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LIVER, BILIARY AND PANCREAS

Postprandial changes in portal haemodynamics in
patients with cirrhosis

S O'Brien, M Keogan, S Patchett, P A McCormick, N Afdhal, J E Hegarty

Abstract
Previous studies have shown that portal
venous pressure increases in patients with
cirrhosis after a protein meal. Since this in-
crease may be mediated by an increase in
hepatic blood flow or postsinusoidal hepatic
vascular resistance, the present study was
designed to examine the precise relation
between the postprandial changes in these
three variables in patients with cirrhosis and
portal hypertension. Estimated hepatic blood
flow (EHBF; indocyanine green clearance),
portosystemic gradient (PSG; wedged free
hepatic venous pressure), and postsinusoidal
hepatic vascular resistance (PSR=PSG/
EHBF) were measured simultaneously before
and at 10 minute intervals after a high protein
meal, containing 80 g protein, 40 g carbo-
hydrate and 12 g fat (600 kcal) in nine patients
(seven alcoholic, two non-alcoholic) with cir-
rhosis and portal hypertension. After the meal,
the portosystemic gradient increased by 33%
from mean (SEM) 15*6 (0.9) mm Hg to 20*7
(1.3) mm Hg, (p<0 01; Wilcoxon signed ranks
test) within 30 minutes. Coincident with this
increase in portosystemic gradient, estimated
hepatic blood flow increased by 69-2% from
20x1 (1.7) mUmin/kg to 33-9 (2.5) mUmin/kg
(p=0.01), peak values occurring at 25 minutes,
at which time the postsinusoidal hepatic
vascular resistance had decreased by 31% from
1 10 (0.1) 10'2 mm Hg/mUmin to 0x8 (0.5)
10'2 mm Hg/mUmin (p=001). These results
suggest that the postprandial increase in portal
venous pressure in patients with cirrhosis is
mediated by an increase in hepatic blood flow
and modified by a simultaneous decrease in
postsinusoidal resistance.
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Previous studies have shown that in patients with
cirrhosis and portal hypertension, fasting portal
venous blood flow is increased as a result of
decreased splanchnic precapillary resistance,
mediated by a variety of metabolic, neural, and
humoral mechanisms.' 2 This increase in portal
venous blood flow is associated with an increase
in intrahepatic vascular resistance resulting from
lobular architectural disruption, and is a major
factor determining the increase in portal venous
pressure observed in these patients.3 Several
studies in humans have shown an increase in
portal venous pressure after a meal, an effect
which is more noticeable in patients with cirrhosis
and portal hypertension."9 This exaggerated

postprandial increase in portal venous pressure
in cirrhotic patients may result from either a
meal stimulated increase in splanchnic and hence
portal venous blood flow, an increase in intra-
hepatic vascular resistance, or a combination of
these effects. The present study was designed to
examine the effects of a high protein meal on
portal venous pressure and hepatic blood flow in
patients with cirrhosis and portal hypertension
and to define the temporal relation between the
postprandial changes in portal pressure, hepatic
blood flow, and hepatic vascular resistance.

Methods

PATIENTS
Nine patients (six men and three women), mean
age 56 years (range 40-72 years) with compen-
sated cirrhosis were studied. Seven patients had
alcohol related liver disease, one patient had
haemochromatosis, and one patient biliary cir-
rhosis. All patients had portal hypertension
diagnosed on the basis of endoscopically shown
oesophageal varices or splenomegaly, or both.
Relevant clinical data are summarised in Table I.
Informed consent was obtained from each sub-
ject. Approval for the study was obtained from
the Medical Ethics Committee at St Vincent's
Hospital.

PROCEDURES
All patients were studied in the supine position
after an overnight fast.

Measurement ofportosystemic gradient
Portal pressure was measured as detailed pre-
viously.'0 A 7FG torque controlled balloon
catheter (Cordis, USA), inserted into the right
femoral vein using a Seldinger technique, was
advanced to a main hepatic vein and the position

TABLE I Clinical details ofthe patients

Patients (no) (sex) 9 (6 M, 3 F)
Age mean (range) (yrs) 55-9 (40-72)
Aetiology Alcoholic cirrhosis (n = 7)

Haemochromatosis (n= 1)
Biliary cirrhosis (n = 1)

Varices grade III (n=3)
II (n=4)
I(n= 1)
None (n= 1)

Child's grade A (n=5)
B (n=2)
C (n=2)
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Figure 1: Postprandial changes in portosystemic gradient. Arrows indicate mean (SEM).

decaying ICG values was constructed and inter-
polated to zero time to give the estimated instan-
taneous ICG value. The volume of distribution
(Vd) was calculated from the formula:

Vd (ml)=
Dose (g)

Estimated instantaneous value ([g/ml)
i Infusion of ICG was begun and an arterial line

was inserted. After a bolus dose of 5 mg ICG,
infusion was begun at a rate of 0 5 mg/min and a
minimum of 20 minutes was allowed for
equilibration. Five simultaneous arterial and
hepatic venous samples were drawn at five
minute intervals before ingestion of the meal and
at 15, 25, 35, 45, and 55 minutes after the meal.
In addition arterial samples were drawn between
paired samples to allow calculation of the rate of
change of the arterial ICG value. The estimated
hepatic blood flow (EHBF) was calculated from
the formula:

of the catheter tip checked in the free position
using contrast medium. The balloon was inflated
with 1 2 ml of air and occlusion of the hepatic
vein was confirmed after injection of contrast
medium. A physiological pressure transducer
(Gould Electronics) connected to a Horizon 2000
monitor was flushed with normal saline, cali-
brated using the free pressure at the level of the
right atrium as a zero point, and attached to the
balloon catheter. The portosystemic gradient
was measured at five minute intervals for 20
minutes before the meal, and 10 minute intervals
afterwards. On each occasion, the free and
wedged hepatic pressures were measured twice
and the mean portosystemic pressure gradient
derived.

Measurement ofhepatic bloodflow
Hepatic blood flow was measured by indo-
cyanine green (ICG) clearance using the con-
tinuous infusion method as detailed elsewhere"

Before the study the volume of distribution of
ICG was determined. Five mg of ICG were
injected rapidly, and serial blood specimens were
collected in oxalated tubes and assayed within six
hours by spectrophotometry. A semilog plot of

p = 0.01

After meal

EHBF (mi/mmn) = RI+/-(dc/dtxVd) 100
Ca-Chv 100-Hct

Where: RI=rate of infusion of ICG; dc/dt=rate
of change of arterial ICG; Vd=volume of dis-
tribution of ICG; Ca=arterial concentration of
ICG; Chv=hepatic venous concentration of
ICG; Hct=haematocrit.
The correction factor dc/dt was included to

account for the difference between the rate of
elimination and the rate of infusion in the non-
steady state. The mean of the basal hepatic blood
flow measurements was taken as the preprandial
value. Hepatic extraction of ICG (Ca-Chv) was
greater than 10% of estimated hepatic blood flow
in all patients.

STUDY MEAL
A liquid meal containing 80 g of protein, 40 g
carbohydrate, 12 g fat and 600 kcals was given to
each patient. It was prepared from 38 g Build-Up
powder, 60 g Casilan, and 300 ml milk made up
to 500 ml with water. The meal was consumed
within 10 minutes.

CALCULATION OF POSTSINUSOIDAL RESISTANCE
Postsinusoidal hepatic vascular resistance (PSR)
was calculated using the formula":

PSR - Transhepatic pressure gradient
Hepatic blood flow

Transhepatic pressure gradient was calculated as
wedged minus free hepatic venous pressure.

TABLE II Changes in free hepatic venous pressure (FHVP),
wedged hepatic venous pressure (WHVP), and portosystemic
gradient (PSG) before and after a meal

FHVP (mm Hg) WHIVP (mm Hg) PSG (mm Hg)

Patient no Before After Before After Before After

1 2 0 25 28 23 28
2 5 5 20 21 15 16
3 2 2 18 23 16 21
4 4 2 18 20 14 18
5 0 1 15 21 15 20
6 4 5 17 22 13 17
7 1 -2 17 22 16 24
8 5 4 20 24 1 5 20
9 0 0 15 23 15 23
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Figure 2: Postprandial changes in hepatic bloodflow. Arrows indicate mean (SEM).
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Figure 3: Postprandial changes in postsinusoidal resistance. Arrows indicate mean (Si

ANALYSIS
All data are reported as mean (SEM).
maximal values refer to the mean of the n
values obtained in the individual patien
and postprandial values were compared
Wilcoxon signed ranks test.

Results
Within 30 minutes ofthe meal, the portos)
gradient increased by 33% from a basal v
15-6 (0 9) mm Hg to a mean maximal v
20-7 (1-3) mm Hg, (p<0 01), (Fig 1). Est
hepatic blood flow increased by 69-2% fro
(1-7) ml/min/kg to 33-9 (2-5) ml/n
(p=OO1), (Fig 2). Postsinusoidal hepat
cular resistance decreased by 31% from
value of 1 1 (0-7) mm Hg/ml/min to a
minimal value of 0-8 (0 5) mm Hg/n
(p=O-Ol), Fig 3). In all nine patients the
observed with each variable were consis
shown in Figures 1, 2, and 3. The time cc
the postprandial changes in portal
pressure parallelled that ofthe changes in I
blood flow with reciprocal changes in po
soidal hepatic vascular resistance. (Fig 4).
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Figure 4: Temporal relation between the postprandial changes in portosystemic gradie:
hepatic bloodflow, and postsinusoidal resistance. Values at each timepoint represent th
valuesfor the nine patients.

Discussion
The results of this study show that after a high
protein meal the hepatic venous pressure gradient
and total hepatic blood flow increased by 33%
and 69% respectively and were associated with a
31% reduction in hepatic vascular resistance.
This increase in total hepatic blood flow may
have been related to an increase in hepatic
arterial or portal venous flow since indocyanine
green clearance cannot discriminate between
changes in the individual components of total
hepatic blood flow. Previous studies have shown
that splanchnic, and hence portal, blood flow

0 01 increases in the postprandial state and that under
a variety of conditions there are reciprocal
changes in hepatic arterial and portal venous

mieal blood flow.'2 "Thus, the postprandial increase in
total hepatic blood flow observed in this study is

,EM). likely to be predominantly related to an increase
in portal venous blood flow. Since pressure in
any vascular system is determined by flow and

Mean resistance within that system, an increase in the
iaximal postprandial portal blood flow would account for
its. Pre the increase in hepatic venous pressure gradient.
using a The results of the present study agree withthose of Lee et al but conflict with those of

Gaiani, who showed no increase in blood flow
after a standard Italian meal.85 Estimates of
portal venous blood flow in the latter study,

ystemic however, were performed 60 minutes after the
value of meal and it is possible that an increase in portal
alue of blood flow had occurred earlier as was shown in
timated the present study and that of Lee et al.8
im 20-1 Of major physiological interest is whether or
min/kg, not pressure dependent autoregulation of blood
tic vas- flow is present within the hepatic vascular bed. 12
a basal The assessment of pressure dependent auto-

a mean regulation of blood flow depends on the relation
nl/min between the pressure gradient (portal venous -

trends hepatic venous pressure) and the calculated
stent as vascular resistance (pressure gradient/blood
iurse of flow). In vascular beds that exhibit flow directed
venous autoregulation, resistance increases with increas-
vepat. ing pressure - tending to maintain blood flow
setsinuc constant. In vascular beds that exhibit pressure

directed autoregulation, vascular resistance
either remains constant or decreases with increas-
ing pressure, and blood flow and perfusion

40 pressure have a direct relation.'2 The results of
this study suggest that flow directed autoregula-
tion does not occur to any great extent within the

, hepatic vascular bed since the increase in hepatic
30:'~blood flow was associated with a decrease in3

hepatic vascular resistance, a situation which
g prevents extreme rises in portal pressure during
j periods of increased splanchnic/portal blood
0o flow. The reduction in hepatic vascular resis-

.5 -0
+ tance is a dynamic variable that can modify
8 change in portal venous haemodynamics.'6 It is
n possible that the meal related reduction in hepatic

5 , vascular resistance observed in this study results
10 a from an inhibition ofsympathetic nervous system

I activity, as has been shown after administration
of clonidine to patients with cirrhosis and portal

- hypertension, or to the release of vasoactive
60 digestive products, metabolites, or gut

hormones.'6"' It should be emphasised, h-ow-
ever, that any conclusions based on changes in

e?mean Of hepatic vascular resistance - a derived variable -
should be treated with caution.
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Of particular interest is the possible role of
glucagon in mediating the postprandial increase
in portal venous blood flow. Several studies have
shown that plasma glucagon concentrations rise
in the postprandial state and that the size of the
increase in these values is directly related to the
protein content of the meal.'5"25 Moreover, the
increase in plasma glucagon values has been
associated with increased organ blood flow.2' 22 In
addition, administration of supraphysiological
doses of glucagon to patients with compensated
cirrhosis has been shown to increase splanchnic
blood flow as determined by increases in azygous
blood flow.23
The pharmacological control of portal hyper-

tension has attracted considerable attention over
the last decade. Several vasoactive drugs includ-
ing P adrenoreceptor antagonists and venodilators
have been shown to reduce portal venous blood
flow and pressure, and based on their haemo-
dynamic effects, their use has been advocated for
the prevention of recurrent bleeding from oeso-
phageal varices.24 26 Controlled clinical trials
evaluating the use of P adrenoreceptor antago-
nists in the prevention of variceal haemorrhage
have, however, yielded conflicting results and in
one such study propranolol was shown to be of
no benefit in the prevention ofrecurrent haemor-
rhage despite the observation that portal
pressure was significantly reduced in the pro-
pranolol treated group.2' The effects of vaso-
active drugs, including propranolol, on portal
haemodynamics in patients with portal hyper-
tension have been evaluated in the fasted state in
most if not all studies and did not consider
dynamic changes in portal blood flow - for
example, after a meal - which may be mediated
by mechanisms unaffected by P receptor
blockade. Assuming that the degree of portal
venous pressure is an important factor determin-
ing the likelihood of bleeding or rebleeding from
oesophageal varices, then the results of the
present study would suggest that the evaluation
of pharmacological agents considered for use in
the management of portal hypertension should
include an assessment of their effects on post-
prandial portal haemodynamics.
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