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INTRODUCTION

Portal hypertension is a common sequel of chronic liver
disease and portal pressure elevations closely parallel
development of complications, like variceal bleeding.
Hence, portal pressure measurements are vital not only
to pre-empt these serious outcomes but also to study
the effect of any pressure lowering treatment that is
instituted.1,2

The gold standard method of determining portal pressure
involves accessing the hepatic vein through a femoral
catheter and measuring the wedged and free pressures.
The difference of these two pressures is called the
hepatic vein pressure gradient (HVPG), which is closely
related to the development of complications of portal
hypertension. The elevation of HVPG from a normal of
1-3 mmHg to > 12 is associated with development of

ascites and greater chances of variceal rupture.1 Severe
portal hypertension (PH) is usually defined as an HVPG
> 15 mmHg.3

Conventionally, the non-selective α-/β-blocker, propranolol
has been used to lower portal pressure and to avoid
variceal rupture and consequent hematemesis.4 However,
two thirds of cirrhotic patients may not respond to
propranolol.4

Carvedilol is a newer non-selective β-antagonist which
also possesses α1-antagonist receptor properties, is
currently a mainstay in the treatment of heart failure and
hypertension. It is 2-4 times powerful as compared to
propranolol in its β-blocking properties.5

Color flow Doppler ultrasound is an alternate device to
assess the portal pressure by waveform and damping
index in the right hepatic vein.

The hepatic vein shows a triphasic waveform in normal
individuals on Doppler ultrasound which is a variation of
central venous pressure (CVP) of the cardiac cycle. The
triphasic wave has two negative and one positive
deflection as compared to the CVP, which has three
positive and two negative waves.6,7

The maximum velocity and minimum velocity of
downward hepatic vein flow at right hepatic vein are
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measured in longitudinal scanning planes and damping
index (DI) is calculated by determining minimum
velocity/maximum velocity of downward hepatic flow.7

The hepatic vein flow dynamics are altered in various
physiological and pathological conditions. Normal
variations occur due to changes in the intra-thoracic and
intra-abdominal pressures. Right-sided heart failure as a
result of tricuspid insufficiency, cor-pulmonale or rhythm
disturbances may show as abnormal wave forms.7

Cirrhosis of the liver results in loss of compliance in
hepatic veins and leads to portal hypertension and
may reflect as biphasic or monophasic waves which
are essentially abnormal and indicate moderate to
severe portal hypertension respectively (HVPG 12-15
mmHg).6,9,10 The cause of changes in Doppler waveform
may be due to the thin hepatic vein wall, which is
surrounded by liver parenchyma and its compliance can
be affected by increased portal pressure as a result of
fibrosis (cirrhosis). Other causes include fatty infiltration,6
portal vein and splenic vein thrombosis and space
occupying lesion in and around the hepatic vein.

The object of this study was to assess the effect of
Carvedilol in reducing portal pressure evaluated non-
invasively the rough Doppler ultrasound of hepatic vein
waveform and damping index (DI).

METHODOLOGY

This quasi-experimental study was conducted by the
Department of Medical ICU, JPMC in collaboration with
The Department of Radiology and Imaging JPMC, over
a period of 6 months i.e. 1st June 2008 to 30th
November 2008. Patients with clinical signs of cirrhosis
and portal hypertension were entered into the study
after a written consent. Due permission was obtained
from the Ethics Committee of the Hospital to conduct
this study. Patients with history of bronchial asthma,
Insulin dependent Diabetes mellitus (IDDM), congestive
heart failure (CHF), hepato-renal syndrome (HRS),
pregnant females and those with portal vein thrombosis
were excluded from the study. Patients who had a recent
history of hematemesis, were hemodynamically stabilized
before inducting into the study. Investigations including
blood picture, liver function tests (LFT’s), serum
electrolytes, PT/INR and urinalysis were performed. All
patients underwent an abdominal US and an upper GI
endoscopy. Doppler ultrasounds of all patients were
performed. The right hepatic vein was the main focus.
The damping index was also calculated by dividing the
minimum by maximum flow-velocities of downward HV
flow at the right hepatic vein in longitudinal scanning
planes (Figures 1 and 2).

Doppler ultrasound was conducted after 8 hours fasting
on patients by an expert sonologist using a VOLUSION
730 PRO-V, Kretz Austria Doppler machine with a 3.5
MHz convex probe. All recordings were done in supine

position with probe in the right intercostal spaces in
longitudinal axis, patient holding his/her breath in end
expiration for at least 5 seconds. The sample volume
was 4-5 mm with an angle of < 55o. The right hepatic
vein was identified at a distance of 3-5 cms from the
junction of hepatic vein with inferior vena cava and
waveforms were obtained. These waveforms were
classified as monophasic (flat – without flutter),
monophasic to biphasic (flat and with flutter), biphasic
(no reversed flow, decreased phasic oscillation),
biphasic to triphasic (normal phasic oscillations yet no
flow reversal) and triphasic (reversed flow in at least one
phase).7-9 After the initial baseline Doppler examination,
patients were given Carvedilol 6.25 mg orally once daily
for 3 days. This dose was increased to 12.5 mg once
daily from the 4th day onwards till the end of 4 weeks.
Patients were admitted during the first 3 days and
closely observed for any side effects like bronchospasm
or hypotension. They were discharged home and a
week’s supply of Carvedilol tablets was provided to each
patient. The patients were then reviewed weekly in the
out-patients department and their supply of tablets was
checked to assess patient compliance. Those who
showed non-compliance were dropped from the trial. At
the end of 4 weeks, re-assessment by color flow Doppler
was performed to see any change in wave form and the
damping index was again calculated. Responders were
described as those patients who showed a positive
change in wave forms or a decrease of 0.10 or more in
DI. Non-responders were those who showed no
changes either in wave forms or an increase in the DI. 

The data was analyzed on SPSS 12.0 version. The
damping indices of each patient before and after
administration of Carvedilol were evaluated and
compared by a Paired t-test. Doppler ultrasound wave
forms before and after treatment with Carvedilol were
compared by Wilcoxon Signed Ranks Test. A p-value of
0.05 or less was considered as statistically significant.

RESULTS

Out of 65 patients entering the study including 51 males
and 14 females with ages ranging from 23-70 years,
(mean 47.4 years) 47 completed the 4 weeks trial, 33 of
whom were males and 14 females, (78.5% vs. 21.5%).
All of them had varying degrees of cirrhosis and portal
hypertension and were stratified into class A (23 patients),
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Figure 1: Monophasic waveform –
before Carvedilol.

Figure 2: Triphasic waveform –
after Carvedilol.

 



class B (16 patients) and class C (8 patients) according
to the Child-Pugh scoring system. The number of HCV
+ve patients was 32 (68.1%), HBV +ve 6 patients
(12.7%) and HCV/HBV co-infected patients were 2
(4.25%). Six patients (12.7%) did not have seropositivity
for HCV, HBV /HDV and were classified as having
cryptogenic cirrhosis. 

Nine patients were lost to follow-up and non-compliance
to treatment, while 4 patients were excluded due to side-
effects of bronchospasm and hypotension.  Five patients
(all males) died during the study (2 due to recurrence of
bleeding from esophageal varices and hepato-renal
syndrome occuring in 3 patients). 

Six patients out of the 47 participating in the study
developed minor side effects. Three of them developed
nausea and vomiting which were managed in the ward;
2 suffered from loss of libido and one developed
shortness of breath who were managed in the follow-up
clinic.

The mean damping index, before Carvedilol was
0.62±0.22, and after Carvedilol was 0.49±0.21 (95% CI
0.05-0.21, t=2.9304, p=0.0043. Similarly, the mean rank
of the wave form analysis after Carvedilol versus
waveform before Carvedilol was 15.7 and 12.98
respectively (p=0.01) which was statistically significant
as well (Table I).

On assessment of DUS waveform as per classification
described earlier, improvement after 4 weeks on
carvedilol was seen in 25 (53%) patients (Table II), no
change in16 (34%) while 6 (12%) suffered deterioration
(Table II). Calculation by DI revealed improvement in 30
(63%) patients, no change in 10 (21%) and deterioration
in 7 (14%) as depicted in Table II.

DISCUSSION

The standard method of determining the portal pressure
involves insertion of a Swanz-Ganz catheter in the
hepatic vein via the femoral vein and measuring the free

and wedged pressures. The hepatic vein pressure
gradient (HVPG) is calculated by subtracting the free
pressure from the wedged pressure. The normal HVPG
is 3-6 mmHg in healthy individuals.2,9 Gastric and
esophageal varices are formed when HVPG exceeds
10-12 mmHg. There is compelling evidence that
lowering HVPG to below 12 mmHg or decreasing the
pressure by 20% of baseline values results in decreased
frequency of hematemesis due to variceal hemorrhage.
However, this being an invasive procedure, is not well
tolerated by patients and repeated measurements of
HVPG cannot be performed without discomfort and risk
to the patients.

Doppler ultrasound is a non-invasive alternate tool for
assessing portal pressure used by other investigators
before. In a Korean study conducted in 2006 the
waveform in right hepatic vein on Doppler ultrasound
before and after administration of terlipressin
intravenously was seen.6 There was positive correlation
between waveform and hepatic vein pressure gradient
(HVPG). A normal person showed triphasic waveform of
hepatic vein (HV) and in a cirrhotic patient monophasic
or biphasic waveform of HV was seen.9,10 When HVPG
increased the waveform became flat. Monophasic
waveform in HV was associated with severe portal
hypertension HVPG > 15 mmHg with relatively high
sensitivity and specificity.6 This is a qualitative analysis
of HV waveform but this method has limitations in
evaluating response to drug therapy. This study was
modified by the same investigators to assess damping
index (DI) of waveforms which gave quantification of the
extent of the abnormal HV waveform (loss of pulsatility)
and correlation between DI and HVPG was evaluated
and change was induced by intake of the drug
propranolol for 3 months.7,11

International studies have employed various drugs to
reduce portal pressure. These include β-blockers e.g.
propranolol.12 Later other drugs such as mononitrates,
octreotide, terlipressin, captopril and more recently non-
selective α and β-blocking drug like carvedilol have been
used to avoid complications of portal hypertension.2

Generally, Carvedilol studies have either been single-
dose or multi-dose trials to evaluate its efficacy. In one
single-dose study employing a dose of 25 mg of
Carvedilol, one hour after administration, the reduction
in HVPG was 10% or more in 81% of patients.14 A
subsequent study on 10 patients reported HVPG
reductions of more than 20% in 50% of the studied
patients.15,16 In most of the trials comparing efficacy of
Carvedilol vis-à-vis propranolol, results have been in
favour of Carvedilol.

Multi-dose studies usually have been extensions of
single-dose studies. In one study 10 patients who
completed 12.5-25 mg of Carvedilol daily, at the end of
4 weeks period had a mean HVPG reduction of 16%
from the baseline.17
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Table I: Change in damping index and DUS waveform before and
after Carvedilol in liver cirrhosis patients.

Damping Index n Mean+SD Mean pair 95% CI of p-value
difference the difference

Before Carvedilol 47 0.62+0.22 0.13+0.26 0.05 - 0.21 t= 2.9304
After Carvedilol 47 0.49+0.21 p=0.0043
Waveform Ranks N Mean rank Sum of ranks p-value
Wavefrom after Negative 5 a 15.7 78.5 Z= 2.61
Carvedilol vs. ranks
Waveform before Positive 21 b 12.98 272.50 p=0.01
Carvedilol ranks

Ties 21 c Wilcoxon rank test
Total 47

a   Wavefrom after Carvedilol < Waveform before Carvedilol.
b   Wavefrom after Carvedilol > Waveform before Carvedilol.
c   Wavefrom after Carvedilol = Waveform before Carvedilol.

Table II: Comparative analysis of waveform vs. DI.
Parameter Improvement Deterioration No change
Waveform 25 (53%) 06 (12.7%) 16 (34%)
Damping index 30 (63.8%) 7 (14%) 10 (21.2%)



Another multiple-dose study involved 51 patients with
cirrhosis and esophageal varices; all had baseline
HVPG values greater than 12 mmHg. HVPG reduction
was 20% or to less than 12 mmHg in 58% of Carvedilol
treated patients versus 23% of propranolol treated
patients (p < 0.05).18 This study showed a reduction in
portal pressure in 63.8% patients taking Carvedilol.

Since, this study was based on non-invasive and indirect
measurement, larger trials to assess the efficacy of
the medicine as well as the measurement tool are
warranted.

CONCLUSION

Carvedilol is safe and effective in reducing portal
pressure of cirrhotic patients, as measured by the
damping index of hepatic waveform by Doppler ultra-
sonography.
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