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Why portal hypertensive varices bleed and bleed:
a hypothesis

P A McCormick, S A Jenkins, N McIntyre, A K Burroughs

Abstract
Continued bleeding or early rebleeding is
associated with a poor prognosis in
patients with variceal haemorrhage. It is
not clear why bleeding stops in some
patients and continues or restarts in
others. It is suggested that secondary
haemodynamic changes in the splanchnic
circulation after a bleed may contribute to
the risk of further bleeding. These
changes include the effects ofhypotension
on portocollateral resistance, the effects of
blood in the gut on splanchnic blood flow,
and the effects ofblood volume expansion
on portal venous pressure during
resuscitation. These factors, working in
concert, cause a secondary rise in portal
venous pressure, which may precipitate
further bleeding. Treatment aimed at
preventing these secondary haemo-
dynamic changes may be beneficial. It is
probable that somatostatin and octreotide
could act in this way, which may explain
their therapeutic efficacy.
(Gut 1995; 36: 100-103)
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Bleeding from oesophageal varices is a

common cause of death in patients with
cirrhosis and portal hypertension.' Treatment
is aimed at stopping the bleeding and prevent-
ing rebleeding. Early rebleeding occurs more
frequently from varices than from peptic ulcer
disease (about 60% v 20%) and usually
occurs in the hours and days immediately
after the initial bleed.24 Both bleeding that
continues despite adequate treatment, and
early rebleeding, are associated with a poor
prognosis.2 3 Rebleeding and death are more
common in patients with severely decompen-
sated liver disease, alcoholic liver disease, and
thrombocytopenia. The factors that sustain
bleeding and that cause early rebleeding in
individual patients are not well understood.5
Data are accumulating that leads us to
suggest that changes in splanchnic blood flow
after an initial bleed may contribute to the
risk of further variceal bleeding. Treatment
aimed at preventing or reversing these
secondary haemodynamic changes may lead
to better control of bleeding and improved
prognosis.

Risk factors for rebleeding and death in
variceal haemorrhage
There are now a large number of prospective

studies looking at patients with portal
hypertension and a number of risk factors for
bleeding, rebleeding, and death have been
identified. The most important risk factor is
the severity of the underlying liver disease. It
has been shown repeatedly that patients with
decompensated liver disease bleed more often
and have a worse prognosis than patients with
compensated liver disease.5 6 Deterioration of
liver function in hospital as a consequence of
bleeding may be a further risk factor. It is
possible that expeditious treatment to stop
bleeding may favourably influence prognosis.7
In cirrhotic patients the prognosis is also
worse in the presence of concomitant alco-
holic hepatitis, hepatocellular carcinoma or
portal venous thrombosis.8-10 The impor-
tance of liver function is underlined by the
fact that prognosis is generally much better in
patients without significant liver impairment,
such as portal venous thrombosis or idio-
pathic portal hypertension.1 ' 12

Although the degree of liver dysfunction is
of over-riding importance in determining
prognosis it is not clear why bleeding occurs
unpredictably in individual patients. Other
factors, in addition to liver function must be
involved. Bleeding is more common in
patients with large varices and in patients with
greater curve fundal varices.5 13 In a few
patients bleeding is precipitated by bacterial
infection or by non-steroidal anti-inflamma-
tory drug ingestion but most have no obvious
immediate precipitant. We and others have
noted a significant diurnal rhythm in the
manifestation of variceal bleeding. 14 15 In our
unit we noted two peaks, one at 0800 and
2000. This pattern was not modified by age,
sex, severity of liver disease or seasonal varia-
tion.14 The reason for this periodicity is
unknown but may be related to circadian
rhythms in the activity of the coagulation
system. Such rhythms have been detected in
normal subjects and patients with vascular
disease but have not been systematically
studied in cirrhotic patients.16 The time
dependence of bleeding may also be related to
diurnal variations in portal venous pressure,
which have been detected in patients with
portal hypertension.17
Once bleeding occurs a number of factors

have been identified that increase the risk of
early rebleeding. These include bleeding
from gastric as compared with oesophageal
varices, thrombocytopenia, encephalopathy,
a diagnosis of alcoholic cirrhosis, large
varices or active bleeding at the time of
diagnostic endoscopy.5 13 18 These factors
are all important but give comparatively
little insight into the pathophysiology of
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rebleeding and do not readily explain why
rebleeding should occur in an individual
patient.

Studies in humans during variceal
haemorrhage
Although it is difficult to investigate splanchnic
haemodynamics in patients who are actively
bleeding a number of studies have been done.
These suggest that portal venous pressure is
increased around the time of a bleed and that
patients with higher portal venous pressure
have a worse prognosis. Pomier-Layragues et al
found that portal venous pressure was signifi-
cantly higher immediately after a variceal bleed
than when measured again 10 days and six
months later.19 Vinel et al measured portal
venous pressure in 72 patients with alcoholic
cirrhosis within 48 hours of admission with
variceal bleeding and found that higher portal
venous pressure was associated with increased
short term mortality.20 Patients who died
within two weeks had a mean (SD) portal
venous pressure of 25.6 (8.4) mm Hg com-
pared with 19.0 (7.6) mm Hg in survivors
(p<0.01). Similar results were reported by
Ready et al who monitored portal venous
pressure continuously and found that higher
pressures on day 1 and 2 after admission were
associated with both early rebleeding and a
worse prognosis mean (SEM) (20 (1) mm Hg
in rebleeders v 16 (1) mm Hg in non-
rebleeders: p<040 1).21 In addition they noted
that rebleeding was usually preceded by a
further increase in portal venous pressure. In
one study continuous measurement of
intravariceal pressure was performed in six
patients during active bleeding. The mean
(SEM) pressure was initially low (3.6 (1.1)
mm Hg) but rose progressively to a peak at
about six hours (20.1 (0.6) mm Hg) before
declining to a lower stable value (14.8 (2.1)
mm Hg).22 In another study variceal pressure
was measured in 30 patients during bleeding
and was found to be significantly higher than
when measured again three or 10 days later.23
Taken together these studies suggest that
portal venous pressure is raised around the
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Changes in the splanchnic circulation that may occur after a variceal bleed in patients with
portal hypertension. The resultant secondary rise in portal venous pressure may sustain
active bleeding or precipitate further bleeding.

time of a variceal bleed and that the height
of the portal venous pressure during a
bleeding episode is an important risk factor for
rebleeding and mortality.
The rationale for using drugs such as vaso-

pressin and glypressin for active bleeding is
based on the assumption that the height of the
portal venous pressure is important in main-
taining or precipitating variceal haemorrhage.
But it is important to realise that portal venous
pressure is a dynamic variable, which is deter-
mined by the combination of splanchnic blood
inflow and the resistance to portal venous out-
flow, through both the liver and the collateral
circulation. Thus portal venous pressure could
be raised by increasing splanchnic blood flow
or increasing portocollateral vascular resis-
tance, or both.

Splanchnic circulatory changes after
bleeding in portal hypertensive animals
Experiments in animal models of portal hyper-
tension have suggested that the splanchnic
circulation may respond to hypovolaemia and
resuscitation in an unusual way.2425 During
haemorrhage the expected fall of about 30% in
portal venous pressure occurred, but after
blood volume restitution portal venous
pressure rose significantly to values about 20%
higher than baseline pressures. This 'over-
shoot' occurred despite unchanged splanchnic
blood inflow and was attributed to increased
resistance in the portocollateral vessels. The
investigators speculated that release of vaso-
active mediators during the period of hypo-
volaemia may be responsible. It is not known if
similar changes also occur in humans.

Factors that may increase splanchnic
blood flow after variceal haemorrhage in
humans
There are at least two factors which, theoreti-
cally, may increase splanchnic blood inflow
and thus portal venous pressure after a bleed:
(a) over transfusion and (b) the effects ofblood
in the gut on splanchnic blood flow.

Overtransfusion - blood volume expansion
increases portal venous pressure in humans
with cirrhosis.26 27 Classic surgical practice
and training cautions against overtransfusing
patients with gastrointestinal bleeds because of
the danger of precipitating further bleeding and
there are anecdotal reports of variceal bleeding
occurring after blood volume expansion.26 28

The effects of blood in the gut on splanchnic
blood flow - blood contains large amounts of
protein and many have similar effects on the
gut as a protein containing liquid meal. Protein
and non-protein containing meals are known
to increase splanchnic blood flow and portal
venous pressure in patients with cirrhosis and
portal hypertension.29-31 It would seem logical
to expect that blood in the gut may have
similar effects, which may become manifest
when the patient is resuscitated and the initial
period of hypotension is over. Blood in the gut
may then cause reflex splanchnic hyperaemia
and cause a secondary increase in portal

Hypotension
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venous pressure. The mechanisms underlying
postprandial hyperaemia are not well under-
stood but probably entail the intestinal nerves
and the release of gastrointestinal peptides
that may act in an endocrine or a paracrine
fashion.32 33

Hypothesis
We think that the events shown in the Figure
may occur, sequentially or simultaneously,
after a variceal bleed and adequate resuscita-
tion. After resuscitation there may be an
increase in resistance to portal blood flow and
a consequent increase in portal venous pres-
sure. The presence of blood in the gut may
then cause reflex splanchnic hyperaemia with
increased blood flow into the portal venous
system. The combination of increased blood
flow and increased resistance would result in a
further rise in portal venous pressure, which
may precipitate further variceal bleeding. If the
patient is overtransfused these changes may be
magnified. A vicious cycle may be established
where bleeding, hypovolaemia, and subse-
quent resuscitation increase the chances of
further bleeding.

Therapeutic implications
To date emergency pharmacological treatment
of variceal bleeding has focused primarily on
lowering portal venous pressure.34 If our
hypothesis is correct, treatment aimed at
preventing or ameliorating the secondary
changes in splanchnic haemodynamics may
also be useful. One therapeutic option would
be to remove the blood from the gastro-
intestinal tract as quickly as possible to prevent
secondary splanchnic hyperaemia. In this con-
text it is interesting that a French trial reported
that whole gut irrigation with isotonic mannitol
reduced blood transfusion requirements and
death rates in cirrhotic patients with gastro-
intestinal bleeding.35
An alternative approach would be to

suppress the secondary haemodynamic changes
by pharmacological means. We believe that
somatostatin and its long acting analogue
octreotide may act in this way. There is a grow-
ing body of evidence to suggest that both drugs
are effective in the emergency treatment of
bleeding varices.3"0 Both somatostatin and
octreotide seem to have little direct effect on
the splanchnic arteries but are believed to work
by inhibiting the release of endogenous
vasodilator substances, such as glucagon.41-45
Using duplex Doppler ultrasound, octreotide
has been shown to prevent or inhibit meal
related splanchnic hyperaemia in normal sub-
jects.46 47 In cirrhotic patients with portal
hypertension octreotide prevented postprandial
splanchnic hyperaemia and the associated
increase in portal venous pressure.48 49 In portal
hypertensive rats octreotide given after bleeding
reduced collateral blood flow and prevented the
increase in collateral blood flow after resuscita-
tion.50 We suggest that somatostatin and its
analogues may also act to prevent the release
of vasoactive peptides and the associated

splanchnic hyperaemia after a variceal bleed.
As a consequence they may prevent further
rises in portal venous pressure and thus reduce
the risk of early rebleeding.

In conclusion, we suggest that changes in
splanchnic haemodynamics after a variceal
bleed in patients with portal hypertension may
contribute to the high risk of continued bleed-
ing and early rebleeding. The effects of
hypotension, resuscitation, and blood in the
gut may combine to increase splanchnic blood
flow and portal venous pressure after a bleed.
To date, emergency pharmacological treat-
ment of variceal bleeding has concentrated on
reducing portal venous pressure. We suggest
that treatment aimed at preventing rises in
portal venous pressure after a bleed may also
be an effective strategy.
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