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SUMMARY In order to examine the relationship of various haemodynamic parameters in two
different liver diseases, 10 patients with cirrhosis of liver and 14 patients with non-cirrhotic portal
fibrosis were studied. In cirrhotics, mean (±SD) wedged hepatic (25 8±6.4 mmHg), intrahepatic
(24.5 ±6.2 mmHg) and intrasplenic (25.0±5.6 mmHg) pressures correlated significantly (p<0001)
with intravariceal (25.2±6.7) pressure measurements. In patients with NCPF, mean (±SD)
wedged hepatic (9.1+±37 mmHg) and intraphepatic (15.4±+58 mmHg) pressures were significantly
(p<001) lower than the intrasplenic (24.5+4.2 mmHg) and intravariceal (23.96±5.6 mmHg)
pressures. Two independent pressure gradients, one between intrasplenic and intrahepatic
pressure (8.9±6.5 mmHg) and another between intrahepatic and wedged hepatic venous pressure
(6.2±5.6 mmHg) were seen in non-cirrhotic portal fibrosis patients, indicating the likelihood of
both pre- and perisinusoidal resistance to flow of portal venous blood in these patients. A highly
significant (p<0.001) correlation between intravariceal and intrasplenic pressures was found in
patients with cirrhosis of liver (r=0.93), as well as in patients with non-cirrhotic portal fibrosis
(r=0.85). No correlation was found between the size of oesophageal varices and wedged hepatic
and intrahepatic pressures. Patients with grade 4 varices had significantly higher intravariceal
(p<0.01) and intrasplenic (p<005) pressure than patients with grade 2 varices. It can be concluded
that intravariceal pressure is representative of portal pressure in patients with cirrhosis of liver as

well as in non-cirrhotic portal fibrosis patients and it can be recommended as the single
haemodynamic investigation in patients with portal hypertension and oesophageal varices.

Conventional techniques used for the assessment of
portal pressure have included wedged hepatic vein
pressure, umbilical vein catheterisation, direct portal
vein pressure measurement at surgery and intra-
splenic pressure recording.' Intrahepatic pressure
measurement with the help of a thin needle has also
been found to be a simple and equally sensitive
method as wedged hepatic vein pressure measure-
ment in patients with alcoholic cirrhosis.' All these
methods are, however, invasive and do not reflect the
precise pressure inside the oesophageal varices. In
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a recent study, variceal pressure was measured
indirectly with the help of a pneumatic pressure
sensor device fitted to an endoscope and was found to
correlate well with the superior mesenteric vein
pressure measured at surgery. Dawson et al using the
same technique reported a significant correlation
between variceal pressure and wedged hepatic vein
pressure in patients with alcoholic cirrhosis.4 These
observations have, however, not been further vali-
dated. Moreover, little information is available on
the interrelationship of intravariceal pressure with
intrasplenic, wedged hepatic vein pressure and intra-
hepatic pressure in patients with cirrhosis of liver.

Non-cirrhotic portal fibrosis is a common cause of
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portal hypertension in India and Japan." The aetio-
pathogenesis of this disease is poorly understood.
The patients generally present with splenomegaly
and a history of recurrent variceal bleeding.' The few
haemodynamic studies available on non-cirrhotic
portal fibrosis patients give conflicting and inade-
quate information.` " The present study was

designed to measure the different haemodynamic
parameters in patients with cirrhosis of liver and in

non-cirrhotic portal fibrosis patients. An attempt was

also made to find out the correlation between the
various haemodynamic measurements in the two
groups of patients.

Methods

PATIENTS

Twenty four patients with portal hypertension, 10
with cirrhosis (eight men, two women, mean age

36 6±7 9 years) of the liver and 14 with non-cirrhotic
portal fibrosis (nine men, five women, mean age

29.3+4 7 years) were investigated. The diagnosis of
cirrhosis was made at histopathology in all the
patients. Of the 10 patients, five each had alcoholic
and posthepatitic or cryptogenic cirrhosis. All the
patients belonged to Child's A category of liver
disease. None had a past history of ascites, hepatic
encephalopathy or was receiving beta blocking
agents. The diagnosis of non-cirrhotic portal fibrosis
was based on the criteria described earlier'`- that is,

in a patient with portal hypertension, presence of
dilated and patent splenic and portal veins and no

evidence of cirrhosis at liver biopsy. Grading of
oesophageal varices was done from 1 to 4. Grade 2
varices were seen in seven (cirrhosis three, non-

cirrhotic portal fibrosis four), grade 3 in seven

(cirrhosis three, non-cirrhotic portal fibrosis four)
and grade 4 in 10 (cirrhosis four, non-cirrhotic portal
fibrosis six) patients.

HAEMODYNAMIC INVESTIGATIONS

All patients were told about the nature of the study
and the protocol of investigations, and their informed
written consent was obtained. The procedures were

all done at one sitting and in the same order, a

minimum of 15 days after cessation of variceal
bleeding and when haemoglobin value was greater
than 8.0 g/dl. After a minimum fast of six hours, a 7 F
Goddale-Lubin catheter was introduced percutan-
eously under local anaesthesia into the lumen of the
femoral vein with the help of a vessel dilator and
polypropylene sheath according to the Seldinger
method. Pressures were recorded using a fluid filled
transducer and a multichannel ink jet recorder
Mingograph (Siemens-Elema), on a paper running at
mm/sec. An electronic mean of the readings was

taken. The zero reference level for all the pressure
measurements was set at 5 cm below the sternal
angle. The catheter was wedged in the right lateral
and inferior area of the liver shadow under fluro-
scopic control as suggested by Valla et al.'` Wedging
in a hepatic vein was considered to be satisfactory
when the following criteria were fulfilled: (a) stable
pressure curve; (b) absence of reflux after injection of
2 ml contrast material into the catheter; (c) sharp fall
in pressure upon withdrawal of the catheter. Hlepar-
inised saline was flushed after two minutes to obviate
the possible vasospastic effects of the contrast injec-
tion. An identical value in two hepatic venules was
considered as the correct wedged hepatic vein pres-
sure and was recorded.

Intrahepatic interstitial pressure was measured by
inserting into the liver parenchyma a Chiba needle
(23-15.0 DCN, Cook Bloomington Inc. Markhem,
Ontario, Canada) under fluoroscopic control. The
needle was flushed clean and filled with saline and
connected to a recorder for measurement of inter-
stitial pressure. If the patient was apprehensive and
was hyperventilating (only two patients), 5-10 mg
diazepam was given intravenously and the procedure
was repeated. A mean of two to three measurements,
recorded from at least two different areas within the
liver was taken as the intrahepatic pressure. Intra-
splenic pressure was similarly recorded with the help
of a Chiba needle.

Intravariceal pressure was recorded with a simple
Teflon catheter which had been used earlier as a
variceal injector.` After insertion through the endo-
scopic channel, the injector, filled with absolute
alcohol was made to puncture a variceal column
approximately 5 cm above the cardia. As blood flows
up into the injector immediately on puncturing the
vein because of high intravariceal pressure, it ensures
a proper intravariceal placement of the injector
needle. As absolute alcohol is an aqueous solution
and has nearly the same specific gravity as water, it
was used as a fluid medium for measuring variceal
pressure. In five successive blinded procedures, no
difference was found between the pressure recorded
by using absolute alcohol or normal saline (0(-9%/O) in
the injector. Intravariceal pressure was recorded
while the patient was breathing normally without any
retching, by connecting the injector to the fluid filled
transducer. A mean of a minimum of three readings
was obtained. Intra-oesophageal pressure was
measured simultaneously by means of a manometer
line attached to the endoscope and was used as an
internal zero reference point from which the varix
pressure was recorded. After measuring the pressure
from the second varix (in two patients after the third
varix) proper sclerotherapy of all varices was carried
out.' 1S ,,
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STATISTICAL ANAlIYSIS
t-Test for independent samples and one way analysis
of variance for unequal group sizes followed by
multiple range test were used. Inter-relationship of
various haemodynamic parameters were studied by
Karl-Pearson's coefficient of correlation. The various
observations are presented as mean (+SD).

Results

The mean (±SD) wedged hepatic vein pressure and
intrahepatic pressures in patients with cirrhosis were
258±+6.42 mm and 24.5±6.2 mmHg respectively.
There was no significant difference between the two
means. In fact, in eight of 10 patients with cirrhosis,
the difference between wedged hepatic vein pressure
and intrahepatic pressure was less than 3 mmHg and
a good positive correlation (r=0.85, p<0()1) was
observed between the two (Fig. 1). Although, in two
patients with cryptogenic cirrhosis, a difference of
more than 3 mmHg between the wedged hepatic vein
pressure and intrahepatic pressure measurement was
seen, the difference between the mean (±SD)
wedged hepatic vein pressure and intrahepatic
pressures in patients with the two types of cirrhosis
was not significant. In non-cirrhotic portal fibrosis
patients, the mean (±SD) wedged hepatic vein
pressure was 9-14±3-66 mmHg. In half of the
patients, the wedged hepatic vein pressure was 8 or
<8 mmHg. Wedged hepatic venous pressure was
significantly (p<0.05) lower than the intrahepatic
pressure (15.36±5'57) in non-cirrhotic portal fibrosis
patients (Fig. 2). In nearly two-thirds (64'3°/O) of
patients, the difference between the wedged hepatic
vein pressure and intrahepatic pressure measure-
ment was more than 3 mmHg and a poor correlation
(r=0.32) was found between the two (Fig. 1).

In patients with cirrhosis of liver, a highly signifi-
cant (p<0())1) correlation was seen between wedged
hepatic vein pressure and intrasplenic (r=0'96) and
intravariceal pressures (r=0(92) (Figs 3-5). Intra-
hepatic pressure also correlated significantly
(r=0(86, p<0.01l) with intravariceal pressure in
these patients. There was no difference between
patients with alcoholic cirrhosis and cryptogenic
cirrhosis. In patients with non-cirrhotic portal fibro-
sis, mean (±SD) wedged hepatic vein pressure and
intrahepatic pressures were significantly (p<0'1)
lower than the splenic and variceal pressures with a
very poor correlation between them (Figs 2, 3, 5).
Mean (±SD) intravariceal and intrasplenic

pressures in cirrhotics were 25 2±6'73 and 25(0±5+64
mmHg respectively and in non-cirrhotic portal fibro-
sis patients 23.96+5 58 and 24.5±4 23 mmHg
respectively. There were no significant differences
between the means. A highly significant correlation
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Fig. 1 Wedged hepatic venous pressure and intrahepatic
pressure in patients with cirrhosis ofliver and non-cirrhotic
portalfibrosis. A sign,ificant (p<0.OI ) positive correlation
was seen between the two in patients with cirrhosis.

between intravariceal and intrasplenic pressure was
observed in patients with cirrhosis (r=0(93, p<0(001)
as well as in non-cirrhotic portal fibrosis patients
(r=0(85, p<0.01) (Fig. 6). In eight of 10 patients
with cirrhosis and 12 of 14 (85.7%) patients with non-
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Fig. 2 Intrasplenic, intrahepatic (IHP) and wedged hepatic
venous pressures (WHVP) in patients with non-cirrhotic
portalfibrosis. The mean (+SD) gradient between
intrasplenic and itntrahepatic pressure was 8.89±6.48mmHg
and between intrasplenic and WHVP was 151±+5.86 mmlHg.
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Fig. 3 Wedged hepatic and intrasplenic pressures in patients
with cirrhosis and non-cirrhotic portalfibrosis. A highly
significant (p<O.OOJ) correlation (r=096) was seen between
the two in cirrhotics.

cirrhotic portal fibrosis, the differences between the
intravariceal and intrasplenic pressure measure-

ments were 3 or <3 mmHg.
The mean (±SD) pressure gradients between

intrasplenic and wedged hepatic vein pressure and
intrasplenic and intrahepatic pressures in non-

cirrhotic portal fibrosis patients were 15-1±5-86 and
8.89±6-48 mmHg respectively (Fig. 2). A gradient of
6 21±5 58 mmHg between intrahepatic and wedged
hepatic vein pressure was also observed in patients
with non-cirrhotic portal fibrosis.
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Fig. 5 Wedged hepatic and intravariceal pressures in
patients with cirrhosis and non-cirrhotic portalfibrosis. A
highly significant (p<OOOIJ) correlation was observed
between the two, in patients with cirrhosis.

Hepatic vein pressure gradient (determined by
substracting the free hepatic venous pressure from
wedged hepatic vein pressure) was 16-6±5 37 mmHg
in patients with cirrhosis and 418±2417 mmHg in
non-cirrhotic portal fibrosis patients.
There were no significant differences in the various

haemodynamic measurements between patients with
grade 2, 3, and 4 varices except that in patients with
grade 4 varices, intrasplenic and intravariceal
pressures were significantly higher than in patients
with grade 2 varices (Table).
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Fig. 6 Intiraspleniic and intravariceal pressures in patients
with cirrhosis and non, cirrhotic portalfibrosis. A highly
significanit (p<O.OO1) correlation was seen between the two in
cirrhosis as well as non-cirrhotic portalfibrosis patients.

Discussion

Techniques for measuring intrasplenic, wedged
hepatic, intrahepatic and portal vein pressures are
invasive and need lot of skill.'17-21 Mosimann has
recently shown the sensitivity and usefulness of a
non-invasive technique for intravariceal pressure
measurement using a pneumatic pressure sensor
device fitted to an endoscope.'4 Besides the non-
availability of this device, measurements with this
technique are likely to be affected by variation in
respiration, heart beat, oesophageal wall pressure
and compliance of the variceal wall tissue. The
possibility of the pressure sensor getting dislodged
from the varix during oesophageal peristalsis can also
alter the observations.4 The technique of direct
intravariceal pressure measurement described in the
present study, requires no special equipment. In fact,

Table Mean (+SD) pressures (in mmHg) in patients* with
different grades ofoesophageal varices

Grade of We(dged IiitralieepfaiO Itiiraspletic ltitravariceeal
la(ces lhepaiti pressire pressure pressure

r(et'0iiO
prexxssure

2 15-42+637 1571+856 21 64±2 78 19'71+3.68
3 16(00+11.37 19fi(X)+±583 24.42±5+56 23 71 ±562
4 1660±11 25 21 7±8+35 26.7±4-52t 2835±5 14t

*Includcs ,al 24 patients (both non-cirrhotic portal fibrosis and
cirrhosis) with portal hypertension; tPatients with gradc 4 varicecs
hatd significantly higher nican intrasplenic (p<.()05) and
intratvatriccal. (p<0( t) pressurcs compared with patients with grade
2 varices.

it can be carried out easily before doing routine
intravariceal sclerotherapy. A definite variceal
puncture and in turn, intravariceal pressure measure-
ment, is ensured using a transparent Teflon injector,
in which the blood can be seen to flow up immediately
on puncturing a varix. '

Intravariceal pressure was found to have a highly
significant (p<0001) correlation with wedged
hepatic, intrahepatic, and intrasplenic pressure in
patients with cirrhosis. While it is well known that in
cirrhotics, intrasplenic pressure correlates well with
wedged hepatic vein pressure and wedged hepatic
vein pressure correlates closely with intrahepatic
pressure,'"' the fact that intravariceal pressure can
reliably reflect the wedged hepatic vein pressure and
intrasplenic pressure, as seen by us, has not been
adequately documented in the past.
A linear (p<0.01) correlation was seen between

wedged hepatic vein pressure and intrahepatic
pressure in patients with cirrhosis of liver. No
significant difference was seen between patients with
alcoholic and posthepatitic or cryptogenic cirrhosis.
Reynolds et al had also reported no difference in
wedged hepatic vein pressure and portal vein
pressure in patients with alcoholic liver disease,
cryptogenic cirrhosis, and chronic active hepatitis.7
Others, however, believe that in non-alcoholic
cirrhosis, wedged hepatic vein pressure is lower than
intrahepatic pressure and it underestimates portal
pressure. 3

Non-cirrhotic portal fibrosis, sometimes called
idiopathic portal hypertension' and hepatoportal
sclerosis, is a relatively benign variety of portal
hypertension, of ill-understood aetiopathogenesis.
The precise anatomical location of the resistance to
flow of portal blood in patients with non-cirrhotic
portal fibrosis is not known. Two specific pathologi-
cal lesions observed in this disease include (i) occlu-
sive changes in the intrahepatic portal vein radicles,
which are focal in distribution,j2 and (ii) diffuse
collagenisation of the space of Disse.25 A few haemo-
dynamic studies done in the past in patients with
non-cirrhotic portal fibrosis have shown variable
results.' 11 27 Sama et al had reported a mean (±SD)
wedged hepatic vein pressure of 12.7±6 16 mmHg in
patients with non-cirrhotic portal fibrosis, which was
significantly (p<0001) higher than the controls.8
They found raised wedged hepatic vein pressure in 40
of their 44 (91%) patients. Williams et al have also
reported raised wedged hepatic vein pressure, though
in a smaller proportion (52%) of patients."' The
mean (±SD) wedged hepatic vein pressure of
9 14+3.66 mmHg detected in the present study, is
relatively lower than that reported in the earlier
studies. "' In half of our non-cirrhotic portal fibrosis
patients, wedged hepatic vein pressure was 8 or <8
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mmHg. The difference in the various studies could be
because of the wide variations seen in the distribution
and the extent of morphological changes occuring at
the two possible pathological sites of haemodynamic
block. While occlusive pyelephlebitic changes,5 also
known as obliterative portovenopathy,25 can explain
the presinusoidal resistance, the rise in wedged
hepatic vein pressure seems to result from changes5
occuring in the sinusoids, secondary to diminished
portal venous flow and compensatory increased
hepatic arterial flow.27

In the present series, the patients with non-
cirrhotic portal fibrosis had a significantly (p<0-01)
lower mean wedged hepatic vein pressure, compared
with the patients with cirrhosis of liver. This could be
due to the relatively milder perisinusoidal fibrosis
and compression seen in the non-cirrhotic portal
fibrosis patients.25 Okuda et al have also observed
that wedged hepatic vein pressure significantly
underestimates portal pressure in non-cirrhotic
portal fibrosis patients.5 A poor correlation was seen
between wedged hepatic, intrahepatic and intra-
splenic pressures in our patients with non-cirrhotic
portal fibrosis. Intravariceal pressure on the other
hand, was seen to bear an excellent linear relation-
ship with intrasplenic pressure.
A gradient between intrasplenic pressure and

wedged hepatic vein pressure in non-cirrhotic portal
fibrosis patients has been documented in the past.58
In our study, the gradient between intrasplenic
pressure and wedged hepatic vein pressure was
15 1±5-86 mmHg. Such a gradient could possibly
result from the combined effect of presinusoidal and
perisinusoidal resistance to flow of portal blood. In
fact, two independent gradients, one between intra-
splenic and intrahepatic pressure (8-8±6-48 mmHg)
and another between intrahepatic pressure and
wedged hepatic vein pressure (6.21±5.58 mmHg)
could be identified. While demonstration of the
former gradient clearly outlines haemodynamically
the presence of a presinusoidal block, the existance
of the later gradient reflects a perisinusoidal resist-
ance to flow of portal blood in patients with non-
cirrhotic portal fibrosis. On the basis of these two
gradients one can explain the poor correlation
between wedged hepatic, intrahepatic, and intra-
splenic pressures in patients with non-cirrhotic portal
fibrosis.
No correlation was found between the size of

oesophageal varices and wedged hepatic vein
pressure and intrahepatic pressure. Patients with
grade 4 varices, however, had significantly higher
intravariceal (p<001) and intrasplenic (p<005)
pressures than patients with grade 2 varices. There
was no difference in any of the pressures between
patients with grade 3 and grade 4 varices. Two recent

studies have not found any correlation between the
size of varices and the hepatic venous pressure
gradient.2S2
Our results clearly indicate that intravariceal

pressure correlates closely with intrasplenic pressure
in patients with cirrhosis of liver and in non-cirrhotic
portal fibrosis patients. In cirrhotics, variceal
pressure can also reliably reflect wedged hepatic vein
pressure and intrahepatic pressure. In patients with
non-cirrhotic portal fibrosis, however, both wedged
hepatic vein pressure and intrahepatic pressure
measure significantly lower pressures than intra-
splenic and intravariceal pressures. Direct intra-
variceal pressure measurement, besides being
simple, can be recommended as the single haemo-
dynamic investigation for assessing accurately portal
pressure in patients with non-cirrhotic portal fibrosis.

This study was partly financed by grants received
from the Indian Council of Medical Research. We
are grateful to Dr K R Sundaram, Department of
Biostatistics, All India Institute of Medical Sciences
for extending help with the analysis of the data.
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