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REVIEW

Diagnosis and treatment of HCV heart diseases
Mohammad Haykala, Akira Matsumorib, Ahmed Saleha, Moatez Fayeza, Hany Negma, Mohammad Shalabya 

and Samar Bassuonya

aCardiovascular and Ultrasonography Research Unit (CURU), Research Institute of Ophthalmology (RIO), Cairo, Egypt; bClinical Research Center, 
Kyoto Medical Center, Kyoto, Japan

ABSTRACT
Introduction: Hepatitis C virus (HCV) infection is an important cause of a variety of otherwise 
unexplained heart diseases and myocardial injury. A high prevalence of HCV infection has 
been noted in patients with hypertrophic cardiomyopathy, dilated cardiomyopathy, arrhythmo
genic right ventricular dysplasia/cardiomyopathy and myocarditis. Various arrhythmias, 
conduction disturbances and QT prolongation were also associated with HCV infection. A possible 
role of HCV infection in the pathogenesis of diabetes and atherosclerosis, and the role of 
immunogenetics of HCV cardiomyopathies is discussed. Recent studies suggest that mononuclear 
cells may be the major target of HCV, and clinical applications to test this new hypothesis are 
discussed.
Areas covered: In this review, we will evaluate the evidence that HCV causes various cardiovascular 
diseases, and discuss on the pathogenesis of these disorders.
Expert opinion: HCV is the cause of many different forms of heart disease worldwide, but their 
existence has not been recognized by most of cardiologists. The recognition and diagnosis are indis
pensable for the early treatment of these diseases. The diverse clinical manifestation of HCV infection 
and the presence of multiple extrahepatic disease syndromes could be explained by a new hypothesis 
that the target of HCV is leukocytes.
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1. Introduction

Hepatitis C virus (HCV) infection is an important cause of 
a variety of otherwise unexplained heart diseases and myo
cardial injury. A high prevalence of HCV infection has been 
noted in patients with hypertrophic cardiomyopathy, dilated 
cardiomyopathy, arrhythmogenic right ventricular dysplasia/ 
cardiomyopathy and myocarditis. Various arrhythmias, con
duction disturbances and QT prolongation were also asso
ciated with HCV infection. A possible role of HCV infection in 
the pathogenesis of atherosclerosis and carotid arterial remo
deling, the role of immunogenetics in the pathogenesis of 
HCV cardiomyopathies, and therapeutic trials of HCV heart 
diseases will be discussed. Recent studies suggest that mono
nuclear cells may be the major target of HCV, and clinical 
applications to test this new hypothesis are discussed. In this 
review, we will evaluate the evidence that HCV causes various 
cardiovascular diseases, and discuss on the pathogenesis of 
these disorders.

2. Hepatitis C virus

HCV is a cause of both acute and chronic hepatitis, which 
may be mild illness lasting a few weeks or it can be more 
severe and serious, lifelong illness and end finally with liver 
cancer. About 71 million people have chronic HCV infection 

around the world. No effective vaccine is available against 
HCV although research in this area is ongoing.

3. Cardiotropism of HCV

HCV is blamed for unexplained heart diseases and myocardial 
injury particularly in chronic active hepatitis C [1]. In Japan, 
one of the collaborative research projects of the committee for 
the study of idiopathic cardiomyopathy found that 74 of 697 
patients (10.6%) with hypertrophic cardiomyopathy had HCV 
antibody which were also present in 42 of 663 patients (6.3%) 
with dilated cardiomyopathy and in 650 of 11,967 patients 
(5.4%) seeking care in 5 academic hospitals. Other cardiac 
abnormalities, specifically arrhythmias, were present in these 
patients which suggest that HCV infection may be an impor
tant cause of unexplained heart diseases [2]. It is important to 
recall that HCV infection is significantly noted in patients with 
hypertrophic cardiomyopathy, dilated cardiomyopathy and 
myocarditis. Figure 1 shows the various cardiac effects of 
HCV [3]. The pathogenesis of HCV-induced cardiomyopathy 
is still not well understood [4].

Impaired cardiac function in liver cirrhosis was first found in 
patients with alcoholic liver disease and thus the toxic effects 
of ethanol was thought to be the cause. Impaired systolic and 
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diastolic functions were also demonstrated in post-viral cirrho
sis. Increased left ventricular wall thickness in the pre-cirrhotic 
stage indicates the role of HCV in this structural abnormality 
which may be a co-factor for cardiac structural and functional 
abnormalities found in the more advanced stages of cirrhosis 
when portal hypertension develops and causes deleterious 
effects on systemic hemodynamics [5].

Rombola et al. also described acute pericarditis asso
ciated in patients with HCV infection. The most common 
viruses which may cause cardiac diseases during hepatitis 
are HBV and HCV, followed by cytomegalovirus, and 
Epstein-Barr virus [6]. Bertuccio et al. described a clinical 
case had unusual combination of acute HCV hepatitis and 
pericarditis in a young person who completely cured from 
the pericarditis but developed chronic HCV which may indi
cate that HCV was the cause of pericarditis [7]. Matsumori 
et al. found that HCV patients frequently associated with 
arrhythmia and arrythmogenic right ventricular dysplasia/ 
cardiomyopathy which may lead to sudden cardiac death 
and this indicates that HCV is a cause of arrhythmias, and 
the use of anti-HCV treatment could potentially reduce 
sudden death in these patients [8].

Human immunodeficiency virus (HIV) and HCV infections 
both independently prolong QT interval. Co-infection with HCV 
increases the incidence of significant QT prolongation in HIV 
patients and predispose to torsade de pointes form of ventricu
lar tachycardia [9]. HCV also leads to inflammatory LV aneurysms 
that may be the cause of idiopathic ventricular arrhythmias [10]. 
The most frequent alterations in electrocardiogram are 

Figure 1. Various cardiac manifestations of HCV.
DCM: Dilated cardiomyopathy; HCM: Hypertrophic cardiomyopathy; ARVC: Arrhythmogenic right ventricular cardiomyopathy; LV: Left ventricle. 

Article Highlights

● HCV is the cause of many different forms of heart disease worldwide, 
but their existence has not been recognized by most of cardiologists.

● HCV may cause hypertrophic cardiomyopathy, dilated cardiomyopa
thy, arrhythmogenic right ventricular dysplasia/cardiomyopathy and 
myocarditis, and may also cause various arrhythmias, conduction 
disturbances and QT prolongation.

● HCV infection may cause diabetes and atherosclerosis which are 
important risk factors of cardiovascular diseases.

● Immunogenetics play important role in the pathogenesis of HCV 
cardiomyopathies.

● The diverse clinical manifestation of HCV infection and the presence 
of multiple extrahepatic disease syndromes may be explained by 
a new hypothesis that the target of HCV is leukocytes.

Figure 2. Sequences of cardiological events after viral invasion of the heart by HCV [8].
HCC: Hepatocellular carcinoma. DCM:-Dilated cardiomyopathy. HCM: Hypertrophic cardiomyopathy 
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conduction disturbances, axis deviations and arrhythmias. The 
incidence of cardiac manifestations develop during acute viral 
hepatitis is high, but with benign evolution [6].

The pathogenesis of HCV-induced cardiomyopathy remains 
to be clarified, but persistent myocarditis may lead to myocyte 
death [3]. The sequences of cardiological events resulting from 
viral invasion to the heart may be almost the same as those 
occurring due to viral invasion to the liver except for that 
cardiomyocytes does not undergo mitotic division so hyper
trophic cardiomyopathy occurs in the heart instead of hepa
tocellular carcinomas in the liver. These sequences are 
illustrated in (Figure 2) [8].

Matsumori and colleagues studied the correlation between 
human leukocyte antigen and HCV infection and they concluded 
that immunological involvement of DPB1 gene may play a role in 
HCV-HCM development at the allelic manner level via polymorphic 
amino acids residues. Each clinical outcome of HCV infection had 
different HLA-mediated immune response explained by different 
risk alleles among HCV-related diseases including chronic liver 
diseases, asymptomatic carrier and HCV-DCM [8].

Despite the fact that the human major histocompatibility 
complex (MHC), which is located on the short arm of chromo
some 6 and encodes for several protein products involved in 
immune function including complement, tumor necrosis fac
tor (TNF) alpha, and the HLA complex, plays a role in the 
susceptibility to various diseases, no significant association 
was found between these markers and HCV-HCM [11]. In 
addition, HCV-DCM is more associated with alleles of the non- 
HLA genes than the HLA genes themselves, so HCV- DCM and 
HCV-HCM most likely develops due to different pathogenic 
mechanisms [11].

Studies also showed that some European workers with HCV 
had no cardiac diseases which means that HCV infection has 
different effects on the heart according to the human genetic 
background and geographic regions [2].

Increased intimal thickness of the carotid artery and the 
presence of plaques in it were found in HCV patients which 
means that HCV plays a role in the pathogenesis of carotid 
arterial remodeling [12].

4. HCV and diabetes mellitus as a risk of 
cardiovascular diseases

The role of chronic inflammation in the pathogenesis of type 2 
diabetes mellitus (T2DM) is well recognized, as evidenced by 
the elevated levels of inflammatory cytokines, C-reactive pro
tein and immunoglobulin free light chains in patients with 
T2DM [13,14]. Hepatic fibrosis, duration of HCV infection, and 
the presence of insulin resistance have been recognized as 
predisposing factors [15]. The new onset of T2DM in patients 
with chronic HCV infection predicts cirrhosis decompensation 
[16]. HCV infection can induce insulin resistance and cause 
diabetes [17,18]. The molecular mechanism remains to be 
clarified, but oxidative stress, cytokines, inhibition of insulin 
signaling, and reduced expression of glucose transporters may 
allbe part of the mechanism [19].

During infection, HCV proteins increase the release of 
proinflammatory cytokines, such as interleukin-6 and TNF- 

alpha, which then upregulate gluconeogenesis and enhance 
lipid accumulation in the liver [20–22].

Central adiposity related to T2DM and hepatic steatosis 
have been shown to be associated [23]. The decrease in 
HbA1c level in patients with diabetes has been shown to 
improve hepatic fat content [24]. An improvement in HbA1c 

levels with HCV eradication may also improve hepatic steato
sis, which frequently accompanies HCV-related liver disease 
[20]. Patients with compensated HCV cirrhosis have higher 
rates of decompensation when they have diabetes and insulin 
resistance, and that insulin resistance was a predictor of over
all mortality [25]. Thus, HCV eradication might prevent the 
development of decompensated cirrhosis not only by the 
elimination of the fibrotic and hepatotoxic effects of HCV, 
but also by reducing HbA1c levels and improving insulin resis
tance in patients with T2DM.

5. HCV and atherosclerosis

Atherosclerosis is an inflammatory process and viral infections 
cause pro-inflammatory processes which may cause athero- 
thrombosis. Elevated pro-inflammatory cytokines, such as TNF- 
alpha, inhibit insulin signaling, with dysregulation of glucose and 
lipid metabolism. This contributes to steatosis, increasing the risk 
to develop T2DM, which, in turn, favors the oxidative stress and 
perpetuates the chronic inflammation, accelerated liver fibrosis 
and impaired antiviral treatment efficacy [26]. Chronic HCV infec
tion induces a proinflammatory state due to overexpression of 
cyclooxygenase-2, pro-inflammatory cytokines, increased oxida
tive stress, and immune stimulation, leading to endothelial dys
function, atherosclerosis and finally, to cardiovascular disease [27]. 
HCV infection causes insulin resistance associated with endothelial 
dysfunction, persistent inflammation, and lipid imbalance that 
lead to atherosclerosis [28]. Measurement of the carotid intima- 
media thickness showed that patients with HCV infection had 
higher frequency of atherosclerotic changes [29].

HCV RNA has been demonstrated in the atherosclerotic 
plaques in carotid arteries suggesting the direct effect of 
HCV on atherosclerosis plaques formation by local inflamma
tion [30]. The mechanisms by which the HCV is involved in 
atherosclerosis remains to be clarified. The direct and indirect 
effects of HCV, such as inflammation, lipid, and glucose meta
bolism alterations, may be related [31]. It is interesting that 
successful treatment of HCV infected patients showed 
a significant decrease of intima-media thickness [32].

HCV may also accelerate allograft vasculopathy after car
diac transplantation [33,34]. Further studies are necessary to 
detect the risk of transplant coronary artery disease in recipi
ents of hearts from HCV positive donors [35].

6. Therapeutic trials of HCV myocarditis and 
cardiomyopathies

Matsumori and colleagues used interferon in the treatment of 
HCV induced dilated cardiomyopathy and striated myopathy 
guided by serial measurements of serum HCV RNA and cardiac 
troponin T, and found that most patients develop chronic 
inflammation of the heart and, later, dilated cardiomyopathy 
due to necrosis and loss of cardiomyocytes. Since 
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cardiomyocytes do not readily replicate, HCV infection may 
promote cardiomyocyte hypertrophy and leads to hyper
trophic cardiomyopathy [4]. It was suggested that the use of 
the French pine tree bark extract (pycnogenol) may be bene
ficial for the treatment of myocarditis and cardiomyopathy 
based on the following mechanisms:

1. Pycnogenol inhibits NF-κB transcription factor.
2. Pycnogenol prevents expression of vascular cells adhesion 

molecules and intercellular adhesion molecules that are known 
to be potent co-stimulatory factors to the circulating T-cells that 
lead to release of many inflammatory mediators [36].

3. Pycnogenol inhibits secretion of TNF-alpha and IL- 
1beta [37].

4. Pycnogenol inhibits release of reactive oxygen species 
and nitric oxide from macrophages [38].

5. Pycnogenol inhibits HCV replication [39].
Activation of protein kinase C (PKC) inhibits both cardiac Na 

and Ca channels by phosphorylating specific sites in certain 
domains of channel subunits. It also degrades connexin 43, the 
major protein in myocardial gap junctions that plays an impor
tant role in cell to cell coupling and communication. Since there 
was a correlation of connexin 43 expression with ventricular LPs, 
it was thought that PKC-induced degradation of connexin 43 
may be the cause of non-ischemic dilated cardiomyopathy 
through favoring the development of ventricular LPs [40]. 
Immunosuppressive agents may ameliorate inflammation in 
patients with HCV myocarditis in spite of viral persistence [41], 
and therapeutic strategies of the immunosuppressive treatment 
with antiviral agents would be reasonable.

7. A new concept of pathogenesis of HCV-induced 
diseases

Mononuclear cells was found to be a primary target of HCV 
infection where antibody against HCV-core antigen stained 
peripheral blood mononuclear cells (PBMC) in an 
immunohistochemical study, and the majority of positive 
staining was seen in CD68-positive macrophages. HCV-core 

antibody stained mostly mononuclear cells in different body 
organs as the liver, heart, kidney, and bone marrow, but not 
hepatocytes, myocytes, or globular cells. Positive staining was 
found in PBMC and mononuclear cells of various tissues by 
antibody against NS4 protein, which also supports that HCV 
replicates in mononuclear cells [42].

Thus, monocytes/macrophages are the major target of 
HCV, and these cells may cause inflammation in various 
organs (Figure 3).

Matsumori et al. showed that HCV infection frequently 
caused cardiac and renal abnormalities in patients. Various 
cardiomyopathies were found, but cardiac hypertrophy is the 
most common manifestation of cardiac abnormality, and left 
ventricular posterior wall hypertrophy was most frequent. Thus, 
HCV infection may be an important cause of hypertophic car
diomyopathy and dilated cardiomyopathy [43] (Figure 4). From 
the previous data, it was suggested that CD68 monocytes/ 
macrophages are the major target of HCV, and that CD3- 
positive T cells or CD20-positive B-cells are not major targets. 
Thus, preparations targeting leukocytes infection might be used 
to treat HCV infection [44] . This could be tested by studying 
the effect of antiviral agents on mononuclear cells in vitro.

The diverse clinical biology of HCV and the presence of 
multiple extrahepatic disease syndromes could be explained 
by the effect of hematopoietic tissues – specifically mono
ncytes in the bone marrow – on the virus via immune escape 
and viral modulation of host immune responses. The virus 
may also spread locally through the lymphatic system where 
it reaches the peripheral lymph nodes which may be the cause 
for infection of the immune cells prior to recirculation.

8. Cardiology and ultrasonography research unit 
(CURU) experience in the field of diagnosis and 
treatment of HCV heart diseases

Since 2007, CURU has valuable experience in the field of 
diagnosis and treatment of HCV heart diseases and published 
5 different studies in this field which are summarized below.

HCV

Monocytes
Macrophage

Hepatitis Cardiomyopathy
Myocarditis Nephritis Lymphoma Sjögren’s

Disease
Lichen 
planus

Figure 3. Primary target of HCV is leukocytes especially CD68 positive monocyte/macrophages, and these cells may cause inflammation in various organs.
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In 2008, Haykal et al studied the effect of HCV infection on 
systolic and diastolic function of the left ventricle (LV), finding 
that patients with HCV infection had impaired systolic and 
diastolic functions of LV [45]. Haykal et al (2010) studied left 
atrial functions in HCV patients with and without cardiovascular 
risk, a study which showed significant statistical difference in LA 
excitation- contraction interval in HCV patients with or without 
cardiovascular risk factors when compared with normal controls. 
This finding might constitute an explanation for atrial arrhyth
mias frequently observed in HCV patients through creating 
reentry circuits [46]. In 2011, Saleh et al studied the cardiac 
involvement in HCV patients using tissue Doppler imaging and 
NT-proBNP. Their results showed that HCV group has shown 
significant statistical increase in A wave, deceleration time, 
highly significant decrease in tissue Doppler Ea and Aa, highly 
significant increased E/Ea ratio, significant decrease in Ea/Aa ratio 
and significant increase in SRa. NT-proBNP levels showed highly 
significant increase and the best cutoff value of NT-proBNP to 
detect diastolic dysfunction in HCV group was 213 pg/ml. 
Significant correlation was detected between NT-proBNP level 
and tissue Doppler parameters. The best cutoff value of E/SRe 

ratio to detect diastolic dysfunction in HCV group was 0.91, with 
75% sensitivity and 100% specificity [47] . Haykal et al (2013) 
studied the role of anti-inflammatory treatment with cetirizine in 
patients presented with heart failure and had HCV infection and 
their study showed that myocardial function was substantially 
improved in patients who took cetirizine, and there was 
a significant decrease in LV average global strain, significant 
increase in LV ejection fraction [48].

9. Expert Opinion

Hepatitis C virus (HCV) is a cause of both acute and chronic 
hepatitis, an illness which can be mild, lasting a few weeks, or 

much more serious lifelong illness possibly ending in liver 
cancer. Impaired cardiac function in liver cirrhosis was observed 
in patients with alcoholic liver disease, suggesting that the toxic 
effects of ethanol was the cause. However, impaired systolic 
and diastolic functions were also demonstrated in post-viral 
cirrhosis. Increased left ventricular wall thickness in the pre- 
cirrhotic stage indicates the role of HCV in this structural 
abnormality which may be a co-factor for cardiac structural 
and functional abnormalities observed in more advanced 
stages of cirrhosis when portal hypertension develops causing 
deleterious effects on systemic haemodynamics.

While HCV is the cause of various and different forms of 
heart disease worldwide, relatively few cardiologists are aware 
of it as an etiologic agent of heart disease nor its treatment. 
HCV causes various cardiomyopathies such as hypertrophic 
and dilated cardiomyopathies, arrhythmogenic right ventricu
lar cardiomyopathy/dysplasia, myocarditis, arrhythmias, con
duction disturbances and QT prolongation. Cardiac troponins 
I and T and N-terminal pro-B-type natriuretic peptide(NT- 
proBNP) are good biomarkers in diagnosing HCV heart disease 
in HCV positive patients.

Atherosclerosis involves an inflammatory process and as 
viral infections are common etiologic agents of inflammation, 
viral infections such as HCV may be involved in atherosclerosis 
and athero-thrombosis.

Immunogenetic factors may play a role in the development 
of different phenotypes of HCV heart diseases. Studies on 
human leukocyte antigen (HLA) demonstrated that immuno
logical involvement of DPB1 (an HLA class II histocompatibility 
antigen) gene may play a role in HCV-related cardiomyopa
thies and development at the allelic manner level via poly
morphic amino acids residues. Each clinical outcome of HCV 
infection had a different HLA-mediated immune response 
explained by different risk alleles among HCV-related diseases 

10%

7%

20%

17%

15%

5%

27%

Heart alone

Kidney alone

Liver alone

Heart +Kidney

No abnormality

Liver + Kidney

Liver + Heart + Kidney

Figure 4. Incidence of abnormality of the liver, heart and kidney with HCV antibody positive people who visited a hospital. Abnormality of the kidney was most 
common, then the liver and heart followed.
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including chronic liver diseases, asymptomatic carrier and 
HCV-cardiomyopathies.

It is to be noted, however, that HCV-related dilated cardio
myopathy is more associated with alleles of the non-HLA 
genes than the HLA genes themselves, indicating HCV-related 
dilated cardiomyopathy and hypertrophic cardiomyopathy 
develop primarily due to different pathogenic mechanisms. 
HCV infection has different effects on the heart according to 
the host genetics and geographic regions. HCV is located in 
infiltrating cells, mostly monocytes/macrophages in various 
organs, and this suggests that these cells are the major target 
of HCV.

The diverse clinical biology of HCV and the presence of 
multiple extrahepatic disease syndromes could be explained 
by the effect of hematopoietic tissues – specifically mono
ncytes/macrophages in the bone marrow on the virus via 
immune escape and viral modulation of host immune 
responses. Because the virus can spread locally through the 
lymphatic system where it reaches the perihepatic lymph 
nodes, this may be a cause for infection of the peripheral 
immune cells prior to recirculation. It has been suggested 
that CD68 monocytes/macrophages are the major target of 
HCV, and that CD3-positive T cells or CD20-positive B-cells are 
not major targets. These findings suggest that pharmacologic 
preparations targeting leukocyte infection may be used to 
treat HCV.

There is a need for new trials of therapeutic agents against 
HCV infections (including HCV-induced heart diseases) based 
on the new hypothesis that the primary target of HCV infec
tion is the mononuclear cell compartment. In this light, anti- 
inflammatory therapy by anti-histaminic agents and pycno
genol may be promising therapeutic agents.
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