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Abstract
Background: Liver cirrhosis (LC) is the most common cause of portal hypertension. In chronic hepatitis C patients
who are treated with direct-acting antiviral therapy (DAAS), the progression of cirrhosis can be reversed with treatment. Portal hypertension is also expected to improve with a virological response.
Aim: To evaluate the effect of direct-acting antiviral therapy on portal circulation hemodynamics in cirrhotic patients
infected with HCV.
Methods: This study included 78 consecutive patients with chronic HCV-related liver disease. They were treated by
a sofosbuvir-based regimen in combination with daclatasavir. All patients were subjected to routine investigations
(complete blood count, liver and renal function tests), hepatitis B surface antigen, α feto protein, PCR of HCV RNA,
imaging (abdominal ultrasound and colored Doppler and duplex examination for the assessment portal hypertension) before starting treatment and after 1 year.
Results: There was a significant improvement in Doppler parameters such as portal vein (PV) diameter, PV velocity,
PV cross-sectional area, portal congestive index, splenic vein diameter, and spleen span; the decrease in portal pressure occur in about 55% of the patients; several factors are associated with non-response as a history of bilharziasis,
patients from a rural area, presence of splenomegaly and varices, low HB level, low platelet count, and high level of
fibrosis.
Conclusion: Sustained virological response to direct-acting antiviral therapy is associated with a reduction in portal
pressure in patients with liver cirrhosis and clinically significant portal hypertension.
Keywords: Chronic HCV, Liver cirrhosis, Direct antiviral agents (DAAS), Portal hypertension, Doppler and duplex
examination
Introduction
There are a lot of reviews published on the prevalence
of hepatitis C virus (HCV) all over the world. It is estimated that 13–14% of all HCV infections are genotype4
(G4) [1]; the majority of G4 presents in Egypt, Northern
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Africa, the Middle East, and Sub-Saharan Africa [2].
Egypt has one of the highest burdens of chronic HCV
infections globally; it is estimated that the prevalence of
HCV in our country is around 4.5 to 6.7% [3, 4]. Chronic
HCV is a leading cause of mortality and morbidity worldwide due to complications of liver cirrhosis (LC), hepatocellular carcinoma (HCC), and portal hypertension [5].
LC is the most common cause of portal hypertension,
and variceal bleeding is considered the most serious
complication of portal hypertension [6]. Initially, portal
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pressure increases as a consequence of increased resistance to blood flow due to the formation of regenerative
nodules and fibrous tissue [7]. Also, there is intrahepatic vasoconstriction which accounts for 25% of the
increased intrahepatic resistance, and mostly, that is
due to a decrease in the intrahepatic production of vasodilators substance as nitric oxide [7].
Portal hypertension in LC can be treated with many
drugs such as beta blockers but without any regression in the underlying pathology, and portal hypertension may be increased with time [8, 9]. Direct antiviral
agents (DAAS) are very effective, safe, and changing the
burden and prognosis of the disease [3]. Sustained virological response (SVR) is achieved in more than 95% of
the chronic HCV patients and is associated with regression in the underlying pathology, improvement in liver
function, fibrosis, and overall survival [9]. Also, portal
hypertension is predicted to be improved with virological response, according to the improvement in liver
fibrosis and inflammation [10]. In chronic hepatitis C
patients treated with DAAS, the progression of cirrhosis can be reversed with treatment [11, 12]. Elimination
of the infection allows the liver to start a slow process
of renewal but within limits, as this process may not
happen in patients with advanced stages of liver cirrhosis [13, 14].
Doppler ultrasonography (US) helps us to examine the
hemodynamics of the abdominal vessels including portal circulation. Thus, many investigators have confirmed
the usefulness of abdominal Doppler US in assessing
portal pressure in cirrhotic patients. It would be highly
preferred to have any Doppler parameter to be a suitable alternative for the current invasive gold standard of
measuring hepatic venous pressure gradient (HVPG) for
assessing portal hypertension [15].
Doppler ultrasonography has an advantage of being
non-invasive; so, many parameters have been made to
evaluate the hemodynamic changes in patients with liver
cirrhosis and the response to medical treatment of portal hypertension [16]. Doppler parameters, which have
been commonly used for assessing portal hypertension,
include the measurement of portal and splenic venous
blood flows and velocity and the pulsatility and resistive
index at hepatic, superior mesenteric, splenic, and renal
artery [15, 16]. Doppler ultrasonography has been widely
used to measure the portal blood flow velocity before and
after DAAS administration in cirrhotic patients infected
with HCV as a non-invasive, and easy-to-perform diagnostic imaging tool and to identify the impact of treatment on the portal circulation [16, 17].
We aim to evaluate the effect of direct-acting antiviral
therapy on portal circulation hemodynamics in cirrhotic
patients infected with HCV
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Subjects and methods
This prospective observational study involved 78 consecutive patients with chronic HCV-related liver disease among those attending virology clinics, Tropical
Medicine Department in El-Minia University Hospital,
Minia, Egypt.
One of the inclusion criteria is patients with chronic
HCV infection and liver cirrhosis.
The exclusion criteria are patients with hepatocellular carcinoma and any autoimmune diseases and very
advanced patients (Child-Pugh score= 8–15).
All patients were treated by a sofosbuvir-based regimen in combination with daclatasavir with or without
ribavirin, in the period from March 2018 to September
2019. Ten patients were excluded from the study due to
lost to follow-up, and eight patients had not completed
the treatment period.
All patients were subjected to the following (before
starting the treatment and after 1 year of the end of
treatment):
1. Full history taking stressing on alcohol intake, smoking, chronic drug use, diabetes mellitus, rheumatological diseases, history of chronic liver disease, and
history of bilharziasis
2. Clinical and local examination
3. Laboratory tests:
(a) Routine investigations: complete blood count,
liver function tests {serum bilirubin, serum
albumin, transaminases (ALT, AST), serum
alkaline phosphatase, prothrombine time and
concentration}, kidney function tests, and fasting and postprandial blood glucose.
(b) Hepatitis B surface antigen (HBs Ag)
(c) α Feto protein
(d) Serum albumin and ascitic gradient (SAAG) in
ascitic patients only
(e) Anti-bilharizial antibodies.
(f ) PCR of HCV RNA
4. Imaging: abdominal ultrasound for assessment of
liver, spleen, and any focal lesions and degree of
ascites
(a) Colored Doppler and duplex examination for
the assessment of portal hypertension; the
following parameters were evaluated: portal
vein (PV) diameter (mm), portal vein velocity
(cm/s), PV cross-sectional area 
(cm2), portal
congestive index as the ratio between PV crosssectional area 
(cm2) to portal vein velocity
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(cm/s.), splenic vein diameter (mm), and spleen
span (cm)
Written and informed consent was obtained from all
subjects. The Local Ethics Committee for human subject research reviewed and approved the study protocol
and consent forms. The collected data were inserted,
tabulated, and statistically anatomized using the Statistical Package for Social Sciences program (SPSS) software
version 24. Quantitative data were expressed as mean
± standard deviation (SD), while qualitative data were
expressed as proportions. Comparisons between the
groups for normally distributed quantitative data were
performed by the Mann-Whitney test between the two
groups. Qualitative data were analyzed by the chi-square
(χ2) test. Statistical significance was defined as P values
less than 0.05.

Results
Demographic and laboratory data for the studied group
were shown in Table 1. The age of patients is ranging
from 44 to 67 years, its mean is 57, and male to female
ratio was 80% versus 20%, about 50% of patients are from
rural areas versus 50% from urban areas; in the studied
group, 12 of the patients had ascites (20%), 21 patients
had splenomegaly (35%), 15 of patients had a history of
bilharziasis (35%), and 21 patients had a history of varices
and done follow-up upper endoscopy (35%).
Laboratory changes before and after treatment for the
studied group were shown in Table 2; there was a statistically significant improvement in laboratory parameters of
patients regarding ALT, AST, albumin, INR, prothrombin
concentration, and platelet count (P = 0.001); also, there
was a statistically significant improvement in the fibrosis
Table 1 Demographic and clinical characters of the studied
cases
Variables

Number

Percent

Age
Range

44–67

Mean ± SD

57 ± 5.9

Sex

Male

48

80%

Female

12

20%

Residence
Rural

30

50%

Urban

30

50%

Ascites

12

20%

Splenomegaly

21

35%

Bilharzias

15

25%

Varices

21

35%

Total (number of patients)

60

100%

Table 2 Laboratory changes before and after treatment
Chemical changes

Before
treatment

After
treatment

P

APRI test

0.3–6.3

0.2–2.9

0.001*

Range

Mean ± SD 1.4 ± 1.3

0.79 ± 0.84

Mean ± SD 1.11 ± 0.36

1.04 ± 0.75

Mean ± SD 40 ± 23.4

31.5 ± 19.03

Mean ± SD 46.4 ± 26.6

38.6 ± 22.2

Mean ± SD 3.6 ± 0.47

4.2 ± 0.37

Mean ± SD 1.26 ± 0.29

1.10 ± 0.12

Mean ± SD 72.3 ± 19.1

82.9 ± 11.4

Mean ± SD 130.3 ± 55.09

189.5 ± 76.4

Mean ± SD 3.7 ± 2.2

2.5 ± 1.7

Total bilirubin Range
ALT
AST
Albumin
INR
PC

Range

Range

Range

Range

Range

Platelet count Range
FIB4

Range

1–2

20–94

24–102
2.8–4.5
1–2

42.5–97
51–294

1.06–9.7

1–4

17–77

20–87

3.5–4.9
1–2

50–93

86–378

0.84–7.4

0.4
0.001*
0.001*
0.001*
0.001*
0.001*
0.001*
0.001*

APRI AST to platelet ratio index test, FIB4 fibrosis 4 score

parameters of the patients such as the AST to platelet
ratio index (APRI) test and FIB4 (fibrosis 4 score) (P =
0.001).
Response to treatment is shown in Table 3. The rate of
sustained virological response was 95%; only 3 patients
were non-responsive to DAAS therapy, and their PCR
is still positive, and reduction in the portal pressure
occurred in about 33 patients (55%).
Doppler changes before and after treatment for the
studied group are shown in Table 4. There was a statistically significant difference in Doppler parameters of
the patients before and after treatment regarding portal
vein (PV) diameter, PV cross-sectional area (CSA), portal congestive index (PCI), spleen span, and splenic vein
(SV) diameter (P = 0.001, P = 0.004, P = 0.006, P =
0.004, P = 0.001).
Logistic regression analysis of factors predicting the
non-changes in the portal circulation hemodynamics
after antiviral therapy is shown in Table 5; there were different factors associated with non-improvement in the

Table 3 Response to treatment
Response to treatment

Patients (N = 60)

Percent

SVR

57 (response)

95%

Changes in portal pressure

33

55%

SVR Sustained virological response
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Table 4 Doppler changes before and after treatment
Chemical changes

Before
treatment

After
treatment

P

PV diameter Range

10–18

10–16

0.001*

PV velocity
CSA
PCI

Mean ± SD 14.2 ± 2.6

13.09 ± 1.6

Mean ± SD 14.6 ± 2.5

13.9 ± 2.2

Mean ± SD 1.9 ± 0.9

1.6 ± 0.8

Mean ± SD 0.13 ± 0.05

0.11 ± 0.04

Mean ± SD 13.7 ± 2.6

13.2 ± 2.2

Mean ± SD 15.8 ± 3.4

14.4 ± 1.6

Range

10–20

Range

0.84–3.93

Range

0.06–0.29

Spleen span Range

10–20

SV diameter Range

10–22

9.5–20

0.07–3.4

0.06–0.20
10–17

10–20

0.06
0.004*
0.006*
0.04*
0.001*

PV portal vein, SV splenic vein, CSA cross-sectional area, PCI portal congestion
index

Table 5 Logistic regression analysis of factors predicting the
non-response
Variables

Odds ratio (OR)

95 CI of OR

P value

Rural residence

4.8

1.6–15.1

0.005*

Bilharzias

4

1.1–13.8

0.02*

HB

1.5

1.007–2.3

0.04*

PLT

1.03

1.01–1.04

0.001*

Total bilirubin

4.002

0.85–18.6

0.07

Ascites

2.3

0.64–8.4

0.1

Direct bilirubin

1.1

0.11–11.01

0.9

Male sex

1.5

0.41–5.8

0.5

Albumin

1.2

0.41–3.6

0.7

Age

1.08

0.98–1.1

0.1

Splenomegaly

0.03

0.004–0.25

0.001*

Varices

0.03

0.004–0.25

0.001*

INR

0.05

0.004–0.60

0.01*

CSA

0.22

0.08–0.57

0.002*

APri test

0.27

0.10–0.72

0.009*

FIB4

0.54

0.36–0.81

0.003*

PV diameter

0.79

0.64–0.97

0.03*

PV velocity

0.76

0.60–0.96

0.02*

Spleen span

0.94

0.77–1.1

0.5

SV diameter

0.93

0.79–1.08

0.3

OR odds ratio, CI confidence interval
*Significant level at P value < 0.05

portal parameters such as a history of Bilharzias, patients
from rural areas, presence of splenomegaly and varices,
low HB level, low platelet count, impaired INR, high level
of FIB4 and APRI test, and Doppler indices (CSA, PV
diameter, PV velocity) (P < 0.05).

Discussion
The current study was designed to evaluate the effect
of direct-acting antiviral therapy on portal circulation
hemodynamics in cirrhotic patients infected with HCV.
We used colored Doppler and duplex examination for the
assessment of portal pressure, before starting the DAAs
and after 1 year from the end of treatment.
In the present study, there is a significant improvement in the liver functions and fibrosis parameters of the
patients after treatment, the rate of SVR in our study was
about 95%, and a similar result was obtained from Wyles
et al. [18] who demonstrated high SVR more than 90%
in chronic HCV patients receiving DAAS; also, Elkhayat
et al. reported that in cirrhotic patients who received
sofosbuvir-based regimen in combination with daclatasavir, the rates of SVR were high in both naive cirrhotic
and previously treated patients (94% and 90.4%) [19].
The same results were obtained from Elnadry et al. [20]
who showed that cirrhotic patients Child A and B who
received sofosbuvir-based regimen in combination with
daclatasavir with ribavirin had SVR more than 97%; our
results are in agreement with those of Abdel-Razek and
Waked, who reported that the combination of sofosbuvir
and daclatasavir in a single oral dose resulted in an SVR
in more than 97% after 12 weeks of treatment [21].
As regards portal hypertension parameters and Doppler changes before and after treatment, there was a
significant improvement in Doppler parameters such
as PV diameter, CSA, PCI, spleen span, and SV diameter; the decrease in portal pressure occurs in about 33
patients (55%), and several factors are associated with
non-improvement in the portal parameters such as a
history of bilharzias, patients from rural areas, presence
of splenomegaly and varices, low HB level, low platelet count, and high level of fibrosis. Similar results were
obtained from Sabela et al. [22] who assessed hepatic
venous pressure gradient in large number of patients
with liver cirrhosis, most of them with esophageal varices
with or without previous clinical decompensation; the
result shows that HVPG is significantly reduced when
evaluated 24 weeks after achieving SVR with the use of
interferon-free regimens more than 13% from baseline in
140 patients (62%). The presence of esophageal varices,
low albumin and platelet levels, greater baseline HVPG,
and a less marked reduction in fibrosis parameters after
treatment were independent factors associated with
non-reduction in HVPG in spite of successful antiviral
therapy; also, in a previous study from those group [23],
HVPG measurements performed in a small number of
chronic HCV patients a median of 5 years after achieving
SVR (with interferon-based antiviral treatment) showed
further decreases of HVPG and reported that cirrhotic
patients with clinically significant portal hypertension
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at baseline remain at risk for liver decompensation after
5 years, despite successful antiviral therapy. A similar
reduction in HVPG was reported in a recent study by
Mandorfer and collaborators [12]; however, patients
included in this retrospective study presented less severe
liver disease (only 41 of 60 patients had compensated
liver cirrhosis at baseline and only 9 were Child B), and
the time between the end of treatment and follow-up
was not fixed, making the evaluation of the impact of
treatment therapy on HVPG not true. The same results
were obtained from Shigeo et al. [10] who assessed the
usefulness of portal blood flow velocity analysis using
pulse wave Doppler ultrasonography in evaluating the
effectiveness of interferon-based antiviral treatment; the
results of these study demonstrated that patients who
had SVR showed a significantly higher portal blood flow
velocity at the end of antiviral treatment than before
treatment. A similar observation was made in a recent
study including 33 cirrhotic patients treated with sofosbuvir with ribavirin, where 24% of the patients had a 20%
reduction in HVPG at 48 weeks of follow-up [11].

Conclusion
Sustained virological response to direct-acting antiviral
regimens is associated with a reduction in portal pressure
in patients with liver cirrhosis and clinically significant
portal hypertension. The main limitations of our study
arise from a relatively small number of patients, and the
long-term effects of direct-acting antiviral regimens on
portal hypertension are not completely established, and
further studies with longer follow-up may be needed.
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