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Abstract

Background Regression of fibrosis and improvement of portal hemodynamics after achievement of sustained viral
response (SVR) in patients with chronic hepatitis C (HCV) is a subject of debate in different studies. Some studies
reported improvement in the degree of fibrosis, while others did not find significant changes.

Objective We aimed to evaluate changes in liver fibrosis, portal hemodynamics and clinical outcomes in patients
with chronic HCV-related liver cirrhosis after the achievement of SVR with direct-acting antiviral drugs (DAAs).

Patients and methods In our prospective longitudinal study, a total of 100 patients with chronic HCV infection-
related liver cirrhosis were recruited, received DAAs, and completed the follow-up period. Clinical evaluation

for assessment of liver disease severity using MELD and Child—-Pugh class and scores were done. A noninvasive assess-
ment of liver fibrosis using serum biomarkers (APRI index & FIB4 score) and share wave elastography (SWE) was done.
Portal hemodynamic evaluation using Doppler ultrasound was done. All were done at baseline and 3 and 12 months
after the end of therapy.

Results A significant reduction in the degree of fibrosis was observed. Share wave elastography (SWE) readings
showed 19.79% and 30.45% reduction 3 and 12 months after the end of therapy respectively (P<0.001). Regarding
the FIB4 score, the percentage of score reduction was 19.8% and 26.46% 3 and 12 months after the end of therapy,
respectively (P<0.01). APRI scores showed 22.6% and 41.09% reduction 3 and 12 months after the end of therapy
respectively (P<0.001). Significant improvement in Child—Pugh scores 3 and 12 months after the end of treatment
was observed. Doppler ultrasound showed a significant increase in portal vein flow velocity, a significant decrease
in time average mean velocity, and cross-section area 12 months after the end of treatment.

Conclusion There was a considerable degree of reduction of liver fibrosis, improvement of portal hemodynamics,
and Child—Pugh score in cirrhotic HCV patients who achieved SVR after DAAs.

Trial registration ClinicalTrials.gov, ID: NCT03241823. Registered on 08 May 2017.
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Introduction

Before the introduction of direct-acting antiviral
drugs (DAAs), there were about 71 million infected
patients with hepatitis C virus (HCV) worldwide; of
them, 55-85% have had chronic liver disease [1]. It
was found that liver cirrhosis complicates 10-30% of
patients within 2 decades of infection. Hepatocellular
carcinoma was found to develop each year in 1-4% of
patients with HCV-related liver cirrhosis [2, 3]. Since
2014, after DAASs’ introduction into the clinical prac-
tice, there has been a dramatic improvement in HCV
management with a shorter duration of treatment and
less adverse effects than interferon-based therapy, with
SVR reaching 95% of cases [4]. DAAs (in contrast to
interferon-based regimens) can be given to patients
with liver cirrhosis.

Despite the recent advances in DAAs, data about its
effects on the degree of fibrosis regression is still not
enough. Reduction of liver fibrosis scores with its clinical
impact on the clinical status of the patients is the opti-
mum aim and hope of treatment with DAAs now [5, 6].
Previous studies noted a reduction in fibrosis using SWE,
FIB-4 score, and APRI. This reduction may be due to a
reduction in fibrosis or the inhibition of HCV-induced
hepatic inflammation and edema in hepatic tissue. This
reduction is still not known whether it impacts the clini-
cal status of the patient or not [6-8].

To our knowledge, few studies in our locality that
assessed the effects of DAAs on the fibrosis degree, portal
hemodynamics, and the clinical outcome after achieving
SVR. In the current study, we tried to study the effects of
DAAs on liver fibrosis, portal hemodynamics, and clini-
cal outcomes.

Patients and methods

In our prospective longitudinal study, one hundred
patients with chronic HCV-related liver cirrhosis who
attended Al-Rajhi Liver Hospital, Assiut University, were
enrolled in our study during the period between Decem-
ber 2018 and December 2021.

Inclusion criteria
Age 18-80 years old and HCV infection-related cirrhosis
with Child-Pugh class (A & B).

Exclusion criteria

Child C liver cirrhosis, HCV co-infection with hepatitis
B virus or HIV, contraindications to DAAs (pregnancy,
lactation, hypersensitivity to one of the drugs in the treat-
ment regimen), causes of chronic liver disease other than
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HCYV, patients with hepatocellular carcinoma, and if the
patient refused.

Sample size calculation

We obtained the reference value for the fibrosis stage
regression according to poster 777 (in AASLD), 2015 [9].
For accurate calculation of the fibrosis stage, 98 patients
would be included to achieve a 95% confidence interval
and a width equal to 0.2. We enrolled 116 patients at the
start of the study. Sixteen patients were lost for follow-
up during the period of the study and 100 patients com-
pleted the follow-up period.

All patients were evaluated as regards the following:

Thorough history and clinical examination, abdominal
ultrasound, Doppler ultrasound, share wave elastography
(SWE), and laboratory investigations were done before
therapy, 3 and 12 months after the end of therapy.

The laboratory investigations included HCV Ab, PCR
for HCV RNA (quantitative), complete blood count, pro-
thrombin time, INR, liver enzymes (alanine transami-
nase, aspartate transaminase), serum bilirubin, serum
albumin, blood urea, serum creatinine, fasting blood
sugar and HbA1c (if the patient is diabetic), HBs Ag, and
alpha-fetoprotein.

Non-invasive laboratory fibrosis markers:

o FIB-4 score=Age (years) X AST (IU/L)/platelet count
(109/L) x4 ALT (IU/L) [10]

« AST/platelet ratio index (APRI)=[AST (IU/L)/
AST upper limit of normal (IU/L)]/platelet count
(10.°/L) x 100 [11]

Abdominal ultrasound

- Abdominal ultrasonography was done at baseline and
3 and 12 months after the end of treatment. Liver size,
echogenicity, surface of the liver, portal vein diameter,
intrahepatic venous and biliary channels, splenic size,
and ascites were reported and followed up.

Share wave elastography (SWE)

Assessment of liver stiffness by SWE was done with the
Philips iU 22 ultrasonic apparatus (Bothell, WA, Elast
PQ). After fasting for 3 h, the patients were examined
in a supine position with a fully abducted right arm. The
right lobe of the liver is examined through the intercos-
tal spaces. Expression of liver stiffness was done in kilo-
pascals (kPsc) according to the usual standard procedure.
We used the following cutoff values for defining fibrosis
stages: F>1,>7.1 kPa; F>2,>7.8 kPa; F>3,>8 kPa; and
F=4,>11.5kPa [12].
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Portal hemodynamics (Doppler ultrasound)

In quiet respiration, the diameter of the portal vein was
measured at the hepatic hilum just before branching into
right and left. The two cursors were put in the internal
wall of the portal vein, excluding the wall [13].

The B-mode gray scale was used to measure the portal
vein diameter and cross-sectional area by scanning per-
pendicular to the long axis of the portal vein. Measure-
ment was done midway between the confluence of the
splenic and superior mesenteric vein, and bifurcation of
the portal vein during quiet inspiration [14].

The portal vein velocities measured were the time aver-
age mean velocity. The software package of the ultra-
sound machine calculated TAMYV electronically. PVV is
measured by scanning the extrahepatic portal vein along
its longitudinal axis [14].

The portal vein cross-sectional area and PVV were
measured 3 times to reduce intra-observer variability,
and the mean value was considered. The following for-
mula was used to calculate the portal vein cross-sectional
area:

Cross-sectional are

A is the longitudinal axis of the portal vein, B is the
axial axis of the portal vein, and 7=3.14159 [15].

The resistive index (RI) is the ratio of the upstroke of
the systolic wave in the hepatic artery to the end-diastolic
flow rate, and normal RI should be 0.6 to 0.9 [16].

The “congestion index” is the ratio between the cross-
sectional area (cm?) and the PVV (cm/s) [15].

a— (AXB)x3.14159

Treatment of HCV

All patients were given sofosbuvir (400 mg) and
daclatasvir (60 mg) daily with or without ribavirin
(weight-based) as a dual or triple therapy for 12 or
24 weeks, respectively, according to the guidelines of the
Egyptian National Committee for Control of Viral Hepa-
titis NCCVH) [17].

Statistical analysis

We used the SPSS version 26 for Windows (SPSS Inc.,
Chicago, Illinois, USA). Quantitative data were pre-
sented as mean, SD, and ranges if their distribution was
found to be parametric. Qualitative data were presented
as numbers and percentages. To compare between two
independent groups with qualitative data, y* test and/
or Fisher’s exact test were used. Independent ¢ test was
used to compare two independent groups with quanti-
tative data and parametric distribution. Repeated meas-
ures ANOVA is used when comparing more than two
paired groups with quantitative data and parametric
distribution. Pearson correlation was used to determine
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the correlation between non-invasive assessment of liver
fibrosis and Doppler ultrasound findings. All statisti-
cal analyses were significant at a 0.05 level of probability
(P<0.05).

Results
Table 1 shows the baseline data of the studied patients.
Most of our patients were males (65%) with a mean age
of 60.9+8.81 years. Smoking was reported in 57 (57%)
patients, and the comorbidities found were diabetes mel-
litus 25 (25%) and hypertension 27 (27%). Most patients
(89%) received SOF\ADAC\RBV for 12 weeks, and only
(11%) received SOF\DAC for 24 weeks due to low hemo-
globin levels at a baseline of less than 10.5 g/dl (according
to The Egyptian National Committee for Control of Viral
Hepatitis). Regarding patients who underwent upper
endoscopy, esophageal varices were found in 13 patients
and portal hypertensive gastropathy “PHG” in 2 patients,
while upper endoscopy was normal in 11 patients. The
remaining patients refused to undergo upper endoscopy.
Table 2 shows the laboratory and ultrasound data of our
patients before treatment and 3 and 12 months after the
end of treatment. The most significant changes observed
were in AFP, AST, ALT, serum albumin, and INR. Other
laboratory parameters did not show significant changes.
The mean values of AFP, AST, ALT, and INR were signifi-
cantly decreased 3 and 12 months after the end of treat-
ment compared to baseline. Also, the mean values of
these parameters were significantly decreased 12 months
after the end of treatment compared to 3 months after

Table 1 Baseline clinical data of our patients

Item Descriptive “n=100"
-Age “years”

Mean +SD 60.9+8.81 (36-80)
-Sex

Male 65 (65%)

Female 35 (35%)
-Smoking 57 (57%)
-Comorbidity

Diabetes mellitus 25 (25%)

Hypertension 27 (27%)
-Treatment regimen

SOR\DCVARBV 12 weeks 89 (89%)

SOR\DCV 24 weeks 11 (11%)
-Baseline upper endoscopy (26 patients)

Normal 11 (42.3%)

Varices 13 (50%)

Portal hypertensive gastropathy 2 (7.69%)

Data expressed as frequency (percentage), mean+SD
SOF/DCV/RBV Sofosbuvir/Daclatasvir/Ribavirin
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Table 2 Laboratory and ultrasound data of our patients before treatment and 3 and 12 months after the end of treatment
Item Baseline (before treatment) 3 months After treatment 12 months after treatment P value
“n=100" “n=100" “n=100"
Hemoglobin % 1294257 12.25+£2.17 11.77+2.04 P<0.02*
P1=0.275 P2<0.02* P3=0.208
Red blood cells 4.7+0.60 4.27£0.54 4.29+0.713 P=0.087
P1=0483 P2=0.628 P3=0.682
White blood cells 6.55+0.35 6.18+1.27 3.94+2.63 P<0.001**
P2=0.492 P2<0.001** P3<0.001**
Platelets 155.5+£63.34 15641 £69.46 159.80+72.56 P=0.106
P1=0.372 pP2=0.435 P3=0.468
Urea 34.74+7.64 34.82+£843 34.93+£9.81 P=0.622
P1=0.573 P2=0.708 P3=0429
Creatinine 0.94+0.20 0.99+041 1.02+0.14 P=0.103
P1=0.349 P2=0617 P3=0.669
AFP 931+£1.22 521£1.17 3.85+£1.09 P<0.01*
P1<0.02* P2<0.001** P3<0.03*
AST 63.36+14.22 424541046 29.15+6.33 P<0.001**
P1<0.001** P2 <0.000%*** P3 <0.000%**
ALT 59.89+1524 3874+11.24 23.84+8.64 P<0.001%**
P1<0.001** P2 <0.000%** P3<0.001**
S. Bilirubin 0.932+0.51 0918+0.34 0.858+0.16 P=0482
P1=0.573 P2=0.508 P3=0.337
S. Albumin 3.67+0.57 3.78+048 3.95+047 P<0.01*
P1=0.241 P2<0.01* P3<0.03*
INR 1.19+£0.19 1.17+£0.14 1.14£0.15 P<0.04*
P1=0.248 P2<0.02* P3<0.03*
Ascites 9 (9%) 13 (13%) 1(1%) P<0.001%* %

Data expressed as mean+SD

ALT Alanine transaminase, AST Aspartate transaminase, INR International normalization ratio, AFP Alpha fetoprotein

P value was calculated using repeated measures ANOVA

" Significant difference P<0.05

* Moderate significant difference P<0.001

" Highly significant difference P<0.000

P: comparison between baseline and 3 and 12 months after the end of treatment
P1: comparison between baseline and 3 months after the end of treatment

P2: comparison between baseline and 12 months after the end of treatment

P3: comparison between 3 and 12 months after the end of treatment

$ P value using chi-square test

the end of treatment. The mean value of serum albu-
min increased with moderate significance 12 months
after the end of treatment compared to the baseline. All
patients had criteria for liver cirrhosis. Splenomegaly was
detected in 31% of cases. Nine patients (9%) had ascites
before treatment. Three months after the end of treat-
ment 13 patients had ascites (4 patients developed new
onset ascites), while 12 months after the end of treatment
only one patient had ascites. Only two cases developed
hepatic focal lesions (diagnosed as hepatocellular carci-
noma) 12 months after the end of treatment.

Table 3 shows the non-invasive biomarkers of liver
fibrosis at baseline and follow-up. There was a signifi-
cant decrease in all parameters used for the assessment

of hepatic fibrosis. Regarding the FIB4 score, the mean
score decreased from 3.93 at baseline to 3.28 3 months
after treatment (19.81% decrease percentage) and then
2.89 12 months after treatment (26.46% decrease per-
centage) (P<0.01). The degree of liver fibrosis measures
by SWE showed also a significant decrease; the mean
of baseline measurements was 19.8 kPa, while it was
15.88 kPa 3 months after treatment (19.79% decrease per-
centage) and it was 13.77 kPa 12 months after treatment
(30.45% decrease percentage). The APRI also showed a
statistically significant reduction. The mean score before
therapy was 1.46, while 3 months after treatment, it was
1.13 (22.6% reduction), and 12 months after treatment,
it was 0.86 (41.09% reduction) (P<0.001). The number
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Table 3 Non-invasive biomarkers of liver fibrosis at baseline and follow-up

Item Baseline 3 months after the end of 12 months after the end of P value

“n=100" treatment treatment

“n=100" “n=100"

FIB4 (mean+SD) 393+278 3.28+1.21 2.89+1.69 P<0.01*
P1<0.001** P2<0.001** P3<0.01*

Stage of fibrosis

«F3 0 1(1%) 8(8%) P<0.02*

-F4 100 (100%) 99(99%) 92(92%) P3<.04*
P1=0.678 P2<0.04*

SWE"KPa" (mean +SD) 19.80+7.90 15.88+6.42 13.77+542 P<0.001 **
P1<0.04* P2<0.001** P3<0.02*

APRI score 146+042 1.13+044 0.86+0.37 P<0.001 **
P1<0.001** P2 <0.000%** P3<0.02*

APRI AST/PLT ratio index, SWE Share wave elastography, FIB4 Fibrosis score 4

P: comparison between baseline and 3 and 12 months after the end of treatment
P1: comparison between baseline and 3 months after the end of treatment

P2: comparison between baseline and 12 months after the end of treatment

P3: comparison between 3 and 12 months after the end of treatment

of patients who had stage F4 fibrosis decreased from 100
patients at baseline to 92 patients 12 months after the end
of treatment. The remaining 8 patients showed improve-
ment of their fibrosis stage (became F3).

Table 4 shows the Child—Pugh score, Child class,
and MELD score of the studied patients before and
after treatment. Significant improvement in Child—
Pugh scores was observed. The number of patients in
Child class-A increased from 79 at baseline to 90 and

94 patients 3 and 12 months after the end of treatment,
respectively. The number of patients in Child class-B
decreased from 21 patients before treatment to 7 and
5 patients 3 and 12 months after the end of treatment,
respectively. At baseline, there were no Child class-C
patients, but 3 patients became decompensated and their
Child score was Child-C 3 months after the end of treat-
ment; two of them showed improvement after 12 months
of treatment and their Child score improved (became B)

Table 4 Follow-up in Child—Pugh score and Child class and MELD score in the study group

Item Baseline 3 months after the end of 12 months after the end of P value
“n=100" treatment treatment
“n=100" “n=100"
MELD score 9.05+£1.03 865+2.63 854+227 P=0.431°
P1=0.518° P2=0.338° P3=0.738°
Child-Pugh score 5.73+£1.03 545+ 1.02% 5.27+091 P<0.02%*
P1<0.04*° P2<0.03*" P3=0.276"
Child class
<A 79 (79%) 90 (90%) 94 (94%) P <0.000***¢
-B 21 (21.0%) 7 (7%) 5 (5%) P3=0.376"
-C - 3 (1%) 1(1%)
P1<0.001**¢ P2 < 0.000%**¢

@ P value using repeated measurements test for numeric data

b p-value using Paired t-test test

€ Chi-square test for non-numeric data

" Significant difference P < 0.05

™ Moderate significant difference P < 0.001

" Highly significant difference P < 0.000

P: comparison between baseline and 3, and 12 months after the end of treatment
P1: comparison between baseline and 3 months after the end of treatment

P2: comparison between baseline and 12 months after the end of treatment

P3: comparison between 3 and 12 months after the end of treatment
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while the last patient did not show improvement at the
end of our study period. No significant change in MELD
score was observed in the present study (P=0.43).

Table 5 shows the changes in Doppler ultrasound of the
portal vein and hepatic artery before and after treatment.
There was a significant increase in portal vein flow veloc-
ity at follow-up (12 months after the end of treatment).
There was also a significant decrease in TAMV 3 and
12 months after the end of treatment. There was a signifi-
cant decrease in the cross-section area 12 months after
the end of treatment. Regarding the hepatic arterial resis-
tive index, no significant changes were observed during
the follow-up period.

Table 6 shows the relation between Doppler ultrasound
findings and upper endoscopy in the study group at base-
line (n=26).

The mean value of portal vein blood flow velocity
was significantly lower in cases with varices and PHG
(P<0.05) when compared to cases with normal find-
ings. However, the mean value of portal vein diameter
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was significantly higher in cases with varices and PHG
(P<0.02). The mean value of TAMV was significantly
lower in cases with varices and PHG compared to cases
with normal findings (P <0.001).

Table 7 shows the correlations between noninvasive
biomarkers of liver fibrosis with Doppler findings in the
study group 12 months after the end of treatment. There
were positive correlations between noninvasive biomark-
ers and portal vein flow velocity, portal vein diameter,
TAMYV, and cross-section area in Doppler in the study
group (P<0.05).

Discussion

There is relative paucity in the literature about the effects
of direct-acting antiviral drugs on liver fibrosis, por-
tal hemodynamics, and clinical outcomes in cirrhotic
patients who received these drugs for chronic HCV.
This study was designed to evaluate these changes in
the hepatic fibrosis degree, portal hemodynamics, and
clinical outcomes in patients with liver cirrhosis after

Table 5 Doppler ultrasound studies of the portal vein and hepatic artery before and after treatment

Item Baseline 3 months after theend of 12 months after the end of P value
“n=100" treatment treatment
“n=100" “n=100"
PV flow velocity (mean+SD) ‘cm/s" 18.73+1.64 20.17+257 20.38+2.79 P=0.376
P1=0.527 P2<0.02* P3<0.04*
PV diameter (mean +SD)"cm” 146+0.03 137+0.02 1.19+0.04 P=0.267
TAMV (mean £ SD) “cm/s” 13.01+5.08 755+2.37 8.09+1.43 P<0.02*
P1<0.000%** P2<0.000%** P3=0.248
Cross-section area (mean+ SD) ‘cm?” 1.15+0.77 1.10+061 0.94+0.34 P<0.01*
P1=0.481 P2=0.211 P3=0.217
Hepatic arterial resistive index (mean +SD) 0.632+0.10 0.621+0.08 0.622+0.08 P=0.341
P1=0.743 P2=0.659 P3=0.243
Congestion index (mean +SD) 0.061+0.27 0.054+0.24 0.046+0.1 P<0.001**
P value using paired t test
TAMV Time average mean velocity, PV Portal vein
P: comparison between baseline and 3 and 12 months after the end of treatment
P1: comparison between baseline and 3 months after the end of treatment
P2: comparison between baseline and 12 months after the end of treatment
P3: comparison between 3 and 12 months after the end of treatment
Table 6 The relation between Doppler ultrasound findings and upper endoscopy in the study group at baseline
Item Normal upper endoscopy Varices & PHG P value
n=11" 1n—=15"
-Portal vein flow velocity (mean +SD)"cm/s” 2199+7.86 1840+4.09 P<0.03*
-Portal vein diameter (mean +SD) ‘cm” 1.16+0.39 1.73+0.30 P<0.02*
-TAMV (mean £ SD) ‘cm/s” 9.62+5.07 501+241 P<0.001**
-Cross-section area (mean +SD) “‘cm?” 1.18+0.78 145+0.57 P=0.710
-Hepatic arterial resistive index (mean +SD) 0.65+0.11 0.639+0.07 P=0449

P value using independent t test
TAMV Time average mean velocity
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Table 7 Correlation between noninvasive biomarkers of liver
fibrosis with Doppler findings in the study group 12 months after
the end of treatment

FIB4 APRI score SWE
Portal vein flow velocity “ecm/sec” r 0425 0384 0.320
p 0.03* 0.03* 0.04*
Portal vein diameter “mm” r 0511 0481 0.641
p 0.02* 0.03* 0.03*
TAMV “cm/s” r 0734 0397 0.364
p 0.03* 0.04* 0.04*
Cross-section area “cm?” r 0153 0228 0.664
p 0.02* 0.04* .03*
Hepatic arterial resistive index r 0162 0216 0.046
p 0346 0672 0273

P value using Pearson’s correlation r: correlation coefficient

achieving SVR. To our knowledge, this study is one of the
few studies to combine clinical, laboratory, imaging, and
endoscopic modalities to evaluate the effect of DAAs on
the cirrhotic liver.

The results of our study showed that there was a
decrease in the levels of liver enzymes (AST and ALT)
and an increase in serum albumin level from baseline
level to 3 and 12 months after the end of treatment.
This is consistent with the study of Hablass et al. who
reported a reduction of liver enzymes and serum biliru-
bin, an increase in serum albumin, and an improvement
in INR after achieving SVR with DAAs [18]. Reddy et al.
[19] also concluded that DAAs improved liver functions
during a short-term follow-up specifically an increase
in serum albumin. The same results were concluded in a
short-term follow-up in many other studies [20, 21].

In our study, we found a significant reduction in the
degrees of fibrosis after treatment measured by SWE,
FIB-4 score, and APRI index in almost all patients. This
agrees with Fouad et al. study [22] who found a signifi-
cant reduction of liver stiffness after 12 weeks of the end
of DAA therapy. Elsharkawy et al. in their study [23]
reported a 22% improvement in the fibrosis degrees in
all fibrosis stages using FibroScan. They also found 81.5%
and 93% reductions in FIB4 and APRI scores, respec-
tively. Similarly, our results indicated that the APRI index
and FIB-4 score decreased gradually after achieving
SVR. This suggests that eradication of HCV may lead to
a decrease in the degree of fibrosis and hence the APRI
and FIB-4 scores. This reduction is due to a reduction
of liver enzymes after treatment that we noticed in our
study. Laursen et al. [24] investigated the effects of DAA
therapy on hepatic inflammation and fibrosis. They used
plasma sCD163 and sMR levels (ELISA) for the assess-
ment of inflammation, transient elastography for the
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measurement of liver stiffness and galactose elimination
capacity for the assessment of liver function. They found
a significant reduction in transient elastography readings
by about 20% at the end of treatment with early reduction
of liver inflammation evidenced by reduction of serum
liver enzymes twelve weeks after the end of treatment.

From these data, the improvement in the degree of
fibrosis using these noninvasive measures can be attrib-
uted to reduced liver enzymes (inflammation) and/or due
to real decrease in fibrosis severity. The marked reduc-
tion of the APRI and FIB4 scores may be impacted by
the marked improvement of the liver enzymes which is
agreed upon by Fouad et al. [22].

In our study, Child-Pugh score improved significantly,
12 months after the end of treatment. Child A was (79%)
before treatment and became (94%) 12 months after the
end of treatment. Child B patients were (21%) before
treatment and became (5%) after treatment. There were
no Child C cases before treatment. Only one patient
decompensated and became Child C 12 months after
the end of treatment with a highly statistically signifi-
cant difference. This improvement is due to improvement
in INR, S. Albumin, and S. Bilirubin. In their study, Ali
et al. [25] reported improvement in liver functions (ALT,
AST, bilirubin, prothrombin time, and INR, with signifi-
cant elevation of serum albumin) in HCV patients who
achieved SVR compared to those who failed to achieve
SVR. The Child score however was not found to improve
in these patients. In other previous studies, there were
variable degrees of improvement in Child scores from 64
to 87% in Child class-B and class-C cirrhosis [26, 27].

Regarding the MELD score, our results showed a non-
significant difference in the MELD score between base-
line and 12 months after the end of treatment. Berge et al.
[28] found also the same results. This may be explained
by the fact that only patients with lower MELD scores are
candidates for treatment and those with higher scores
are not candidates. In contrast, some other authors [26,
27] found variable degrees of improvement in MELD
scores from 50 to 83%. This may be due to the treatment
of patients with decompensated liver disease with higher
MELD and Child score that shows more considerable
and significant changes after treatment.

In our study, we found significant improvement in
Doppler ultrasound parameters (portal vein blood flow
velocity and time average mean velocity) after treatment.
Also, there was an improvement in portal vein diameter
and cross-section area 12 months after the end of treat-
ment. This change is due to a decrease in fibrosis and
its impact on portal hypertension post-treatment with
DAAs. This agrees with Hassnine et al. [29] who used
portal vein Doppler findings, as indicators for portal
hypertension, after achieving SVR.
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The reduction in the SWE readings and the improve-
ment in Doppler ultrasound parameters together with
the reduction in Fib-4 score and APRI in our study con-
firms that there is a reduction in the degree of fibrosis
and not only due to a reduction of liver enzymes.

In the present study, there was no correlation between
Doppler parameters and non-invasive biomarkers at
baseline (before treatment), but there was a positive cor-
relation between Doppler parameters with noninvasive
biomarkers 12 months after the end of treatment. This
agrees with Elwan et al’s study [30] who found that Fibro-
scan parameters in moderate fibrosis were positively cor-
related with Doppler parameters (P<0.001).

In our study, two patients developed HCC 12 months
after the end of treatment (2%), and our findings matched
with Nappi et al’s [31] who reported the occurrence
of HCC in 6 out of 241 patients achieved SVR (2.3%).
The mean interval before the diagnosis of HCC was
18.5 months after the end of treatment. All patients who
developed de novo HCC had F4 fibrosis before treatment
of HCV. In his study, all HCC cases were among those
who were treated with a SOF-based regimen. Despite
being F4, none of the patients who failed to achieve SVR
developed HCC.

The higher the success rate of DAAs in achieving
SVR, the fewer the side effects, and the positive impact
of these agents in improving the degree of fibrosis, with
its clinical impact in improving the clinical and labora-
tory parameters; all these advantages make DAAs as an
ideal treatment especially in early stages of chronic HCV-
related liver disease [27, 32].

Conclusion

DAAs are safe and effective in the treatment of HCV
infection even in the presence of liver cirrhosis. DAAs
use leads to viral eradication, improvement of liver func-
tions, improvement in noninvasive markers of fibrosis
and Child—Pugh score and class. Significant improve-
ment in the mean value of liver fibrosis (assessed by
noninvasive biomarkers, FIB4, liver stiffness, APRI) was
observed at 3 and 12 months after the end of treatment.

Limitations

The relatively short period of follow-up is one of the limi-
tations of our study. The improvement of fibrosis may
need a longer time to be more evident. The relatively
small sample size is another limitation.

Abbreviations
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