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Abstract 

Background: Infection with Hepatitis C virus (HCV) is of significant public-health encumbrance in Egyptian population 
that afford the considerable predominance rate worldwide. This study was aimed to evaluate the correlation between 
the different treatment regimens on cardiac cardiovascular complication. Methods and Results: In this study, 390 
patients diagnosed as HCV infection in Mansoura, Egypt were sectioned into four groups. Group A treated with 
ledipasvir and sofosbuvir (LED +SOF), group B received simepriver and sofosbuvir (SIM+SOF), group C treated sofosbuvir 
and daclatasvir (Sof+DCV) and group D received with triple combination therapy of sofosbuvir, daclatasvir and ribavirin 
(SOF+DCV+ RBV). The full hepatological assessment, blood analysis and clinical investigation were performed. All 
participants went through a cardiac assessment for detection of development of cardiovascular changes. There was 
significant elevation in levels of AST, ALT, serum albumin, platelet count, heamoglobin concentration and the Child 
classification between the studied groups. There was significant difference in the CMR results during the study 
especially in fourth group (SOF+DCV+RBV) group. No statistical difference regarding pericardial effusion. There was 
significant elevation of cardiac enzymes (Troponin, CK MB, BNP ) mostly in all groups especially in the fourth group 
(SOF+DCV+ RBV) with one outlier in SOF+DCV group and 3 outliers presented mainly with BNP (P value <0.001). 
Conclusions: DAAs are proved its efficacy in management of chronic HCV in Egyptian patients as standard of care for 
hepatitis C treatment. Also tested its safety on the heart with most of its applied regimens. 
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INTRODUCTION  

Hepatitis C viral (HCV) infection is a major endemic medical problem in Egypt with higher prevalence rate 

worldwide [1, 2]. The prevalence rate of HCV in Egypt was reported as 14.7% in 2008 [1-3]. Infection rate was 

highly recorded in the Nile Delta and Upper Egypt with prevalence 26% and 28%, respectively [1]. 

HCV infection often causes extrahepatic diseases with innate immune and autoimmune pathogenic 

processes involved [4-10]. 

Hepatitis C virus (HCV) can be isolated from the myocardium of patients with myocarditis and 

cardiomyopathy and the mechanisms of damages the myocardium by the virus have not been elucidated 
[11-14]. 

Patients with advanced heart failure (HF) are mostly unable to tolerate interferon (IFN)-based anti-HCV 

therapies and had limited elimination efficacy [10]. 

The new direct-acting antiviral (DAA) agents are highly virus-specific and lack unspecific side-effects upon 

cardiac function which have always confounded the interpretation of IFN treatment data [15]. 

This interferon-free DAAs therapy considered as a successful hepatitis C treatment that can be offered to 

all patients irrespective of their co-morbidity [16, 17]. 

Recently, massive researches directed toward the improvement of direct acting antiviral agents (DAAs) 

able to hinder the action of viral enzymes worked to prohibit the HCV polyprotein processing and HCV 

replication. Alternative pathway is inactivation of the NS5A protein which affecting the replication of HCV 
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and nonnucleoside inhibitors of the RNA-dependent polymerase [18]. 

To combat the development of resistance associated with VHC 
variants, combination of the first-generation NS3/4A protease 
inhibitors, boceprevir and telaprevir, and PEG-IFN and RBV [19] was 
used for the treatment of genotype 1, simeprevir (second-generation 
NS3/4A protease inhibitor) with PEGIFN and RBV was approved for 12 
weeks after the surgery [20]. 

Simeprevir combined with PEG-IFN and RBV for 84 days and then 
replaced by comination of (PEG-IFN and RBV) for 3 to 12 months 
achieved sustained virological response (SVR) of 80% to 81% [21-23]. 
Sofosbuvir (SOF) as a nucleotide NS5B polymerase inhibitors was 
developed due to cross-resistance by 1st generation and 2nd generation 
protease inhibitors. Combination of SOF, PEG-IFN and RBV in genotype 
1 (G1) for 3 months achieved sustained virological response (SVR) of 
89% to 91% and was efficient for infection with genotype 4 (G4) [24]. 

The restricted protectively and tolerance of interferon-based 
treatments promote evolution of interferon-free treatments that show 
high efficacy, safety and of low cost as alternative medication [25]. SVR 
could be accomplished by an interferon free treatment [25, 26]. 
Sofosbuvir combined with RBV was applied for 12 weeks and 24 weeks 
in G2 and in G3, respectively. The use of SOF and RBV combination in 
G2 treatment-naïve patients for 12 weeks achieved sustained 
virological response (SVR) of 92% - 97% and 94% - 100%, in non-
cirrhotic and in cirrhotic, respectively in various experiments as Fission 
[27], Positron, and Valence [28]. various sofosbuvir medication showed 
promising efficacy when merged with another DAA [29]. 

This study was carried out to evaluate the effect of drug combinations 
without representing any cardiac complications including left 
ventricular (LV) dysfunction, significant arrhythmias, congestive heart 
failure and/or ACS. 

MATERIAL AND METHODS 

Patients and methods 

In this study, 390 patients diagnosed with chronic HCV infection, 
recruited in October 2016 to June 2017 in the virology clinics at 
Medical Specialized Hospital, Mansoura University, Egypt. 

The current design comprise patients who suffering from chronic HCV 
infection and receiving gathering treatment. Patients were divided into 
4 groups based on their direct acting antiviral agents (DAAS) regimens. 
Group A includes patients recieved ledipasvir and sofosbuvir (LED 
+SOF) for 12 weeks. Group B includes patients received simepriver and 
sofosbuvir (SIM+SOF) for 12 weeks. Group C includes patients received 
sofosbuvir and daclatasvir (Sof+DCV) for 12 weeks. Group D includes 
patients received sofosbuvir, daclatasvir and ribavirin (SOF+DCV+ RBV) 
for 12 weeks. 

The patients suffering from subsequent defined characters were 
eliminated; progressed liver cirrhosis, auto-immune hepatitis, 
advanced hepatitis B, both HVB and HVC, renal failure, ultimate thyroid 
problems, previous history of cardiac diseases, severe psychiatric 
disorders, diabetes mellitus, hypertension and/or Pregnancy. 

All patients were assessed before starting treatment, one month after 
and 6 months after ending treatment. All participants accomplished a 
written informed consent. The local ethics committee was reviewed 
and approved the study protocol. All participated patients were 
checked for premature coronary artery by a cardiac assessment and 
case history. 

Ethical statement 

Medical Ethics research Committee at faculty of medicine, Mansoura 

University, Egypt was approved the study protocol. The participants in 
the current study were informed and assign the written consent. 
Confidentiality and personal privacy was admired in all procedures of 
the research. Obtained results and investigations will not be 
mentioned for any other objectives.  

Laboratory assessment of the patients 

The laboratory investigation of liver function enzymes including 
aspartate-amino-transferase (AST), alanine-amino-transferase (ALT), 
serum-bilirubin, serum-albumin, prothrombin time and international 
normalized ratio were performed for all participated patients. 

 Hematological investigation including serum creatinine, blood glucose 
level and complete blood picture was performed. 

Thyroid-stimulating hormone, T3, T4, autoantibodies, antinuclear 
antibody and alpha fetoprotein were determined using Enzyme-linked 
immunosorbent assay (ELISA) protocol.  

Cardiac enzymes (troponin I, creatine phosphokinase MB and β 
natriuretic peptide) were evaluated before starting treatment, during 
follow up and after 6 months of treatment.  

Clinical investigations 

The internal abdominal organs and kidneys were investigated for any 
abnormalities clinically and by using ultrasound tools.  

The heart's conduction system was assessed for the presence of 
arrhythmias and ST-T wave changes using a standard 12-lead 
Electrocardiogram (ECG) before the medication process and at the 
follow-up visit. 

Cardiac MRI (CMR) was done before starting treatment, during follow 
up and after 6 months of treatment for assessment of the cardiac 
muscles state based on Lake Louis criteria for myocarditis in CMR. 

Statistical analysis 

The data were evaluated using IBM SPSS software package version 
20.0. Quantitative results were assessed using mean, standard 
deviation for parametric results and median (range) for non-parametric 
variables after testing normality using Kolmogrov-Smirnov test. 
Significance of the gained results was calculated at the 5% level. One 
Way ANOVA test for parametric quantitative variables to compare 
between more than two studied groups with post Hoc LSD for pairwise 
comparison. Kruskal Wallis test for non-parametric quantitative 
variables, to compare between more than two studied groups with 
Mann Whitney U test for pairwise comparison. Qualitative variables 
were described as number and percentage with Chi-Square test for 
comparison and Monte Carlo test when higher than 20% of cells have 
count less than 5. 

RESULTS 

The participated patients were studied regarding their pretreatment 
assessment including their laboratory investigations (liver functions, 
CBC, HCV RNA and serum creatinine), radiological investigations 
(abdominal ultrasound, CMR ) and the level of cardiac enzymes before, 
during and after treatment with the required regimen of DAAS.  

There was significant elevation in levels of AST, ALT, serum albumin, 
platelet count, heamoglobin concentration and the Child classification 
between the studied groups (Table 1). 
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Table 1: Comparison of laboratory results between studied groups 

 LED + SOF (N=87) SIM + SOF (N=60) Sof + DCV (N=150) SOF + DCV + RBV (N=93) test of significance 

AST 38.0 (10.0-189.0) 38.3 (10.0-189.0) 32.0A (12.0-260.0) 38.0A (17.0-310.0) KW P=0.049* 

ALT 36.0A (12.0-166.0) 38.3 (8.0-166.0) 35B (12.0-160.0) 41.0AB (13.0-187.0) KW P=0.03* 

Total bilirubin 0.9 (0.3-4.0) 0.9 (0.3-2.6) 0.9A (0.3-4.0) 1.0A (0.3-4.0) KW P=0.06 

Platelet 141.0ABC (63.0-333.0) 164.5A (65.0-492.0) 158.0B (63.0-349.0) 158C (78.0-349.0) KW P=0.004* 

HCV RNA*103 150.98 (1.38-3110.0) 212.0 (1.8-3947.8) 262.0 (1.03-4386.2) 135.9 (4.58-3803.9) KW P=0.6 

AFP 4.8 (1.0-40.0) 5.65 (1.0-56.0) 4.95 (1.0-95.13) 5.0 (1.0-67.0) KW P=0.4 

Albumin# 4.12±0.63AB 3.79±0.48AC 4.05±0.54CD 3.88±0.55BD F=5.99 P=0.001* 

INR# 1.165±0.17 1.17±0.17 1.14±0.14 1.16±0.17 F=1.2 P=0.31 

Child score  

5 72 (82.8 %)A 30 (50.0%)ABC 123 (82.0%)C 69 (74.2%)B MC P<0.001* 

6 9 (10.3%) 21 (35.0%) 21 (14.0%) 15 (16.1%) 

7 3 (3.4%) 6 (10.0%) 3 (2.0%) 3 (3.2%) 

8 3 (3.4%) 3 (5.0%) 3 (2.0%) 6 (6.5%) 

Creatinine# 0.83±0.17 0.85±0.16 0.86±0.22 0.89±0.23 F=1.42 P=0.237 

WBCS# 5.5±1.6AB 6.05±2.2 5.98±1.8 AC 6.49±1.8BC F=4.43 P=0.004* 

HB# 13.12±1.98AB 13.04±1.6CD 11.93±1.94AC 12.06±2.2BD F=9.9 P<0.001* 

- All parameters described as median (Min-Max) except those marked # described as mean ± SD 
- KW: Kruskal Wallis test 
- F: One Way ANOVA test 
- χ2: Chi-Square test 
- p: probability 
- *statistically significant difference at (p<0.05) 

- Similar superscripted letters denote significant difference within same row 

Table 2: Comparison of abdominal ultrasound findings results between studied groups 

Parameter LED +SOF (N=87) SIM+SOF (N=60) Sof+DCV (N=150) SOF+DCV+ RBV (N=93) test of significance 

Liver mean ± SD 2.38±0.85A 2.0±0.63ABC 2.29±0.69B 2.35±0.48C F=4.39 P=0.005* 

Spleen mean ± SD 1.48±0.5A 1.4±0.6B 1.52±0.50C 1.0±0.7 ABC F=17.4 P<0.001* 

Absence of Focal lesion 87 (100.0%) 60 (100.0%) 243 (100.0%) 93 (100.0%) - 

- F: One Way ANOVA test 
- p: probability 
- *statistically significant difference at (p<0.05) 

 

There was significant difference in the CMR results during the study 
including mainly edema, early gadolinium enhancement (EGE), late 
gadolinium enhancement (LGE), LV dysfunction specially in 4th group 

(SOF+DCV+RBV) group. While, there was no statistical difference as 
regard pericardial effusion between the studied groups (Table 3). 

 

Table 3: Comparison of CMR results between studied groups 

 LED + SOF (N=87) SIM + SOF (N=60) Sof + DCV (N=150) SOF + DCV + RBV (N=93) test of significance 

Edema 12 (13.8%)A 12 (20.0%) B 15 (10.0%)BC 27 (29.0%)AC MC P=0.002* 

EGE 10 (11.5%)A 12 (20.0%)B 15 (10.0%)BC 27 (29.0%)AC MC P=0.001* 

LGE 3 (3.4%)AB 2 (3.3%)CD 20 (13.3%)ACE 24 (25.8%)BDE MC P<0.001* 

LV dysfunction 3 (3.4%)A 2 (3.3%)B 8 (5.3%)C 24 (25.8%)ABC MC P<0.001* 

pericardial effusion 1 (1.1%) 1 (1.7%) 3 (2.0%) 3 (2.0%) MC P=0.79 

- MC: Monte Carlo test 
- P: probability 
- *statistically significant (P<0.05) 

- Similar superscripted letters denote significant difference within same row. 

 

Regarding to the cardiac enzymes (Troponin, CK MB, BNP ) analysis, 
there was significant elevation of them mostly in all groups especially 
in the fourth group (SOF+DCV+ RBV) with one outlier in SOF+DCV 

group and 3 outliers presented mainly with BNP (P value <0.001) (Table 
4; Figure 1). 
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Table 4: Comparison of cardiac enzymes results between studied groups 

Criteria LED + SOF (N=87) SIM + SOF N=60 Sof + DCV (N=150) SOF + DCV + RBV (N=93) test of significance 

 Median (Min-Max) Median (Min-Max) Median (Min-Max) Median (Min-Max)  

BNP 60.0A (12.0-162.0) 60.0 B (12.0-210.0) 56.0C (11.0-290.0) 94.0 ABC (11.0-370.0) KW P<0.001* 

Trop 0.5 A (0.1-1.7) 0.5B (0.1-1.9) 0.5C (0.1-1.8) 0.5ABC (0.0-2.0) KW P=0.007* 

CK MB 1.0 A (0.5-5.6) 1.5B (0.5-6.5) 1.8C (0.0-10.3) 2.0ABC (0.5-13.0) KW P=0.02* 

- KW: Kruskal Wallis test 
- P: probability 
- *statistically significant (P<0.05) 

- Similar superscripted letters denote significant difference within same row. 

 

Figure 1: Assessment of cardiac enzymes values in the studied groups 

DISCUSSION 

Hepatitis C virus (HCV) infection is a persistent viral infection of the 
liver and considered as a considerable health dilemma globally. It was 
shown that over 170 million of population worldwide are diseased and 
25% of them are at high hazard of promoting liver cirrhosis, hepatic 
carcinoma and reach to hepatic failure [30]. 

In Egypt, the infection with Hepatitis C virus (HCV) is of significant 
concern where as 12% of the over-90-million population is infected [31-

33]. 

The limited effect and constant side effects of Pegylated interferon 
(PEG-IFN) and ribavirin (RBV) which frequently used for HCV treatment, 
promote a development better alternative [18]. In the last few years, a 
promising new direct-acting antiviral agents (DAAs) were developed 
and used for patients with chronic HCV and cirrhosis due to their 
increased efficacy, safety, and tolerability [30, 34, 35]. 

In the current study, the effect of four different DAAS treatment 
regime of HCV infection was evaluated and their effect on potential 
cardiac toxicity focusing on cardiac muscles affection was assessed.  

In the first group treated with (LED + SOF), there was elevation of the 
cardiac enzymes especially BNP constant with edema of the cardiac 
muscles in CMR denoting presence of myocarditis during the treatment 
which resolves after stopping the treatment. These findings was in 
agreement with previous report confirming that the patient developed 
myocarditis after starting the treatment with reduction in the LV EF 
and in RV systolic function [36]. 

The cardio-toxicity caused by LDV/SOF may be attributed to other HCV 
DAATs [37]. Cardio-toxicity was confirmed in HCV nucleotide-
polymerase-inhibitor and HCV NS3 inhibitors [36]. Cardio-toxicity was 

not noticed in LDV/SOF experiment when the participant with 
significant cardiac co-morbidity were eliminated and without ECG 
disorders. In the previous report, 75% of USA Population suffering from 
HCV are in the age demographic with the highest prevalence of 
cardiovascular disease [37]. The massive profit of LDV/SOF’s achieving 
sustained virology response (SVR) is an inconceivable disconnection in 
HCV medication.  

In the second group treated with (SIM+SOF), there was significant 
difference in EGE, LGE and LV dysfunction with significant elevation in 
troponin levels in this group compared with the baseline. A previous 
study showed the manifestation of cardio-toxic disorder correlated to 
the use of DAAs as a medication of chronic HCV. Medication using 
BMS-986094 with DCV and RBV was terminated after 34 patient’s 
experienced rapidly progressive heart failure and cardio-toxicity were 
later identified [37]. While a complete safety for the same regimen in 
the patient discovered HCV infection shortly after cardiac transplant 
was previously demonstrated [38]. This schedule was used to reduce the 
involvement of the ongoing treatment, and especially the immune 
suppressive agents [39]. 

Regarding to the third and fourth group treated (SOF +DCV) and (SOF 
+DCV+RBV), respectively, there was significant elevation of CK-MB 
levels in the group treated with SOF+DCV, with increased edema, 
EGE,LGE when compered with the second group trated with (SIM + 
SOF). 

In spite of safety of SOF+DCV regimen with or without ribavirin 
mentioned in many studies, sofosbuvir may cause potentially fatal 
heart arrhythmias [40]. While, the prospect mode of action may be 
correlated to drug–drug interference of p-glycoprotein in cardiac 
myocytes [41] or direct effect in the sino-atrial/atrioventricular node [42, 

43]. 

The current results considered of maximum clinical potency that DAAs 
are becoming the significant for hepatitis C medication and the 
patients exposed to sofosbuvir is supposed to elevated in a proportion 
that exceeds the number of patients included in the clinical 
experiment. Interestingly, the possibility of a small absolute risk 
increase is not excluded by the current evaluation, thus phase IV trials 
with longer follow-up or prolonged observational studies or registries 
(such as the Gilead Sustained Virologic Response Registry—
ClinicalTrials.gov identifier NCT01457755) may participate more 
durable data to the evaluation of cardiac risks related to DAAs, 
especially sofosbuvir, as they may able to possess more of these 
seldom counter actions.  

CONCLUSION 

New HCV treatment with directly acting antiviral agents proved not 
only its efficacy in management of chronic HCV in Egyptian patients but 
also proved its safety on the heart with most of its applied regimens. 

Although, in some regimens including semipriver or daclatasvir, some 
patients show different degrees of cardiomyopathy, proved by 
elevation of cardiac enzymes and presence of edema in CMR, these 
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changes was reversible after stoppage of treatment without leaving 
any permenant cardiac damage. 
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