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Abstract

Objective: To evaluate the effectiveness of adding atorvastatin to non-selective beta-blocker (NSBB) therapy to reduce
portal hypertension, as measured by the damping index, in patients with hepatitis C virus (HCV)-related liver cirrhosis
over a three-month period.

Methods: This randomized controlled trial was conducted over six months, from February 21, 2022 to August 20, 2022. A
total of 70 patients with HCV-related cirrhosis who met the inclusion criteria were enrolled and randomly assigned into
two equal groups (n = 35). Group A received carvedilol in combination with atorvastatin 20 mg once daily at night, while
Group B was treated with carvedilol alone. All participants were followed for a duration of three months. Portal
hypertension was assessed non-invasively using Doppler ultrasound, with measurements focused on portal vein diameter
(PVD) and hepatic vein damping index (DI) as surrogate markers of portal pressure.

Results: The mean age was 47 + 10.46 years in Group A and 49 + 9.91 years in Group B. Baseline PVD was 16 £+ 1.72 mm
in Group A and 16 + 1.99 mm in Group B. After three months, PVD decreased to 12 +2.17 mm in Group A and 14 +1.79
mm in Group B (p=0.000). The mean DI at baseline was 0.83 +0.12 in Group A and 0.85+0.13 in Group B, which
decreased to 0.50 £ 0.05 and 0.70 = 0.04, respectively (p = 0.047).

Conclusion: The addition of atorvastatin to NSBB therapy significantly reduced portal hypertension—as reflected by
both portal vein diameter and damping index—compared to NSBB alone in patients with HCV-induced cirrhosis.
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Introduction Statins have emerged as promising adjuncts in the

Portal hypertension (PHT) is a major contributor to the ~ Management of cirrhosis-associated PHT due to pleio-
progression of decompensated cirrhosis, resulting in ~ tropic effects, including enhancement of sinusoidal
life-threatening complications including ascites, variceal ~ €ndothelial function, increased nitric oxide (NO) bio-
bleeding and hepatic encephalopathy. Each episode of ~ availability, inhibition of Rho-kinase-mediated vaso-
variceal hemorrhage carries a mortality rate of approxi- ~ constriction, and antifibrotic propeﬁlesrachleved
mately 20-30%, with risk increasing in tandem with ~ Without inducing systemic hypotension.” However,
advancing Child-Pugh class "Non-selective B-bloc- recent meta-analyses of randomized controlled trials
kers (NSBBs), the cornerstone of medical therapy, (RCT.S) indicate that statins may not sign 1ﬁcant!y rgduce
effectively mitigate hyperdynamic splanchnic circula- hepatic venous pressure gradient (HVPG) which is the

4 .
tion but have limited impact on intrahepatic resistance. gold-standard marker of portal pressure.” Notwith-

. L . standing, observational studies consistently associate
Consequently, their efficacy diminishes in early stages . . . .
. : statin use with reduced rates of hepatic decompensation
ofportal hypertension, before the development of sig- SR . . . s
. . 2 and all-cause mortality in liver cirrhosis patients.
nificant portosystemic collateralization.

While HVPG remains the diagnostic benchmark, its
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invasive nature limits routine application, particularly
inresource-constrained settings. In contrast, the Doppler-
based hepatic vein damping index (DI)—with DI > 0.6
suggestive of severe PHT—provides a non-invasive
surrogate that demonstrates good correlation with HVPG.

Given the high burden of hepatitis C virus (HCV)-
related cirrhosis in Pakistan, estimated to affect nearly
5% of the population, and the limited availability of
invasive hemodynamic assessment tools, this study aims
to evaluate whether adjunctive atorvastatin therapy
can reduce portal hypertension—as measured by hepatic
vein DI—in patients with HCV-induced cirrhosis.

Methods

This randomized controlled trial was conducted at the
East Medical Ward, Mayo Hospital, Lahore, over a six-
month period from February 21, 2022, to August 20,
2022, following ethical approval. A total of 70 patients
with HCV-induced liver cirrhosis were enrolled through
non-convenience random sampling using the lottery
method and allocated equally into two groups (n=35
each). Sample size was calculated with a 95% confidence
level and 90% power, based on previously reported
means of portal vein diameter (13.44 £2.204 mm in
the statin group vs. 14.27 £2.209 mm in the control
group).

Adult patients aged 1870 years, diagnosed with cirr-
hosis clinically, radiologically, and biochemically, and
having evidence of portal hypertension (e.g., ascites,
splenomegaly, varices) were included. Only Child-
Pugh class A or B patients on the maximum tolerable
dose of carvedilol (6.25-25 mg/day, defined by HR
>55 bpm and systolic BP >90 mmHg) were eligible.
Exclusion criteria included pregnancy or lactation,
ischemic heart disease, recent variceal band ligation,
hepatocellular carcinoma, hepatic encephalopathy
grade 2—4, renal impairment (serum creatinine >1.5
mg/dL), contraindications to statins (including hyper-
sensitivity and elevated transaminases), vascular throm-
bosis, pre- or post-hepatic causes of portal hypertension,
history of surgical shunts or TIPS, and insulin-depen-
dent diabetes mellitus.

After obtaining informed consent, patients were rando-
mized into Group A (intervention: atorvastatin 20 mg at
night plus carvedilol) or Group B (control: carvedilol
only). Baseline investigations included complete blood
count, renal and liver function tests, INR, prothrombin
time, abdominal Doppler ultrasound, and upper GI
endoscopy; these were repeated at 3 months. Liver
function was monitored monthly in the statin group,
and any deterioration led to exclusion. The primary
endpoints were reduction in portal hypertension as
measured by hepatic vein Doppler damping index (DI),
portal vein diameter, and hepatic venous waveform
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pattern, with DI <0.6 considered significant. Secondary
endpoints included clinical improvements such as
change in variceal grade, absence of new variceal blee-
ding, resolution or improvement of ascites, and incidence
of spontaneous bacterial peritonitis.

All data were analyzed using SPSS version 24. Quanti-
tative variables (e.g., DI, portal vein diameter) were
expressed as mean + SD and compared using the inde-
pendent samples t-test. Qualitative variables (e.g.,
gender, waveform type) were presented as frequencies
and percentages, with a p-value <0.05 considered statis-
tically significant.

Results

A total of 70 patients were enrolled and randomized
equally into two groups (35 patients each). The mean
age of participants in Group A (atorvastatin + carvedilol)
was 47+ 10.46 years, while in Group B (carvedilol
alone) it was 49 +9.91 years. The overall gender distri-
bution included 40 males (57%) and 30 females (43%).

Mean Portal Vein Diameter at Baseline and 3 Months

Fortal Vein Diameter (mm)
@

Group A Group B

Figure 1. Portal Vein Diameter (PVD) at Baseline and
3 Months

Figure I shows the mean portal vein diameter at baseline
and at 3 months in both groups. At baseline, the mean
portal vein diameter (PVD) was similar in both groups:
16+ 1.72 mm in Group A and 16 + 1.99 mm in Group B.
After 3 months, the mean PVD significantly reduced
in Group Ato 12 +2.17 mm, compared to 14+ 1.79 mm
in Group B. This difference was statistically significant
(t=-3.897, p=0.001) (Table 1). The baseline mean
damping index (DI) of the hepatic vein waveform was
0.83+0.12in GroupA and 0.86 £ 0.13 in Group B. At
3 months, DI decreased significantly in Group A to
0.50£0.05, compared to 0.70 £+ 0.04 in Group B (t=
—2.023,p=0.047) (Tables 2 & 3). The hepatic venous
waveform pattern at baseline was predominantly
monophasic in both groups: 60% in Group Aand 57.1%
in Group B. After 3 months, waveform improved to
triphasic in 65.8% of patients in Group A versus 48.6%
in Group B (Figure II); however, the difference was
not statistically significant (p =0.294) .
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Table 1: Independent t-Test: Mean Portal Vein
Diameter at 3 Months

Group  Mean+ SD (mm) t-value p-value
A 12+2.17 -3.897 0.001
B 14 +£1.79

Table 2: Damping Index (DI) at Baseline and
3 Months

Time Point Group N DI +SD
Baseline A 35 0.83+0.12
B 35 0.86+0.13
3 Months A 35 0.50 +0.05
B 35 0.70 £ 0.04

Table 3: Independent t-Test: Damping Index at
3 Months

Group DI+ SD t-value p-value
A 0.50 +0.05 -2.023 0.047
B 0.70 £ 0.04

Hepatic Venous Waveform Pattern at 3 Months

1 l

Triphasie Biphasic Monophasie

Figure I1. Hepatic Venous Waveform Pattern at 3
Months

Table 4: Clinical Outcomes at 3 Months (N = 35
in each group)

Group
Outcome A B .
value
n (%) n (%)

Improvement in 22 (62.9) 16 (45.7) 0.150
variceal grade

New variceal bleed 4 (11.4) 7 (20) 0.324
Resolving ascites 25(71.4) 24 (68.6) 0.794
Worsening ascites 10 (28.6) 11 (31.4)

SBP occurrence 3 (8.6) 5(14.3) 0.452

Improvement in variceal grade was observed in 62.9%
of patients in Group A and 45.7% in Group B, a difference
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that did not reach statistical significance (p =0.150).
New variceal bleeding episodes occurred in 11.4% of
Group A and 20% of Group B (p=0.324). Ascites
resolved in 71.4% of patients in Group A and in 68.6%
in Group B. Worsening ascites occurred in 28.6% and
31.4%, respectively, with no significant difference
(p=0.794). Spontaneous bacterial peritonitis (SBP)
occurred in 3 patients (8.6%) in Group A and 5 patients
(14.3%) in Group B (p =0.452) (Table 4).

Discussion

This randomized controlled trial demonstrated that
adjunctive atorvastatin significantly improved portal
hemodynamics in patients with HCV-related cirrhosis.
Specifically, the atorvastatin group exhibited a greater
reduction in mean portal vein diameter (PVD) and
hepatic vein damping index (DI), compared to carvedilol
monotherapy. However, these hemodynamic improve-
ments did not translate into statistically significant
differences in clinical outcomes, such as variceal grade
regression, variceal bleeding, ascites, or spontaneous
bacterial peritonitis during the 3-month follow-up.

Non-selective f-blockers (NSBBs), such as carvedilol
and propranolol, remain the cornerstone of portal hyper-
tension (PHT) management. However, less than 50% of
patients achieve a meaningful hemodynamic response,
and approximately 30% are either intolerant or have
contraindications to their use.”” Therefore, interest has
grown in therapies that target intrahepatic resistance
without adversely affecting systemic circulation. Statins,
particularly HMG-CoA reductase inhibitors such as
simvastatin and atorvastatin, have shown promise due
to pleiotropic actions including upregulation of endo-
thelial nitric oxide synthase (eNOS), improved sinu-
soidal endothelial function, Rho-kinase inhibition, and
antifibrotic effects.””’

In our study, a statistically significant improvement in
hepatic vein DI (to <0.6) and reduction in PVD support
the hypothesis that statins ameliorate intrahepatic
vascular tone and portal flow. These findings are con-
sistent with prior trials demonstrating that statins improve
hepatic vascular resistance. For example, the addition
of simvastatin to NSBB therapy resulted in a signifi-
cantly greater hepatic venous pressure gradient (HVPG)
reduction than NSBBs alone in patients with cirrhosis
(meanreduction: 4.81 +£2.82vs.2.58 £ 1.88 mmHg; p
=0.041).""" Hussein et al. similarly reported superior
HVPG reduction when atorvastatin was combined with
propranolol”. Abraldes et al. also confirmed enhanced
hepatic perfusion and synthetic function with simvastatin,
without significant systemic hypotension.”

Unlike these studies, which used the invasive HVPG
technique, our trial utilized Doppler ultrasound-derived
DI and PVD as non-invasive surrogates for portal
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pressure. While HVPG remains the gold standard,
emerging data support the validity of DI, particularly
in resource-limited settings where HVPG measurement
is not feasible'“"*. The significant PVD reduction after
3 months of atorvastatin therapy contrasts with earlier
studies—such as Elwan et al.—that found no measurable
PVD change after 1 month, suggesting that vascular
remodeling may require longer durations to become
apparent.16

Despite favorable hemodynamic effects, clinical out-
comes remained statistically indistinguishable between
the groups. This observation is in line with prior research
indicating that reductions in portal pressure precede
measurable changes in clinical decompensation events.™
Moreover, a recent meta-analysis confirmed moderate
HVPG reductions with statin therapy, with pooled
relative risks of 2.20 for simvastatin and 1.82 for ator-
vastatin, but highlighted variability in translating these
effects to clinical endpoints.”

Our study adds to the evidence supporting the use of
statins in cirrhosis. Retrospective cohort studies have
reported associations between statin use and reduced
risks of hepatic decompensation, hepatocellular carci-
noma, and liver-related mortality.m’21 Furthermore,
long-term statin use has been shown to reduce portal
pressure, lower systemic inflammation, and improve
transplant-free survival in compensated cirrhosis.”*

Nevertheless, there are some limitations that must be
acknowledged. First, the study had a relatively small
sample size and this was conducted at a single center,
limiting the external validity of the findings. Second,
the study population was restricted to patients with
HCV-induced cirrhosis, and results may not be generaliz-
able to other etiologies such as NASH or alcoholic liver
disease. Third, although non-invasive measures like
DI and PVD correlate with portal hypertension, they
lack the precision of HVPG and may be operator-depen-
dent. However, in low-resource settings, these surrogates
remain clinically valuable, especially when validated
through robust methodology."*"**

Conclusion

Atorvastatin as an adjunct to carvedilol significantly
improved portal hemodynamics as assessed by damping
index and portal vein diameter. While short-term clinical
outcomes were unaffected, these findings support the
use of statins as promising agents in the management
of portal hypertension. Further large-scale, multicenter
trials with longer follow-up and diverse patient popu-
lations are warranted to validate these results and assess
long-term clinical benefits.
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