
Introduction
Decompensated liver cirrhosis, final or end-stage liver

disease, is characterised by the presence of either one or

more of ascites, hepatorenal syndrome, variceal

haemorrhage and hepatic encephalopathy.1-3

Portal hypertension, important precursor of variceal

haemorrhage, is caused by deficient intra-hepatic

vasodilator nitric oxide, increased intra-hepatic

vasoconstrictors like endothelin, angiotensin, nor-

epinephrine and cysteinyl-leukotrienes, as well as by

intra-hepatic fibrosis, a well-known and most important

feature of cirrhosis.4-7 Portal hypertension and drugs

lowering the portal hypertension have been the focus of

interest for a number of decades, as portal hypertension

leads to life-threatening variceal bleed. To measure

pressure in the portal vein is very difficult technically as

portal vein, after receiving blood from the stomach and

gut capillaries, in liver divides again and again into

smaller and smaller vessels to supply the hepatocytes.8

Hepatic vein (HV), its free pressure and pressure while

catheter is in wedged position, have also been studied

to assess the severity of portal hypertension in

decompensated cirrhosis.9

It has been shown that Hepatic Vein Pressure Gradient

(HVPG), which is calculated after subtracting free hepatic

venous pressure from the wedged hepatic venous

pressure, is a good indicator of portal hypertension. HVPG

calculating formula is as follows:10-12

HVPG= Wedged hepatic venous pressure - Free hepatic

venous pressure.

An HVPG more than 15 mmHg is defined as severe

hypertension.11-13 Continuing studies on hepatic vein

led to focus on doppler hepatic vein waveform and

then on comparison of doppler waveform of hepatic

vein and HVPG14-18 This comparison showed that HVPG

is closely related to doppler hepatic vein waveform

which are labelled classically as 'triphasic', 'biphasic'

and 'monophasic'.19 'Triphasic' waveform of hepatic

vein is seen in normal subjects with normal liver,

normal heart and normal portal vein pressure.19-21 With

increasing portal hypertension, HV waveform is

described to change to 'biphasic' and then to

'monophasic' waveform.21-23 Comparison of HVPG and

doppler waveform of HV has shown that shift in

doppler waveform of hepatic vein from normal and

increase in HVPG is closely related.12 Changes in

waveform from 'monophasic' to 'biphasic'/'triphasic' or
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from 'biphasic' to 'triphasic' after administration of

certain vasoactive drugs (portal pressure lowering

drugs) have been found to be closely and reliably

associated with decrease in HVPG.11,12,22 This

observation is very important for studying the effects

of certain portal pressure lowering drugs because

invasive methods e.g. HVPG may be replaced by the

non-invasive doppler waveforms studies before and

after the administration of the drugs. In one study12

change of waveform from 'monophasic' to 'biphasic' ,

from 'monophasic' to ' triphasic' and from 'biphasic' to

'triphasic' correlated with decrease in HVPG 3-10 mm of

Hg (mean 5.8), 5-9 (mean 7) and 5-9 (mean 7) mm of Hg

respectively. The change observed with waveform

change was always 3 or more than 3mmHg.

The knowledge obtained from similar studies has been

used for planning of this study.12,22 The objective of this

study was to observe doppler waveform of hepatic vein

before and after the administration of injection

terlipressin 2mg and thus to observe indirectly, by change

in waveform, its efficacy to reduce the HVPG and portal

hypertension. It also tried to assess the non-invasive

doppler waveform investigation as a monitoring tool for

changes in portal pressure.

Patients and Methods
The quasi-experimental study was carried out after

approval by Ethical Committee of Jinnah Postgraduate

Medical Centre (JPMC) from April 1 to November 25, 2011

when the required number of 50 cases was achieved.

Written informed consent was taken from all the patients

who were selected from among those attending Out-

patient Department of Medical Unit-IV, patients admitted

to the unit and to the Medical intensive care unit (ICU) of

JPMC.

Diagnosis of liver cirrhosis was established by clinical

examination, lab data, imaging studies, including

ultrasonography, computed tomography scanning, ascitic

fluid examination and upper gastrointestinal (GI)

Endoscopy. Patients who did not provide informed

consent or had hepatocellular carcinoma, hepatic

encephalopathy, severe liver failure (serum bilirubin

>5mg/dl {>85µm/l}), thrombus in the hepatic/portal vein

or inferior vena cava, congestive cardiac failure or any

other cardiac disease causing dilated inferior vena cava

were excluded from the study. Patients having 'triphasic'

waveform on initial Doppler waveform study and patients

unstable haemodynalmically were also excluded. No

patient had been taking any drug that affects

haemodynamics for the preceding 10 days. 

Patients were selected and their doppler waveform study

was done by an experienced radiologist. The GE Model

Volusion ultrasound machine was used. Convex probe

was placed intercostally at 190Hz.

Initially, the hepatic vein was focused, then doppler shift

signals were obtained from the right hepatic vein at a

distance of 3-4cm from the junction of the hepatic vein

and inferior vena cava.

HV doppler waveforms were observed for 20 minutes

before the injection, and the whole process of

observing and recording doppler waveforms was

repeated for 20 minutes after intravenous bolus

injection of 2mg of terlipressin (Novapressin TM).

Waveforms were recorded and tracings with best

waveform during the two observation periods i.e.

before and after the injection as described were saved

for analysis. Each tracing was recorded for 5-6 seconds

with end expiration breath holding. These tracings

recorded were labelled as 'monophasic' to 'triphasic'

waveforms. While labelling doppler waveforms

intermediate classes like 'mono-to-biphasic' and 'bi-to-

triphasic' waveform were also used in addition to classic

'triphasic' . 'biphasic' and 'monophasic' waveforms.

These waveforms were defined as: 'Monophasic': Flat

line or wavy (with no phasic change in amplitude of

wave); 'Mono-to-biphasic': Wavy with phasic change in

amplitude but change not regular; 'Biphasic': Regular

phasic change in amplitude of waves, but no reversal of

flow (i.e. no 3rd phase); 'Bi-to-triphasic': Regular

biphasic oscillation with slight and irregular flow

reversal wave; and 'Triphasic': Regular phasic oscillation

with flow reversal wave.

Study continued till the 50 patients were observed for the

effects of single dose of terlipressin. Age group and

gender of the patients were analysed statistically. Mean

age and standard deviation were determined.

Determining the category of waveform out of these five

'monophasic' to 'triphasic' categories was done by two

radiologists. These categories were quantified by

assigning 1 to 'monophasic'; 2 to 'mono-to-biphasic'; 3 to

'biphasic'; 4 to 'bi-to-triphasic'; and 5 to 'triphasic'

waveform. The quantified change after injection

terlipressin 2mg was calculated by subtracting the

number of later waveform from the number of initial

waveform. For instance, if after injection terlipressin, the

waveform was found to be changed from 'mono-to-

biphasic' (assigned number 2) to 'triphasic' (assigned

number 5), the change was determined as 5 - 2 i.e. 3. This

change was then defined as 'mild' if result of subtraction

was 1; 'significant' for result of 2; 'marked' change for a

subtraction result of 3; and 'gross' change for a

subtraction result of 4. 
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Statistical analysis was performed on SPSS 10, while 'p' value

was determined by applying Wilcoxon matched pair test. 

Results
Of the 50 patients enrolled, 36 (72%) were males and 14

(28%) were females. Maximum number (n=17; 34%)

belonged to the age group 40-49 years followed by 10

(20%) in age groups of 50-59 and 60-69 years each. The

mean age was 44.66±13.34 years.

Direction of blood flow in the portal vein was observed. It

was hepatopetal in 46 (92%) and hepatofugal in 4(8%)

patients. Mean blood velocity in the hepatic vein was

27.17±9.55cm/sec. After injection terlipressin, hepatic

vein velocity increased in 36 (72%) patients and

decreased in 14 (28%).

Regarding initial doppler waveform of the hepatic vein,

commonest was 'monophasic' pattern i.e. in 38 (76 %).

Patients having 'triphasic' doppler waveform were

excluded from the study , as no improvement in waveform

was possible after the adminstration of terlipressin (Table-

1). Quantified change in wave-form after the injection was

calculated. No change was observed in 14 (28%) cases,

while in 36(72%) waveform improved and improvement

ranged from 'mild' to 'gross' (Table-2).

Discussion
To decrease pressure in the portal vein is the basic aim to

prevent or stop variceal bleeding in patients of liver

cirrhosis. Improvement in doppler waveform like

lowering of HVPG, is an important detector of change in

portal pressure. A study looked into doppler waveforms

before and after the administration of 2mg of

Terlipressin.12 Out of 12 patients having 'monophasic'

waveform before the administration of terlipressin, 9

(75%) patients had their doppler waveforms turned to

'biphasic'. In the other 3 (25%) patients, the waveform

improved even more and turned to 'triphasic'. Among the

8 patients having 'biphasic' waveform, 6 (75%) patients

had it improved to 'triphasic', and in 2 (25%) the

waveform remained unchanged. In that study12

terminology of intermediate forms i.e. 'mono-to-

biphasic' or 'bi-to-triphasic', was not used. However, to

compare this similar but not identical study12 with our

effort (Table-3), we quantified the results in a method

similar to how we went about it.

In our study waveforms were labelled more precisely

using 'mono-to-biphasic' and 'bi-to-triphasic' in
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Table-1: Doppler Waveform of Hepatic vein before and after the administration of injection terlipressin.

Before After

Waveform Number of Patients percentage Number of Patients percentage 

'Monophasic' 38 76 % 12 24%

'Mono-to-biphasic' 6 12% 10 20%

'Biphasic' 4 8% 6 12%

'Bi-to -triphasic' 2 4% 8 16%

'Triphasic' Not included in study 14 28%

Table-2: Change in different types of waveform after administration of injection terlipressin.

Before After Administration of Injection Terlipressin

Initial Waveform 'Monophasic' 'Mono-to- Biphasic' 'Biphasic' 'Bi-to-tri phasic' 'Triphasic'

N (% of total) N (% of initial waveform) N(%of initial waveform) N (% of initial waveform) N(%of initial waveform) N(%of initial waveform)

Monophasic' 38(76%) 12/38(32%) 8/38 (21%) 4/38 (10%) 6/38 (16%) 8/38 (21%)

Mono to Biphasic 6(12%) 2/6(33%) 2/6(33%) 2/6(33%)

Biphasic 4(8%) 2/4(50%) 2/4(50%)

Bi to tri phasic 2(4%) 2/2(100%)

Total 50(100%) 12(24%) 10(20%) 6(12%) 8(16%) 14(28%)

Table-3: Comparison with study literature.

Our study N(%) Literature12 N(%)

Total patients n(%) 50(100%) 21(100%)

Gross change 8(16%) 3(14%)

Significant + marked change 14(28%) 15(71%)

Significant to gross change 22(44%) 18(85%)

Mild change 14(28%) —

Total showing change 36 (72%) 18(85%)

No change 14(28%) 3(14%)



addition to 'monophasic' , 'biphasic' and 'triphasic'.

Furthermore , we did not include patients with initial

'triphasic' waveform as was done in that study,12 as no

improvement in waveform was expected. Percentage

of cases of improvement in waveform were lower in our

study than those of the other.12 As improvement in

doppler waveform is an indicator of decrease in HVPG ,

it shows, like decrease in HVPG, a decrease in portal

hypertension. This decrease in HVPG was also shown by

a study24 in which significant decrease in HVPG was

observed along with decrease in portal venous blood

flow after the injection. In our study, portal vein blood

velocity decreased in 30 (60%) cases and increased in

20 (40%).

Importance of observation of positive changes in the

hepatic vein waveforms as seen by doppler ultrasound

lies in the fact that it is non-invasively observed; cost per

patient observation is negligible compared to invasive

HVPG measurement; procedure can be repeated easily;

and effects of multiple drugs may be observed at

appropriate intervals.

Abnormalities of waveforms of the hepatic vein have

not been easy to explain.12 Change of hepatic vein

compliance in cirrhosis had been suggested as

explanation of abnormal hepatic vein doppler

waveform. But terlipressin-induced changes in

waveform suggest that a haemodynamic effect of high

portal pressure rather than a fixed structural

abnormality is the pathogenic mechanism responsible

for the abnormal waveforms.12 Structural changes in

liver parenchyma leading to fibrosis and obstruction

to portal flow passing through the liver is widely

accepted mechanism leading to portal hypertension

and gastroesophageal varices.1,2 But, as expected, this

should lead to decrease in the hepatic blood flow as

considerable quantity of portal blood is going towards

other systemic veins via portosystemic anastomosis

instead of hepatic veins.2 Terlipressin, a synthetic

analogue of vasopressin (a vasoconstrictor agent), is

said to cause vasoconstriction of splanchnic arteries.24

This vasoconstriction results in reduced venous

drainage from stomach and intestine, thus reducing

portal venous flow and portal vein pressure within

minutes.24 By reducing portal blood flow through liver,

terlipressin reduces the already reduced hepatic vein

blood flow. Doppler waveform of hepatic vein in

cirrhosis turns abnormal in which major change is

reduction of blood flow through hepatic vein due to

fibrotic changes affecting both portal and hepatic

artery blood supply. It is difficult to answer why the

further reduction of blood flow by the vasoconstrictor

drugs like terlipressin shifts the waveform towards

normal. These questions require more insight into the

issue. One explanation given in literature is that "high

portal pressure probably contributing to the flattening

of the normal 'triphasic' hepatic waveform

haemodynamically blunting the effect of variation in

central venous pressure during cardiac cycle."12 But

keeping the anatomy8 in mind, question arises, how

the high pressure in the portal vein , which is

maximum near porta hepatis and would have lowered

down due to fibrotic obstructions before and after

sinusoidal capillaries, may assert its effects on

anatomically and functionally distantly located

hepatic veins which are directly draining into the

inferior vena cava?

Conclusion
In liver cirrhosis, doppler waveform abnormalities of

the hepatic vein were seen. After the administration

of injection of vasoactive agent, terlipressin, most of

the cases showed improvement in waveform. As

these improvements showed decrease in HVPG and

portal pressure, non-invasive doppler waveform

studies, in future, are expected to be an important

tool for assessing and monitoring the effects of

portal pressure lowering drugs. However, to

understand how does waveform improve in

anatomically and functionally distantly located

hepatic veins, more research on portal and hepatic

vein flow patterns is required.
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