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Portal hypertension -25 years of progress

B R D MacDougall,* D Westaby, L A Blendis

Interest in the pathophysiology and management
of portal hypertension has increased exponen-
tially over the last 25 years, from modest begin-
nings to an almost explosion of publications in
the 1980's. Throughout this period the Liver
Unit at King's College Hospital has maintained
an active interest in the field and is associated
with a number of advances particularly in rela-
tion to therapy for variceal bleeding.
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Pathophysiology of portal hypertension
During the 1960s and early 1970s there was little
activity in the investigation of the pathogenesis
of portal hypertension. In any system with fluid
flowing along a tube, the pressure in the system
is directly related to resistance to flow and the
rate of flow. The dogma was that in cirrhosis the
most important factor was increased resistance to
flow as a result of distortion of the architecture
by the fusion of septae and regeneration nodules
leading to a gradual decrease in portal vein flow
with the formation of collaterals. I

As new investigative techniques became avail-
able, however, attention was paid to the impor-
tance of blood flow in the pathogenesis of portal
hypertension. By the use of the Seldinger tech-
nique, catheters could be introduced into the
abdominal aorta through the femoral artery and
by careful modelling the curve at the end of the
catheter splanchnic arteries could be selectively
catheterised. After injection of radioopaque
solutions immediate visualisation of these vessels
could be obtained with multiple films and by
delaying the exposure of later coeliac plates after
opacification of the coeliac axis, the portal
venous system could also be opacified. In this
way arteriovenography could be used to study
the portal venous system in cirrhosis.' Using this
technique it was shown that in cirrhosis the
hepatic artery diameter is increased indicating
increased hepatic arterial blood flow.3 Similarly,
in association with splenomegaly, splenic arterial
diameter is greatly dilated indicating increased
splenic blood flow.
The original concept that increased splenic

blood flow with resultant increased portal blood
flow could cause portal hypertension had first
been proposed by Banti in 1894.4 This concept
had suffered from the inability to measure
splenic blood flow. Williams et all having
described portal hypertension in idiopathic
tropical splenomegaly introduced the technique
of incremental injections of radioactive zenon
directly into the spleen at the time of splenic
venography. Using the method described by
Kety6 they had hypothesised that the washout
curve of radioactive xenon from the saturated
spleen would represent splenic capillary blood
flow in terms of ml/lOOg/min after correction for
the partition coefficient of xenon between blood
and spleen and the specific gravity of splenic
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Figure 1: Relationship between total spleen bloodflow and the
spleen weight. Cirrhosis or portal vein block; tropical
splenomegaly.

tissue.7 Spleen weight was then shown to be
directly related to spleen area on arteriography.8
In this way total spleen blood flow inml/min could
be calculated and was found to be highly signifi-
cantly correlated with splenic blood flow
measurements using an electromagnetic flow-
meter.9 In a study on patients with idiopathic
tropical splenomegaly, a condition associated
with portal hypertension and varices, increases in
total splenic blood flow in ml/min were found
(Fig 1). In the same but less dramatic way
cirrhotic patients were found to have significant
increases in total spleen blood flow.7 (Fig 1).
Similar studies were carried out in other condi-
tions associated with portal hypertension without
obvious liver disease. eII

Splenic blood flow was measured using the
xenon technique, total liver blood flow by the
indocyanine extraction technique together with
wedged hepatic pressure. Both splenic (Fig 2)
and hepatic blood flows were significantly raised
(Fig 3) and the portal pressure correlated signi-
ficantly with the liver blood flow. Thus support-
ing Banti's original hypothesis. 12 In contrast with
patients with cirrhosis who have raised post
sinusoidal pressure, these patients had normal or
decreased post sinusoidal pressure pressure (Fig
3), the main rise being presinusoidal. The excep-
tions were those patients with Felty's syndrome
(Fig 3). In these patients raised pre and post
sinusoidal pressure appeared to be associated
with very subtle histological changes best seen on
the reticulin stain. This showed apparent fine
nodulation caused not by increased collagen but
by the presence of two populations of hepato-
cytes, a condition known as nodular regenerative
hyperplasia'3 14 appeared to be a cause of idio-
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Figure 2: Comparison ofthe spleen size and bloodflow in patients ofthe present series with those
found in tropical splenomegaly and cirrhosis. Cross hatched areas indicate the normal ranges
and the vertical lines the mean values.

pathic portal hypertension, although now it is
recognised to occur in a large number of condi-
tions and is found in up to 2% of autopsies.'5
The past decade has seen continued con-

troversy with respect to the relative role of
increased hepatic portal vascular resistance as

compared with an increase in portal inflow for
the pathogenesis of portal hypertension. A
number of studies have specifically investigated
the site of vascular resistance in the presence of
cirrhotic and non-cirrhotic causes of portal
hypertension. The abnormalities that correlated
most closely with portal hypertension were hepa-
tocyte size and the presence of Disse fibrosis.'6
The same investigators observed that on sequen-

tial analysis fluctuations in portal pressure most
closely correlated with changes in hepatocyte
size and less so with Disse fibrosis.'7 Both
hepatocyte size and Disse fibrosis were shown to
reduce sinusoidal cross sectional area, an indirect
marker of sinusoidal resistance, which in turn
was shown to correlate with the height of portal
pressure. 18 As referred to earlier there is evidence
of increased portal inflow in many conditions
associated with portal hypertension. This has
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Figure 3: Values for cardiac index and hepatic haemodynamics in 16 patients with blood
dyscrasias. Cross hatched areas indicate the normal ranges.

been confirmed in animal models in which an

increased splanchnic blood flow (and reduced
splanchnic vascular resistance) closely accom-

panies the portal hypertension.'920 This hyper-
dynamic splanchnic circulation is considered to
be a part of a wider hyperdynamic state with a

high cardiac output and low vascular resistance
frequently accompanying patients with portal
hypertension. A number of potential mediators
have been proposed to account for these haemo-
dynamic changes including vasodilator prosta-
glandins, gastrointestinal peptides, autocoids,
glucagon, serum bile acids, and the purine

nucleoside adenosine.21 Most recent interest has
focused upon the latter three compounds,
glucagon, bile acids, and adenosine. Plasma
levels of glucagon are frequently raised in
patients with cirrhosis as a consequence of
increased pancreatic secretion and portal
systemic shunting.2223 Investigation in patients
with well compensated cirrhosis have suggested
a selected vasodilator effect of glucagon upon the
splanchnic circulation.2425 Specific evidence to
implicate glucagon has come from recent work
carried out in portal hypertensive rats in which
neutralisation of glucagon by antisera26 or soma-

tostatin27 attenuated but did not completely
abolish the splanchnic hyperdynamic state. The
authors of these studies suggested that glucagon
is a contributive factor to the splanchnic hyper-
aemia of portal hypertension but cannot be
considered the sole agent. Serum bile acids are

also known to have a splanchnic dilator action
and levels are frequently raised in patients with
cirrhosis correlating closely with the degree of
portal systemic shunting.28 The observation that
bile salt depletion in portal hypertensive rats
partially attenuated the splanchnic hyperaemia
again provides evidence for a contributory role
for these compounds.29 Adenosine is a purine
nucleoside produced during the degredation of
adenosine triphosphate and is believed to have an
important homeostatic role in the regulation of
the microcirculation. Exogenously administered
adenosine is a potent vasodilator in most vascular
beds.30 The postulate that adenosine might be
involved in the production of splanchnic hyper-
aemia came from experimental evidence that
adenosine triphosphate concentrations are

reduced in alcohol induced liver damage.3' More
specifically adenosine has been implicated in the
acute splanchnic hyperaemia associated with
alcohol ingestion, an action that could be
abolished by the adenosine antagonist 8-phenyl
theophylline.32
The end point of systemic and splanchnic

hyperaemia may result not only from the
presence of circulating vasodilators but also from
diminished reactivity to endogenous vasocon-

strictors. Such an attenuated vasoconstrictor
action has been confirmed for noradrenaline,33
angiotensin 2343 and vasopressin.36 Receptor
affinity appears to be unchanged as compared
with controls and a post receptor defect has been
postulated.3536 Circulating vasodilators such as

glucagon may themselves attenuate the vaso-

constrictor response and as such prevent the
implication of a specific vasoconstrictor defect.
The recent investigation of pharmacological

agents capable of reducing portal inflow have
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provided some objective data on which to base
the relative importance of the two possible
mechanisms leading to portal hypertension. In a
portal hypertensive rat model, reduction of
portal inflow to the level observed in controlled
animals only produced a fall in portal pressure of
15-20%.3 It may by extrapolated from these data
that to normalise portal pressure, portal inflow
would need to be reduced well below control
levels. As such this supports the view that
increased portal vascular resistance is the
dominant factor maintaining raised portal
pressure.

Whilst many questions remain unanswered it
is now possible to formulate a theory explaining
the development and maintenance of portal
hypertension. The initiating event and dominant
factor is the increase in portal vascular resistance
which in the case of alcoholic liver disease cor-
relates with Disse fibrosis but perhaps more
importantly, hepatocyte size. As portal pressure
increases then a portal systemic collateral
circulation develops, diverting portal blood flow
away from the liver. The portal systemic shunt-
ing is responsible for the raised systemic levels of
vasodilators such as glucagon and bile acids.
These circulating vasodilators act directly upon
the splanchnic arterioles to increase portal inflow
which will itself contribute to the generation and
maintenance of portal hypertension. A reduced
sensitivity to endogenous vasoconstrictors,
either as a specific defect or as a consequence of
antagonism from circulating vasodilators may
also contribute to the splanchnic hyperaemia.

Management of variceal haemorrhage
In the late 1940s the operative procedure of
portocaval anastomosis was introduced for the
definitive treatment of bleeding varices.3839 It
was unquestionably successful in preventing
recurrent bleedinge but did it prolong the life of
the patient, and should it be used to prevent
variceal bleeding in the first place? Both
questions were eventually answered negatively
by controlled trials.4'"43 The reason for the nega-
tive results was the high incidence of porto-
systemic encephalopathy and hepatic failure in
the shunted patients. Because of this, other
forms ofshunt surgery were developed to try and
combine the excellent effect of portocaval anas-
tomosis in preventing rebleeding without the
complication of encephalopathy. Such opera-
tions include the proximal or classical splen-
orenal shunt" 45 and the mesocaval shunt using a
'jump' H shaped Teflon graft introduced by
Drapanas.4" This operation was adopted by the
surgeons at King's and in 1974 Smith et al
described their experience.47 The apparent
failure of standard shunts to improve the prog-
nosis in patients with bleeding varices demanded
novel approaches to this clinical problem. One
approach was that of selective shunting in which
the oesophageal varices were selectively drained
by a distal splenorenal shunt, without sup-
posedly materially affecting portal venous
inflow.48 This was assured by ligating the
coronary vein and gastroduodenal anastomoses,
but was technically much more difficult than
portocaval shunt. Although initial results

indicated effective prevention of rebleeding
without encephalopathy, subsequent control
trials did not fulfil these expectations.49

In terms of the management of acute variceal
bleeding the standard therapy was some form of
tamponade such as the Sengstaken or Linton
tubes. With the Sengstaken tube, if used by an
expert, with considerable attention to detail,
bleeding could be arrested in over 90% of
patients.50 Minor complications such as mucosal
oedema if not ulceration would still occur,
however, in up to 10% of cases and major
complications such as aspiration leading to
pneumonia and death in up to 5%. These were
the best results and in a series of three studies by
Conn from Yale over this 20 year period the
results actually deteriorated because of un-
experienced residents carrying out the manage-
ment.5' Furthermore, there was a high risk of
rebleeding after decompression5' Although the
major complications could be reduced by adding
continuous upper oesophageal suction with or
without trachael intubation to protect the air-
ways50 clearly better and less difficult forms of
therapy were required. The Sengstaken tube
appeared to be more effective than the Linton in
controlling bleeding.52 A controlled trial compar-
ing the modified three lumen to a new four lumen
Sengstaken tube showed that the new four lumen
tube resulted in less frequent aspiration
pneumonia and balloon dysfunction.53
An alternative approach to surgical therapy is

some form oflocal procedure on the lower part of
the oesophagus or fundus ofthe stomach without
the shunting of portal blood. Procedures such as
variceal ligation were effective but had high
rebleeding rates.54 Even 'simple' transection of
the oesophagus with ligation of the varices
especially in the emergency treatment of bleed-
ing varices can carry a mortality rate of 30%.55
This publication by Pugh et al was also notable
for the attempt by the authors to provide a
numerical scoring system to the Childs classifica-
tion ofA, B and C. This had the major advantage
of first not being restricted to trying artificially to
fit each patient into abnormalities and end with a
total score. Second, the total score provided a
better parameter for statistical analysis. This
simple system has stood the test of time and is
now known by the author's name.
The first form of medical therapy of variceal

bleeding to be attempted was intravenous vaso-
pressin. The vasoconstrictive properties of this
drug were shown to affect the splanchnic circula-
tion leading to an acute transient decrease in
portal pressure.56 This observation was rapidly
followed by the first control trial of pharma-
cologic therapy of variceal bleeding.57 The dose
was 20 IU of vasopressin as a bolus over 20
minutes followed by 20 IU/hour in 5% distilled
water. The result was a significantly greater
frequency in the cessation of bleeding in patients
receiving pitressin compared with controls, but
no difference in overall mortality. The systemic
manifestations of pitressin, however, included
coronary vasconstriction with resulting
ischaemia and angina in patients with coronary
vessel disease. It was these complications associ-
ated with vasopressin which led to a number of
workers to look for alternative pharmacological
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Figure 4: Development ofan overtubefor variceal injection
(thefirst instrumnent was madefrown cardiac bypass tubing).

methods for controlaig active variceal bleeding.
The most important of these investigations
documented the beneficial effect of the vaso-
dilator nitroglycerin upon the adverse changes
seen with vasopressin.58 Subsequent controlled
trials comparing vasopressin alone with vaso-
pressin and nitroglycerin (the first originating
from King's) have confirmed benefits for the
latter with respect to the control ofactive variceal
haemorrhage and also the complications associ-
ated with therapy."' It appeared that the
addition of nitroglycerin by reducing the com-
plications of vasopressin allowed a much higher
proportion ofpatients to receive the full course of
treatment. There is also some suggestion that the
addition of nitroglycerin had a further beneficial
effect on reducing portal pressure thus enhanc-
ing the control of bleeding. It is now widely
accepted that vasopressin should no longer be
used as a single agent and should be combined
with nitroglycerin either intravenously, sub-
lingually or, perhaps most appropriately, by skin
patches.
A second modification of vasoconstrictor

therapy was introduced in the form of gly-
pressin, the triglycyl-lysine derivative of vaso-
pressin. This drug is administered by bolus
injection, the triglycerides then being cleaved to
give the active moiety which is vasopressin itself.
The initial pharmacological investigations sug-
gested that the very smooth release of vaso-
pressin avoided many of the side effects seen

with the native drug itself. It was thus hoped that
this would offer benefits during clinical applica-
tion. A number of controlled studies have been
carried out suggesting advantages over vaso-
pressin alone although systemic haemodynamic
complications were still observed with the new
drug.62" Not surprisingly, recent investigation
has assessed the combination of glypressin and
nitroglycerin and have confirmed a similar bene-
ficial response.65 The combination of the bolus
administration of glypressin and the skin patch
administration of nitroglycerin provides an
appealing therapeutic approach to the initial
management of variceal bleeding, particularly
relevant to the transfer of patients to specialist
centres for definitive treatment.

Somatostatin represented a new pharma-
cological therapy for active variceal bleeding
which appeared to have selective splanchnic
arteriolar, vasoconstrictor effect in the absence
of systemic haemodynamic consequences. The
initial assessment of this drug was in comparison
with vasopressin and significantly fewer side
effects were observed.6667 There was some
evidence ofenhanced control ofvariceal haemor-
rhage as compared with vasopressin. More
recently, two placebo based control trials have
been reported, the first of which showed signifi-
cant benefit for somatostatin.68 A multicentre
study from the United States, however, failed to
show any benefit whatsoever as compared with
placebo and to the contrary failure to control
bleeding was more prevalant with the active
drug.69 These results would not have been pre-
dicted from previous investigation but as such it
would be inappropriate to recommend the
routine use of such an expensive drug without
more evidence of benefit.

Injection sclerotherapy might justifiably be
considered the dominant therapy for a period of
10-15 years. This was first adopted at King's
College Hospital in 1973 as increasing disillusion-
ment developed with the portal systemic shunt
and devascularisation procedures.5" The very
large population ofpatients with variceal haemor-
rhage provided a fertile ground for the develop-
ment of new techniques, particularly a flexible
overtube which facilitated sclerotherapy through
the fibre optic endoscope70 (Fig 4). Other modi-
fications to the treatment ensued over the follow-
ing decade.7' " Initial policy was to repeat
injection sclerotherapy at intervals with the aim
of obliterating the varices but to avoid treatment
during active variceal haemorrhage, a procedure
considered technically difficult and at high risk
of complication. The value of longterm injection
sclerotherapy was subsequently assessed in a
controlled trial which confirmed a significant
benefit for rebleeding and survival in the treated
patients7475 (Fig 5). A number of trials from other
centres were subsequently reported, all confirm-
ing benefit for preventing rebleeding but the
effect upon survival remained controversial."'79
The recent use of meta-analysis to combine data
from such trials, however, has strongly sup-
ported the efficacy of longterm sclerotherapy for
rebleeding and survival.80 With increasing
experience it became apparent that sclerotherapy
carried out during active variceal bleeding was
not only feasible but highly effective for achiev-
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immediate injection sclerotherapy with a combine
vasopressin and nitroglycerin.87

thus this regime affirms itself as a good alterna-
tive measure if the expertise to carry out
immediate sclerotherapy is not available.

lerotherapy Prophylactic injection sclerotherapy (to
* * prevent the first episode of variceal haemor-

rhage), has been extensively investigated in the
Control 1980s with markedly conflicting results.86 It

became apparent that small specialised groups,
_-u particularly in Europe were showing beneficial

results for prophylactic sclerotherapy8788 whilst
24 multicentre trials from the United States were

actually showing a detrimental effect.899 The
control ability to select patients at high risk of bleeding
2PY.77 on the basis of large varices and overlying red

signs9' has improved the likelihood of benefit
from prophylaxis but the use of such criteria

lled trials inevitably leads to a considerable loss of sensi-
rotherapy tivity. A retrospective assessment of the poten-
onstrictor tial benefits of prophylactic sclerotherapy in our
d provide practice at King's College Hospital provided
cy of the little evidence to support such treatment.92
ated with The concept of a drug to prevent rebleeding
;sion may from varices first appeared a reality in 1980 when
bleeding, Lebrec and colleagues from Paris reported the
eritant to effect of propranolol upon portal hypertension.93
)onade. A Subsequently work in part carried out at King's
i whether College Hospital confirmed the importance of
e variceal the beta-i and beta-2 receptor blockers to pro-
d with the duce the pressure lowering effect.9495 The first
herapy or controlled trial of propranolol for the prevention
trial was of rebleeding confirmed a highly significant
mmediate benefit.9 This led to the widespread and often

variceal indiscriminate use of this drug in patients with
nd nitro- chronic liver disease. Two subsequent negative
naged by control trials9798 produced a period of disillusion-
removing ment but also a period of further investigation.
tricted to Some 10 years on from the first publication a
stasis was large series of controlled trials have now been
he sclero- analysed using meta-analysis, the evidence
t 12 hours pointing towards a beneficial effect upon rebleed-
ents were ing but less conclusively upon survival.' Not
ed group surprisingly, a number of trials have compared
rent. This oral propranolol to longterm injection sclero-
tion con- therapy and to date there is nothing to suggest a
rotherapy significant difference in outcome.'0'0 Despite
nrorrhage. such findings there has been a general reluctance
, that the to relinquish longterm injection sclerotherapy in
roglycerin favour of propranolol. It is likely, however, that
:ontrol of less emphasis will be placed on the longterm
65% and aspects of sclerotherapy, in particular the need to

achieve variceal obliteration and, in such circum-
stances, the addition of oral propranolol or
perhaps the next generation of pharmacological
agents could be optimally used to prevent recur-

therapy
rence of bleeding.
A number of controlled trials have investi-

gated a possible role of non-selective beta recep-
tive blockade for the prevention of the first
episode of variceal haemorrhage (primary
prophylaxis). Both propranolol and nadolol have
been shown to reduce the incidence of first

444 4 haemorrhage although no improvement in sur-
vival ensued.86 Some evidence arose suggesting

44A an adverse effect upon survival by beta receptor
blockade in patients with ascites.'02 As such, an

'0I' 12 indiscriminate use of beta receptor blockade as a
10 12 prophylactic measure cannot be recommended

although there is perhaps sufficient evidence to
ed regime justify its use in patients with well compensated

liver disease.
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Twenty five years ofprogress
There is a commonly held view that survival in
patients with variceal haemorrhage has not been
improved over the last 25 years despite the
extensive investigation into portal hypertension
and its complications. There are no valid means
by which such comparisons may be made but
even the improvements in resuscitation that have
occurred during this period might have been
predicted to account for an improved outcome
from an episode of variceal haemorrhage.
Furthermore we are now in an era in which liver
transplantation offers the prospect of improved
survival in those patients with variceal haemor-
rhage in whom the severity of the underlying
liver disease merits such intervention. With
respect to specific treatment measures injection
sclerotherapy, first introduced over 50 years
ago,'03 has had the most impact upon the out-
come from variceal bleeding. The development
and application of injection sclerotherapy is the
one area in which the Liver Unit at King's
College Hospital has been most closely
associated over the last 25 years. One person in
particular can be singled out for their contribu-
tion, particularly for the design and scrupulous
conduct of the control trial of longterm injection
sclerotherapy.74 Brian MacDougall sadly died in
September 1990 and this article is dedicated to
his memory.

1 Sherlock S. Portal venous system and portal hypertension.
In: Disease ofthe liver and biliary system. Oxford: Blackwell
1955.

2 Kreel L, Williams R. Arteriovenography of the portal
system. BMJ 1964; ii: 1800-4.

3 Blendis LM, Kreel L, Williams R. The coeliac axis and its
branches in splenomegaly and liver disease. Gut 1969; 10:
85-90.

4 Banti G. La esplenomegalia con cirrhosis del higado. Semin
Med. 1894; 4: 340-6.

5 Williams R, Parsonson A, Somers K, Hamilton PJS. Portal
hypertension in idiopathic tropical splenomegaly. Lancet
1966; i: 329-31.

6 Kety SS. Measurement of regional circulation by local
clearance of radioactive sodium. Am Heart J 1949; 38:
321-6.

7 Williams R, Condon RE, Williams HS, Blendis LM, Kreel
L. Splenic blood flow in cirrhosis and portal hypertension.
Clin Sci 1968; 34: 441-52.

8 Blendis LM, Kreel L, Williams R. The radiological deter-
mination of spleen size. Gut 1969; 10: 433-5.

9 Blendis LM, Roberts VC, Spiro M, Williams R. The
comparative measurement of splenic blood flow using 133
Xenon and an electromagnetic flowmeter. Cardiovasc Res
1970; 4: 44-9.

10 Shaldon S, Sherlock SL. Portal hypertension in the myelo-
proliferative syndrome and the reticuloses. Am J Med
1962; 32: 758-64.

11 Rosenbaum DL, Murphy GW, Swisher SN. Hemodynamic
studies on the portal circulation in myeloid metaplasia.
AmJrMed 1966; 41: 360-8.

12 Blendis LM, Banks DC, Ramboer C, Williams R. Spleen
blood flow and splanchnic hemodynamics in blood dys-
crazia and other splenomegalies. Clin Sci 1970; 28: 73-84.

13 Blendis LM, Ansell ID, Lloyd Jones K, Hamilton E,
Williams R. Liver in Felty's syndrome. BMJr 1970; i:
131-5.

14 Blendis LM, Parkinson MC, Shilkin KB, Williams R.
Nodular regenerative hyperplasia of the liver in Felty's
syndrome. QJ Med 1974; 43: 25-32.

15 Wanless I. Micronodular transformation of the liver. Hepa-
tology 1990; 11: 787-97.

16 Orrego H, Blendis L, Crossley I, et al. Correlation of
intrahepatic pressure with collagen in the Disse Space and
hepatomegaly in humans and in the rat. Gastroenterology
1981; 80: 546-56.

17 Blendis L, Orrego H, Crossley I, Blake J, Medline A, Israel
Y. The role of hepatocyte enlargement in hepatic pressure
in cirrhotic and noncirrhotic alcoholic liver disease. Hepa-
tology 1982; 2: 539-46.

18 Vidins E, Britton R, Medline A, Blendis L, Israel Y, Orrego
H. Sinusoidal calibre in alcoholic and nonalcoholic liver
disease: Diagnostic and pathogenic implications.
Hepatology 1985; 5: 408-14.

19 Vorobioff J, Bredfeldt 1, Groszmann R. Hyperdynamic
circulation in a portal hypertensive rat model: a primary
factor for maintenance of chronic portal hypertension.
AmJr Physiol 1983; 244: G52-7.

20 VorobioffJ, Bredfeldt J, Groszmann R. Increased blood flow

through the portal system in cirrhotic rats. Gastroenterology
1984; 87: 1120-6.

21 Benoit J, Granger N. Splanchnic hemodynamics in chronic
portal hypertension. Semin Liver Dis 1986; 6: 287-98.

22 Sherwin R, Joshi P, Hendler R, Felig P, Conn H. Hyper-
glucogonemia in Laeenec's cirrhosis: The role of portal
systemic shunting. N EnglJ Med 1974; 290: 239-42.

23 Sherwin R, Fisher M, Bessof J, Sydner N, Hendler R, Conn
H. Hyperglucognomia in cirrhosis: Altered secretion and
sensitivity to glucagon. Gastroenterology 1978; 74: 1224-8.

24 Lee S, Moreau R, Hadenque A, Cerini R, Koshy A, Lebrec
D. Glucagon selectively increases splanchnic blood flow in
patients with well compensated cirrhosis. Hepatology 1988;
8: 1501-5.

25 Silva G, Navasa M, Bosch J, et al. Hemodynamic effects of
glucagon in portal hypertension. Hepatology 1990; 11:
668-73.

26 Benoit J, Simmerman B, Premen A, Go V, Granger D. Role
of glucagon in splanchnic hyperemia of chronic portal
hypertension. AmJ Physiol 1986; 251: G674-7.

27 Kravetz D, Bosch J, et al. Effects of somatostatin on
splanchnic hemodynamics and plasma glucagon in portal
hypertensive rats. AmJ7 Physiol 1988; 254: G322-8.

28 Ohkubo H, Okuda K, Iida S, Ohnishi K, Ikawa S, Makino I.
Role of portal and splenic vein shunts and impaired
hepatic extraction in the elevated serum bile acids in liver
cirrhosis. Gastroenterology 1984; 86: 514-20.

29 Benoit J, Thomas S, Joh T. Bile acids as partial mediators of
the splanchnic hyperemia ofchronic portal hypertension in
the rat. [Abstract] Gastroenterology 1989; 95; A39.

30 Bush A, Busst C, Clarke B, Barnes P. Effect of infused
adenosine on cardiac output and systemic resistance in
normal subjects. BrJ Clin Pharmacol 1989; 27: 165-71.

31 Miyamoto K, French S, Hepatic adenine nucleotide
metabolism measured in vivo in rats fed ethanol and a high
fat-low protein diet. Hepatology 1988; 8: 53-60.

32 Carmichael F, Saldiva V, Varghese G, Israel Y, Orrego H.
Ethanol-induced increase in portal blood flow: Role of
acetate and Al and A2 adenosine receptors. Am J Physiol
1988; 255: G417-23.

33 Kiel J, Pitts V, Benoit J, Granger D, Shepherd A. Reduced
vascular sensitivity to norepinephrine in portal hyper-
tensive rats. AmJ Physiol 1985; 248: G192-5.

34 Finberg J, Syrop H, Better 0. Pressor response to angio-
tensin and sympathomimetic amines in bile-duct ligated
ducts. Clin Sci 1981; 61: 535-9.

35 Murray B, Paller M. Decreased pressor reactivity to angio-
tensin II in cirrhotic rats. Evidence of a post-receptor
defect in angiotensin action. Circ Res 1985; 57: 424-31.

36 Murray B, Paller M. Pressor resistance to vasopressin in
sodium depletion, potassium depletion and cirrhosis.
AmJtPhysiol 1986; 251: R525-30.

37 Kroeger R, Groszmann R. Increased portal venous resistance
hinders portal pressure reduction during the administra-
tion of B-adrenergic blocking agents in a portal hyperten-
sive model. Hepatology 1985; 5: 97-101.

38 Blackmore AH. Portacaval anastomosis: A report on fourteen
cases. BullN YAcadMed 1946; 22: 254-6.

39 Blakemore AH. Portacaval shunting for portal hypertension.
SurgGynecol Obst 1953; 94: 443-54.

40 Jackson FC, Penfin ED, Felix R. A clinical investigation of
the portacaval shunt. Ann Surg 1971; 174: 672-701.

41 Resnick RH, Iber FL, Ishihara AM, Chalmers IC, Zimmer-
man H. A controlled study of the therapeutic portacaval
shunt. Gastroenterology 1974; 67: 843-57.

42 Reynold TB, Donovan AJ, Mikkelson WP. Results of a 12
years randomised trial of portacaval shunt in patients with
alcoholic liver disease and bleeding varices. Gastr-
enterology 1981; 80: 1005-11.

43 Conn HO, Lindemnuth WW. Prophylactic portacaval
anastomosis in cirrhotic patients with oesophageal varices.
N EnglJ Med 1%8; 279: 725-32.

44 Riddell AG, Bloor K, Hobbs KEF, Jacquet N. Elective
splenorenal anastomosis. BMJ7 1972; i: 731-4.

45 Fischer JE, Bower RH, Atamian S, Welling R. Comparison
of distal and proximal splenorenal shunts. A randomised
prospective trial. Ann Surg 1981; 194: 531-44.

46 Drapanas T, Locicero J, Dowling JB. Hemodynamics of the
interposition mesocaval shunt. Ann Surg 1975; 181: 523-7.

47 Smith MGM, Cruft RJ, Davidson AR, Laws JW, Dawson
JL, Williams R. Mesentericocaval jump graft in the
management of portal hypertension. Experience with 24
cases. BMJ 1974; 111: 705-8.

48 Warran WD, Millikan WJ, Henderson JM. Ten year porto-
hypertensive surgery at Emory: Results and new perspec-
tives. Ann Surg 1982; 195: 530-42.

49 Langer B, Taylor BR, MacKenzie DR, Gilas T, Stone RM,
Blendis LM. Further report of a prospective randomized
trial comparing distal splenorenal shunt. An analysis of
encephalopathy, survival and quality of life. Gastro-
enterology 1985; 88: 424-9.

50 Pitcher JL. Safety and effectiveness of the modified Seng-
staken-Blakemore tube: A prospective study. Gastro-
enterology 1971; 61: 291-8.

51 Conn HO. Sengstaken-Blakemore tube revisited. Gastro-
enterology 1971; 61: 398-400.

52 Teres J, Cecilia A, Bordas JM, Romola A, Bru C, Rodes J.
Esophageal tamponade for bleeding varices. Gastro-
enterology 1975; 75: 566-9.

53 Mitchell K, Silk DBA, Williams R. A prospective com-
parison of two sengstaken tubes in the management of
patients with variceal haemorrhage. Gut 1980; 21: 570-3.

54 Cooperman AM, Herman RE. Ligation procedures in the
management of portal hypertension. Surgery 1977; 81:
382-6.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.32.S

uppl.S
18 on 1 S

eptem
ber 1991. D

ow
nloaded from

 

http://gut.bmj.com/


S24 MacDougall, Westaby, Blendis

55 Pugh RNH, Murray Lyon IM, Dawson JL, Pietroni MC,
Williams R. Transection of the oesophagus for bleeding
oesophageal varices. BrJ Surg 1973; 60: 646-50.

56 Shaldon S, Sherlock S. The use of vasopressin in the control
of bleeding from oesophageal varices. Lancet 1960; ii:
222-5.

57 Merigan TC, Plotkin GR, Davidson CS. Effect of intra-
venously administered posterior pituitary extract on
Haemorrhage from bleeding oesophageal varices. N EnglJ
Med 1962; 266: 134-5.

58 Groszmann R, Kravetz D, Bosch J, et al. Nitroglycerin
improves hemodynamic response to vasopressin in portal
hypertension. Hepatology 1982; 2: 757-62.

59 Gimson A. Westaby D, Hegarty J, Watson A, Williams R. A
randomized trial of vasopressin and vasopressin plus
nitroglycerin in the control of acute variceal hemorrhage.
Hepatology 1986; 6: 410-3.

60 Tsai Y, Lay K, Ng W, et al. Controlled trial of vasopressin
plus nitroglycerin Vs vasopressin alone in the treatment of
bleeding esophageal varices. Hepatology 1986; 6: 406-9.

61 Bosch J, Graszmann R, Garcia-Pagan J, et al. Association of
transdermal nitroglycerin to vasopressin infusion in the
treatment of variceal hemorrhage: A placebo-controlled
clinical trial. Hepatology 1989; 10: 962-8.

62 Freeman J, Lishman A, Cobden I, Record C. Controlled trial
of terlipressin (glypressin) versus vasopressin in the early
treatment of oesophageal varices. Lancet 1982; ii: 66-8.

63 Walker S, Stiehl A, Raedsch R, Kommerell B. Terlipressin in
bleeding esophageal varices, a placebo-controlled, double-
blind study. Hepatology 1986; 6: 112-5.

64 Freeman J, Cobden I, Record C. Placebo controlled trial of
glypressin in the management of acute variceal bleeding.
J Clin Gastroenterol 1989; 11: 58-60.

65 Lin H, Tsai Y, Lee Y, Chiang T, Wang S, Lay C, Lee S, Lo
K. Systemic and portal haemodynamic changes following
triglycycllysine vasopressin plus nitroglycerin administra-
tion in patients with hepatitis B-related cirrhosis. J Hepatol
1990; 10: 370-4.

66 Kravetz D, Bosch J, Teres J, Bruix J, Rimola A, Rodes J.
Comparison of intravenous somatostatin and vasopressin
infusions in treatment of acute variceal haemorrhage.
Hepatology 1984; 4: 442-6.

67 Jenkins S, Baxter J, Corbett W, Dewitt P, Ware J, Shields R.
A perspective randomised controlled clinical trial compar-
ing somatostatin and vasopressin in controlling acute
variceal haemorrhage. BMJ 1985; 290: 275-8.

68 Burroughs A, Sprengers D, Hughs M, D'Heygere F, Mc-
Cornick A, Mclntyres N. Randomised, double-blind
placebo controlled trial of somatostatin for control of
variceal bleeding. [Abstract] J Hepatol 1988; 7 (suppl 1):
S14.

69 Valenzuela J, Schubert T, Fogel R, et al. A multicenter
randomized double-blind trial of somatostatin in the
management of acute hemorrhage from esophageal varices.
Hepatology 1989; 10: 958-61.

70 Williams KGD, Dawson JL. Fibreoptic injection ofoesopha-
geal varices. BMJ 1979; ii: 766-7.

71 Westaby D, MacDougall BRD, Melia WM, et al. A prospec-
tive, randomized study of two sclerotherapy techniques for
oesophageal varices. Hepatology 1983; 3: 681-4.

72 Westaby D, Melia WM, MacDougall BRD, et al. Injection
sclerotherapy for oesophageal varices: a prospective ran-
domized trial of different treatment schedules. Gut 1984;
25: 129-32.

73 Polson RJ, Westaby D, Gimson AES, et al. Sucralfate for the
prevention of early rebleeding following injection sclero-
therapy for oesophageal varices. Gastroenterology 1989; 97:
715-25.

74 MacDougall BRD, Westaby D, Theodossi A, Dawson JL,
Williams R. Increased long term survival in variceal
haemorrhage using injection sclerotherapy. Lancet 1982; i:
124-7.

75 Westaby D, MacDougall BRD, Williams R. Improved
survival following injection sclerotherapy for oesophageal
varices. Final analysis of a controlled trial. Hepatology
1985; 5:627-31.

76 Terblanche J, Bornman PC, Kahn D et al. The failure of
long-term injection sclerotherapy after variceal bleeding to
improve survival. Lancet 1983; ii: 1328-32.

77 Korula J, Balart LA, Radvan G et al. A prospective,
randomized controlled trial of chronic esophageal variceal
sclerotherapy. Hepatology 1984; 5: 584-9.

78 The Copenhagen Esophageal Varices Sclerotherapy Project.
Sclerotherapy after first variceal hemorrhage in cirrhosis. A
randomized multicenter trial. N Engl J Med 1984; 311:
1594-600.

79 Soderlund C, Ihre T. Endoscopic sclerotherapy versus con-

servative management of bleeding esophageal varices. A 5-
year prospective controlled trial of emergency and long-
term treatment. Acta ChirScand 1985; 151: 449-56.

80 Infante-Rivard C, Esnaola S, Villeneuve J-P. Role of endo-
scopic variceal scierotherapy in the long-term management
ofvariceal bleeding: a meta-analysis. Gastroenterology 1989;
96:1087-92.

81 Barsoum MA, Boulous FI, El-Robby A, et al. Tamponade
and injection sclerotherapy in the management of bleeding
oesophageal varices. BrJ Surg 1982; 69: 76-8.

82 Paquet KJ, Feussner H. Endoscopic sclerosis and esophageal
balloon tamponade in acute hemorrhage from esophago-
gastric varices: a prospective controlled randomized trial.
Hepatology 1985; 5: 580-3.

83 Larson AW, Cohen H, Zweiban B et al. Acute esophageal
variceal sclerotherapy.JAMA 1986; 255: 497-500.

84 Moreto M, Zaballa M. Bernal A, Ibanez S, Ojembarrena E,
Rodriguez A. A randomised trial of tamponade or sclero-
therapy as inumediate treatment for bleeding esophageal
varices. SurgGynecol Obstet 1988; 167: 331-4.

85 Westaby D, Hayes P, Gimson A, Poison R, Williams R.
Controlled trial of injection sclerotherapy for active
variceal bleeding. Hepatology 1989; 9: 274-7.

86 Pagliari L, Burroughs AK, Sorensen TA, et al. Therapeutic
controversies and randomised controlled trials: prevention
of bleeding and rebleeding in cirrhosis. Gastroenterol Int
1989; 2:71-84.

87 Paquet KH. Prophylactic endoscopic sclerosing treatment of
esophageal wall in varices: a prospective controlled ran-
domized trial. Endoscopy 1982; 14: 4-5.

88 Witzel L, Wolbergs E, Merki H. Prophylactic endoscopic
sclerotherapy of oesophageal varices. Lancet 1985; i:
773-6.

89 Gregory P, Hartigan P, Amodeo D, et al. Prophylactic
sclerotherapy for oesophageal varices in alcoholic liver
disease: results of a VA co-operative randomized trial.
[Abstract]. Gastroenterology 1987; 92: 1414.

90 Santangelo WC, Dueno MI, Estes BL, Kreis GJ. Prophy-
lactic sclerotherapy of large esophageal varices. N Engl J
Med 1988; 318: 814-8.

91 North Italian Endoscopy Club. Prediction of the first variceal
hemorrhage in patients with cirrhosis of the liver and
esophageal varices. A prospective multicenter study.
NEnglJMed 1988; 319: 983-9.

92 Hayes PC, Westaby D, Williams R. Editorial. Prophylactic
injection sclerotherapy: A critical appraisal. Am J Gastro-
intest Endosc 1988; 34: 359-60

93 Lebrec D, Corbic M, Nouel 0, Benhamou JP. Propranolol.
A medical treatment for portal hypertension. Lancet 1980;
ii: 180-2.

94 Westaby D, Gimson AES, Bihari D, Crossley IR, Williams
R. Selective and non-selective ,8-blockade in the reduction
of portal pressure in patients with cirrhosis and portal
hypertension. Gut 1984; 25: 121-4.

95 Bihari D, Westaby D, Gimson A, Crossley I, Harry J,
Williams R. Reductions in portal pressure by selective
B2-adrenoreceptor blockade in patients with cirrhosis and
portal hypertension. BrJ Clin Pharmacol 1984; 17: 753-8.

96 Lebrec D, Poynard T, Bernuau J, et al. A randomized
controlled study of propranolol for prevention of recurrent
gastrointestinal bleeding in patients with cirrhosis: a final
report. Hepatology 1984; 4: 355-6.

97 Burroughs AK, Jenkins WJ, Sherlock S, et al. Controlled
trial of propranolol for the prevention of recurrent variceal
hemorrhage in patients with cirrhosis. N Englj Med 1983;
309: 1539-42.

98 Villeneuve JP, Pomier-Layrargues G, Infante-Rivard C.
Propranolol for the prevention of recurrent variceal hemor-
rhage: a controlled trial. Hepatology 1986; 6: 1239-43.

99 Fleig WE, Stange EF, Hunecke R, et al. Prevention of
recurrent bleeding in cirrhotic with recent variceal hemor-
rhage: prospective, randomized comparison of propranolol
and sclerotherapy. Hepatology 1987; 12: 234-9.

100 Alexandrino PT, Alver MM, Correia JP. Propranolol or
endoscopic sclerotherapy in the prevention ofrecurrence of
variceal bleeding. A prospective, randomized controlled
trial.JHepatol 1988; 7: 175-85.

101 Westaby D, Polson RJ, Gimson AES, Hayes PC, Hayllar K,
Williams R. A controlled trial of oral propranolol com-
pared with injection sclerotherapy for the long-term man-
agement of variceal bleeding. Hepatology 1990; 11: 353-9.

102 The Italian Multicenter Project for Propranolol in Prevention
of Bleeding. Propranolol prevents first gastrointestinal
bleeding in non-ascitic cirrhotic patients. Final report of a
multicenter randomized trial.JHepatol 1989; 9: 75-83.

103 Williams R, Westaby D. History and development of sclero-
therapy. Gastrointest Endosc 1983; 29: 303-7.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.32.S

uppl.S
18 on 1 S

eptem
ber 1991. D

ow
nloaded from

 

http://gut.bmj.com/

