finding in
portal hypertension. This plays a key role in allowing the
maintenance of the hyperkinetic circulation.'® Sequen-
tial studies have shown that increased blood volume pre-
cedes the increase in cardiac index. Low sodium diet and
spironolactone reverse the increase in blood volume and
significantly reduce portal pressure.'®" Interestingly,
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portal hypertensive animals maintained on a low sodi-
um diet had a diminished formation of collaterals com-
pared to animals kept on normal sodium intake.'* These
results suggest that an increased blood volume may con-
tribute to the formation of collaterals.

Anatomical factors and neoangiogenesis

Whenever portal pressure rises above normal values,
collateral circulation begins to develop in an attempt to
decompress the portal system. In man, different anasto-
motic venous systems between portal and systemic cir-
culation have been described.'®

Two mechanisms have been involved in the develop-
ment of portal-systemic collateral circulation, which in-
cludes the gastroesophageal varices: dilatation of pre-
existent embryonic channels connecting the portal and
the systemic circulation and angioneogenesis." Availa-
ble evidence indicates that the most important factor in
the formation of the portal-systemic collaterals is the
dilatation of pre-existent embryonic channels triggered
by the increase in portal venous pressure.” A role for
angioneogenesis is suggested by the fact that portal-sys-
temic collaterals are not merely dilated vessels, but ves-
sels that have a marked hyperplasia and hypertrophy of
their walls, which requires the activation of specific cell
factors to develop.

Varices are a part of cephalad collaterals, formed
through the dilatation of the left gastric (coronary) vein
and the short gastric veins. The left gastric vein arises
from the portal vein and is what is mainly responsible for
the development of esophageal varices. The short gas-
tric veins, arising from the splenic vein, are responsible
for the dilatation of fundal and gastroesophageal varic-
es, in association with the polar gastric vein when present.

Esophageal varices

According to the normal venous drainage of the es-
ophagus, this organ is divided in four zones." These zones
are (from distal to proximal esophagus): I: the gastric
zone; II: the palisade zone; III: the perforating' or tran-
sitional® zone (which begins 2 to 3 cm above the gastro-
esophageal junction extending superiorly for 2 cm); and
IV: the truncal zone.

Noda" identified the transitional or perforating zone
as the “critical area” for variceal rupture, the highest risk
corresponding to the area of transition from palisade to
perforating zone.

The palisade zone appears to be a key point in the
development of esophageal varices, due to its physiolog-
ical role as spontaneous communication between the

portal and the systemic circulation, through the azygos
venous system.'® In normal conditions, this zone is char-
acterized by a uniform distribution of vessels running
parallel and longitudinally in the lamina propia (four to
five groups of vessels also called “sudare-like” veins) as
well as a venous plexus of extrinsic veins situated in the
submucosa.'®” Both plexuses run independently in or-
der to protect the intrinsic vessels from the high pres-
sure zone represented by the lower esophageal sphinc-
ter. In chronic portal hypertension, the significant in-
crease in pressure and blood flow, causes a marked dila-
tation of the submucosal veins which is associated with a
high congestion of the “sudare-like” veins that become
superficial and visible at endoscopy as varices at this lo-
cation."” These changes are also responsible for the pro-
gressive decrease in esophageal wall thickness.

It has been hypothesized that decreases in the lower
esophageal sphincter (LES) pressure may play a role in
the development of varices.” Some studies suggest ben-
eficial effects of drugs such as metoclopramide, domperi-
done and pentagastrin, which act increasing the LES
pressure, causing a significant reduction of variceal blood
flow, and variceal pressure.”

Incompetent perforating veins allow retrograde blood
flow from the paraesophageal to the submucosal veins
and may represent an important mechanism for the di-
lation of varices.*

Endosonographic studies allow the in vivo evaluation
of perforating veins by the identification of communi-
cating vessels between paraesophageal and submucosal
vessels.”

The blood flow in the perforating zone has special
characteristics because of its particular position separat-
ing two luminal structures with opposite cavitary pres-
sures, and also because of the continuous variations in
pressure that it has to support depending on the respira-
tory cycle, coughing and stretching. This may reverse the
direction of blood flow and cause turbulence, which has
been hypothesized to contribute to variceal dilatation and
rupture.*

Paraesophageal varices

Paraesophageal varices may be very large and carry
most of the collateral blood flow draining into the azy-
gos system.'

Endosonography allows the objective and accurate
visualization of paraesophageal varices.”»*” The size of
these vessels usually varies in parallel with that of the
esophageal varices.® In addition, recent studies have sug-



Pathophysiology of variceal bleeding in cirrhotics

153

gested a close relationship between the presence of pat-
ent paraesophageal vessels and the recurrence of esopha-
geal varices after eradication by sclerotherapy.”

Gastric varices

The reported prevalence of fundal varices varies
greatly, mainly due to its difficult diagnosis, the method
used for diagnosis and the stage of portal hypertension.
There are two types of gastric varices. Type I are gastric
varices that continue above the cardias as esophageal
varices. Type II are isolated gastric varices, most com-
monly in the fundus of the stomach. While pathologic
studies have found fundal varices in 40% of cirrhotic
patients,'® endoscopy allows diagnosis of gastric varices
in 15% to 35% of these patients.”*> Endosonography has
increased the number of patients in whom fundal varic-
es are diagnosed, the published prevalences range from
55% to 78%.*"* It is not yet known whether fundal varices
observed at endosonography, but not at endoscopy, have
a potential bleeding risk.

Clinical studies suggest that fundal varices bleed less
frequently but more severely than esophageal varices.”
The incidence of bleeding from fundal varices was of 15%
in prospective studies.”

In 20% of patients, varices in the fundus of the stom-
ach flow into the left renal vein, and are part of large
spontaneous spleno-renal shunts. Compared to esopha-
geal varices, these varices are frequently observed with a
lower portal pressure.

MECHANISM OF VARICEAL BLEEDING

Two theories have been proposed to explain variceal
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Figure 2. Theories explaining the mechanism of variceal rup-
ture.

bleeding (Figure 2). The erosion hypothesis proposed
that variceal hemorrhage resulted from an external trau-
ma eroding the thin and fragile wall of the varices. Es-
ophagitis and subsequent ulceration were the most com-
monly suggested erosives, although some other factors,
such as deglution of solid food, were also implicated.
However, this theory has been abandoned because of lack
of objective supporting evidence.” At present, most au-
thors accept the explosion hypothesis, that suggests that
the main factor leading to rupture of the varices is the
increased hydrostatic pressure inside the varix and its
ensuing consequences, increasing variceal size and de-
creasing the thickness of its wall.**®

Role of hemodynamic factors determining
variceal hemorrhage

Increased portal pressure

Many studies have shown that variceal bleeding does
not occur if the PPG is not greater than 12 mmHg. Con-
versely if the PPG is reduced to below 12 mmHg - by
means of pharmacological therapy.”* TIPS* or sponta-
neously - there is total protection from the risk of bleed-
ing, the varices decrease in size and may even disappear.”
Also patients decreasing the HVPG substantially (i.e.
more than 20% from baseline values) have a very low
risk of further variceal bleeding, even if their final HVPG
still greater than 12 mmHg.***

However, above this threshold value there is no clear
relationship between the magnitude of the portal pres-
sure elevation and the risk of hemorrhage.”* This may
be due to different factors, including the chronological
dissociation between portal pressure measurements and
bleeding, and difference in portal and variceal pressure.*

It has been suggested that the magnitude of variceal
bleeding may be defined by the equation:

Severity of Bleeding = (P,-P,) - Area of variceal rent /
blood viscosity

in which P, is the intravariceal pressure (which is a func-
tion of the increased portal pressure) and P, is the
oesophageal luminal pressure. Indeed, studies assessing
portal/variceal pressure during variceal bleeding support
the concept that the higher the portal pressure eleva-
tion, the worse the prognosis of the variceal bleeding
episode is. Moitinho et al® showed in a large series of
patients that the outcome of the bleeding episode, in
terms of lack of control of bleeding and development of
early rebleeding, was accurately predicted by the early
measurement of HVPG. Patients with an admission
HVPG equal or greater than 20 mmHg (40% of the to-
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tal population) had a much worse outcome than patients
with HVPG < 20 mmHg, as shown by a significantly high-
er frequency of lack of control of bleeding, early rebleed-
ing, 1-year mortality, transfusion requirements and ICU
and total hospital stay.” This finding may have practical
implications, since it is conceivable that patients with an
admission HVPG > 20 mmHg will fare better if treated
aggressively (i.e., by using early TIPS), while those at low
risk may not require intensive care and/or invasive ther-
apies. Experimental studies also support the role of an
increased portal pressure determining the severity of
variceal hemorrhage. Preliminary data suggests that en-
doscopic variceal pressure measurements may have a sim-
ilar prognostic value,* but these measurements are diffi-
cult to obtain.

On the other hand, it has been suggested that chang-
es in portal pressure, associated with physiological cir-
cumstances, could be as important as the absolute value
of HVPG determining a progressive dilation of the varic-
es and variceal rupture.’ Physiological stimuli modifying
portal pressure include meals, that cause a significant
increase in HVPG because of the concomitant postpran-
dial hyperemia,” ethanol consumption® and physical
exercise.”

It has also been shown that HVPG in patients with
cirrhosis follows circadian variations, increasing at night
and decreasing during afternoon/evening.® Interesting-
ly, similar variations are also observed in the moment of
presentation of variceal bleeding.™

Portal hypertension may be worsened by iatrogenic
factors, which may precipitate bleeding. These are well
exemplified by the increase in HVPG and in the risk of
bleeding following splanchnic angiography, or after the
development of hepatic artery to portal vein fistulae as a
complication of liver biopsy. Marked increases in portal
pressure are also known to occur during alcoholic hepa-
titis and in patients with hepatocellular carcinoma (due
to arteriovenous fistulae within the tumour or to associ-
ated portal vein thrombosis).”

Variceal pressure

The introduction and validation of methods for the
measurement of variceal pressure has allowed interest-
ing observations in patients with portal hypertension. The
use of a pressure-sensitive gauge allows an accurate, re-
producible measurement of variceal pressure at endos-
copy.”***! Previous studies from our laboratory using this
technique show that, in spite of being significantly cor-
related, variceal pressure is significantly lower than por-
tal pressure, probably because of a significant resistance

along the collaterals feeding the varices, which causes a
pressure drop from the portal vein to the varix.”*' These
results suggest that collateral circulation (and resistance
to blood flow in collaterals) is an important factor mod-
ulating variceal pressure.

Patients who have bled from varices have significant-
ly higher variceal pressure than those who have never
bled despite having similar portal pressures,”* indicat-
ing that the pressure gradient between the portal vein
and the varices was lower in bleeders than in non-bleed-
ers. Resistance in the collaterals feeding the varices may
be modified. Drugs contracting the LES increase the in-
flow resistance into the varices resulting in reduced
variceal pressure and azygos blood flow, despite having
no effect on portal pressure.”” Drugs used in the treat-
ment of portal hypertension, such as f-blockers, in addi-
tion to its effects on portal venous pressure, may modify
collateral resistance and thereby cause greater falls in
variceal pressure than in portal pressure.* Blood volume
restitution after a hemorrhage may worsen the increase
in portal pressure (even without actually expanding the
intravascular volume as compared to the pre-hemorrhage
values).

Changes in intra-abdominal pressure (such as those
caused by ascites and paracentesis) lead to hemodynam-
ic modifications that may have implications in variceal
hemorrhage. Thus, increased intra-abdominal pressure
increases portal pressure, collateral (azygos) blood flow*
and variceal pressure. Conversely, total paracentesis de-
creases portal pressure, azygos blood flow and variceal
pressure.*

Variceal pressure is greater in patients with large
varices compared to those with small varices, who are
known to have a lower risk of bleeding,” suggesting that
a high variceal pressure is contributing to increase the
size of the varices. Indeed, variceal pressure has been
shown to correlate with the risk of bleeding, with the se-
verity of the hemorrhage, and with the response to drug
therapy_45-47,53

Variceal size

Patients who have bled from varices have larger varic-
es than those who have not.*”**% In addition, the risk
of bleeding is directly related with the size of the varic-
es. 240 However, about 20% of patients with variceal
hemorrhage have “small” varices (of less than 5 mm in
estimated diameter).** However, endoscopy is not the
best method for measuring variceal size. Endosonogra-
phy allows more objective and accurate measurements
of variceal size.””*"
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Figure 3. Natural history of esophageal varices as a function
of variceal wall tension.

Variceal wall tension

Variceal bleeding is thought to occur when the ten-
sion exerted over the thin wall of the varices goes be-
yond a critical value determined by the elastic limit of
the vessel. In other words, the progressive vessel disten-
sion generates an increasing resistance to further disten-
sion (wall tension).” When reaching the elastic limit of
the vessel, the variceal wall cannot increase its resistance
to further dilatation, leading to variceal rupture’ (Fig-
ure 3).

Tension in the wall of the varix may be the decisive
factor determining variceal rupture.”’ According to
Frank’s modification of the Laplace’s law,’ variceal wall
tension is directly proportional to the transmural variceal
pressure (the gradient between variceal and intraesopha-
geal pressures) and the radius of the varix, and inversely
proportional to the thickness of the variceal wall.

This pathophysiological concept fits perfectly with
clinical observations showing that increased variceal pres-
sure, increased variceal size and presence of red colour
signs (markers of reduced wall thickness) are independ-
ent predictors of the risk of variceal bleeding. 445

The combination of the measurements of variceal
pressure, variceal size and thickness of variceal wall at
endoscopic and endosonographic examinations™** may
allow a better assessment of the variceal wall tension,
which is likely to reflect the bleeding risk in patients with
portal hypertension.
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