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It was reported that hepatitis C virus (HCV) antibody-positivity adversely affects cardiac
function. As the screening for HCV began in 1992, we hypothesized that HCV antibody-
positive rate would be high in adult congenital heart disease (ACHD) patients who under-
went heart surgery before 1992 and adversely affected cardiac function and long-term
prognosis. We retrospectively enrolled 243 ACHD patients (mean age 25.9 years) who
underwent cardiac surgery before 1992 and visited our hospital from 1995 to 2015. We
compared clinical characteristics including cardiac function and long-term prognosis
between HCV antibody-positive (n = 48) and antibody-negative (n = 195) patients. The
composite end point (CEP) included cardiac death, heart failure hospitalization, lethal
ventricular arrhythmias, and cardiac reoperation. The prevalence of reduced systemic
ventricular ejection fraction <50% was significantly higher in the HCV antibody-positive
group compared with the HCV antibody-negative group (17 vs 5.4%, p = 0.014). During a
mean follow-up period of 10.1 years (interquartile range 6 to 14 years), the CEP was noted
in 51 patients. Kaplan-Meier analysis showed the HCV antibody-positive group had signif-
icantly poor event-free survival than the HCV antibody-negative group (log-rank, p =
0.002). In contrast, HCV ribonucleic acid-positivity was not a significant predictor of the
CEP in the HCV antibody-positive group (log-rank, p = 0.442). Furthermore, the HCV
antibody-positivity was significantly associated with the CEP in both univariable and mul-
tivariable Cox regression models (hazard ratio 2.37, 95% confident interval 1.32 to 4.15,
p = 0.005 and 1.96, 1.06 to 3.63, p = 0.032, respectively). In conclusion, these results suggest
that more attention should be paid to HCV antibody-positivity in the management of
ACHD patients. © 2018 Elsevier Inc. All rights reserved. (Am J Cardiol 2018;122:1965
−1971)
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With the progress of treatment in congenital heart dis-
ease (CHD), the number of patients with adult congenital
heart disease (ACHD) has been increasing worldwide.1

Epidemiological evidence showed that these patients are
not cured and at high risk of cardiovascular morbidity and
mortality.2−5 However, risk factors are not completely elu-
cidated. Patients with CHD often need blood transfusion
when they undergo cardiac surgery, in which hepatitis C
virus (HCV) can be transmitted. As the screening for HCV
began in 1992, it was reported that ACHD patients who
underwent congenital cardiac surgery before 1992 had a
fivefold higher prevalence of HCV infection than the age-
matched general population.6 HCV antibody-positivity was
also reported to be associated with impaired cardiac func-
tion7,8 and poor survival after heart transplantation.9 In the
present study, we thus tested our hypothesis that HCV anti-
body-positivity would adversely affect cardiac function and
long-term prognosis in ACHD patients who underwent car-
diac surgery before 1992, by conducting a retrospective
cohort study with our AHCD database in the Tohoku Uni-
versity Hospital.
Methods

The study protocol was in accordance with the ethical
guidelines of the 1975 Declaration of Helsinki and was
approved by the Ethics Committee of the Tohoku Univer-
sity Graduate School of Medicine. Informed consent was
obtained by the opt-out method.
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Figure 1. Study population diagram. Of the 1,033 AHCD patients who vis-

ited Tohoku University Hospital during 1995 to 2015, 372 patients under-

went cardiac surgery in childhood before 1992. After excluding the

patients without hepatitis screening or follow-up time of more than 1 year,

243 patients were finally analyzed in the present study. ACHD = adult con-

genital heart disease; HCV =Hepatitis C virus.

Table 1

Diagnoses of congenital heart disease

Diagnosis n (%)

Tetralogy of Fallot 74 (30%)

Ventricular septal defect 42 (17%)

Complete transposition of the great arteries 19 (7.8%)

Atrial septal defect 17 (7.0%)

Pulmonary atresia 14 (5.8%)

Aortic coarctation 11 (4.5%)

Atrioventricular septal defect 11 (4.5%)

Tricuspid atresia 8 (3.3%)

Double outlet right ventricle 8 (3.3%)

Congenitally corrected transposition of

the great arteries

8 (3.3%)

Single ventricle 6 (2.5%)

Patent ductus arteriosus 3 (1.2%)

Ebstein disease 3 (1.2%)

Valvular disease 6 (2.5%)

Others 13 (5.3%)

All patients 243
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A total of 1,033 ACHD patients aged over 18 years vis-
ited our hospital from 1995 to 2015. In them, 372 patients
underwent cardiac surgery before 1992. Patients with
unknown HCV antibody status (n = 96) or follow-up time
of less than 1 year (n = 33) were excluded. Finally, 243
ACHD patients (48% men, mean age 25.9 § 9.0 years)
were enrolled in the present study (Figure 1).

Baseline data were obtained from the patients at the first
follow-up visit between 1995 and 2015. We reviewed medi-
cal records regarding age, gender, diagnosis of CHD, New
York Heart Association (NYHA) functional class, cardiac
function, HCV antibody status, HCV ribonucleic acid (RNA)
status, liver function, anemia, and other clinical characteris-
tics. Anemia was defined as hemoglobin concentration<13.0
g/dl for men and <12.0 g/dl for women. Dyslipidemia was
defined based on the criteria of the Japan Atherosclerosis
Society (LDL-C ≥ 140 mg/dl and/or HDL-C <40mg/dl and/
or triglycerides ≥ 150 mg/dl).10 Liver cirrhosis was defined
based on clinical, laboratory, and imaging findings. Systemic
ventricular ejection fraction (SVEF) and subpulmonary ven-
tricular (SPV) function were evaluated by echocardiography
ormagnetic resonance imaging. SPV dysfunctionwas defined
as SPV ejection fraction ≤ 45% or SPV fractional area
change ≤ 35%. Valvular disease was defined as moderate or
severe valvular stenosis or regurgitation on echocardiogra-
phy. Pulmonary hypertension was defined as mean pulmo-
nary artery pressure ≥ 25 mm Hg on right heart
catheterization or estimated SPV systolic pressure ≥ 40 mm
Hg on echocardiography. The complexity of CHD was
assigned according to the Bethesda classification.11

The composite end point (CEP) included cardiac death,
HF hospitalization, lethal ventricular arrhythmias, and car-
diac reoperation. Lethal ventricular arrhythmias were
defined as composite arrhythmic events, including
ventricular fibrillation and sustained ventricular tachycar-
dia. Hospitalization for HF was defined as an unplanned
hospitalization due to worsening HF signs and symptoms
of NYHA class III/IV. We retrospectively observed the
patients until the occurrence of the CEP or the end of 2016.

Continuous variables are expressed as the mean § stan-
dard deviation and were assessed by the Student t test or Wil-
coxon rank-sum test as appropriate. Categorical variables are
expressed as proportions and were analyzed by Fisher exact
test. We performed logistic regression analysis for variables
associated with SVEF <50%. We also performed multiple
logistic regression analysis using a forward stepwise method
with variables entered if p value was less than 0.2 on univari-
able analysis. CEP-free curves were estimated by the Kaplan-
Meier method and compared between HCV antibody-positive
and -negative groups by using the log-rank test. To assess the
association of baseline variables with the CEP, univariable,
and multivariable Cox proportional hazards regression analy-
ses were performed. In the multivariable models, we selected
the variables by using a forward stepwise method with varia-
bles entered if p value was less than 0.2 on univariable analy-
sis. Event rate of the CEP and its each component were
compared between HCV antibody-positive and -negative
groups using the Wald method. The CART survival analysis
was also performed to identify subgroups at risk for CEP.
Patients were divided into 3 groups according to their age
based on the CART survival analysis; 18 to 26 years, 27 to
40 years, and over 40 years.

Data were considered to be statistically significant at
p <0.05. All statistical analyses were performed using JMP
Pro 13.0.0 (SAS Institute Inc., Cary, North Carolina) and R
version 3.3.2 (The R Project for Statistical Computing;
https://www.r-project.org/).
Results

The most common diagnosis of CHD was tetralogy of
Fallot, followed by ventricular septal defect and complete
transposition of great arteries (Table 1). HCV antibody-pos-
itivity was detected in 48 patients (20%). Of these, HCV

https://www.r-project.org/
www.ajconline.org


Table 2

Baseline characteristics of the study population

HCV Antibody

Variable Positive (n = 48) Negative (n = 195) p value

Age (years) 28.5 § 10.2 25.2 § 8.6 0.029

18 to 26 25 (52%) 131 (67%) 0.064

27 to 40 14 (29%) 49 (25%) 0.584

≥ 41 9 (19%) 15 (7.7%) 0.030

Men 29 (60%) 88 (45%) 0.076

Congenital heart disease complexity

Simple 13 (27%) 52 (27%) 1.000

Moderate 23 (48%) 85 (44%) 0.628

Great 12 (25%) 58 (30%) 0.596

New York Heart Association functional class ≥ II 29 (60%) 86 (44%) 0.053

Heart reoperation in adulthood 8 (17%) 21 (11%) 0.318

Systemic right ventricle 5 (10%) 14 (7.2%) 0.547

Fontan circulation 3 (6.3%) 13 (6.7%) 1.000

Eisenmenger syndrome 0 (0%) 2 (1.0%) 1.000

Pacemaker implantation in childhood 2 (4.2%) 11 (5.6%) 1.000

Hypertension 0 (0%) 6 (3.2%) 0.604

Dyslipidemia 2 (4.2%) 2 (1.1%) 0.185

Diabetes mellitus 1 (2.1%) 5 (2.7%) 1.000

Liver cirrhosis 2 (4.2%) 3 (1.5%) 0.257

Serum creatinine>1.0 mg/dL 0/48 (0%) 4/188 (2.1%) 0.585

Total bilirubin>1.0 mg/dL 18/48 (38%) 44/175 (25%) 0.103

g-glutamyltranspeptidase>50 IU/L 16/47 (34%) 31/176 (18%) 0.025

Aspartate aminotransferase >40 IU/L 13/48 (27%) 8/177 (4.5%) <0.001

Alanine aminotransferase >40 IU/L 14/48 (29%) 11/179 (6.2%) <0.001

Anemia 6/48 (13%) 27/179 (15%) 0.820

Serum albumin<3.5 g/dL 3/48 (6.3%) 9/177 (5.1%) 0.722

Platelet count<150,000/mL 16/48 (33%) 24/179 (13%) 0.003

Echocardiography

Systemic ventricular ejection fraction 65.8 § 13.6 68.8 § 11.9 0.123

<50% 8/47 (17%) 10/184 (5.4%) 0.014

<40% 1/47 (2.1%) 6/184 (3.3%) 1.000

Subpulmonary ventricular dysfunction 3/41 (7.3%) 15/164 (9.2%) 1.000

Valvular disease 17/47 (36%) 54/182 (30%) 0.383

Pulmonary hypertension 8/46 (17%) 25/181 (14%) 0.639

Continuous variables and categorical variables are expressed as mean § SD and number (percentage), respectively.
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RNA-positivity was detected in 26 patients and was
unknown in 5 patients. HCV genotype was determined in
20 patients, including genotype 1 in 16 and genotype 2
in 4. Baseline characteristics were shown in Table 2.
Compared with the HCV antibody-negative group, the
HCV antibody-positive group had significantly higher
age and higher prevalence of SVEF<50% (Table 2). The
prevalence of advanced NYHA functional class (≥ II)
tended to be higher in the HCV antibody-positive group.
The HCV antibody-positive group also had significantly
higher prevalence of increased aspartate aminotransfer-
ase, alanine aminotransferase, and g-glutamyl transpepti-
dase, and decreased platelet count (Table 2). There were
no significant differences in the severity of CHD, the
prevalence of heart reoperation in adulthood, Fontan
patients, systemic right ventricle, pacemaker implantation
(PMI) in childhood, anemia, renal dysfunction, SPV dys-
function, valvular disease or pulmonary hypertension
between the 2 groups (Table 2). In both groups, few
patients had liver cirrhosis or metabolic disorders includ-
ing hypertension, dyslipidemia, and diabetes.
In univariable logistic regression analysis, factors corre-
lating with SVEF <50% were HCV antibody positivity,
age group of over 40 years, and PMI in childhood
(Table 3A). Multivariable analysis revealed that HCV anti-
body-positivity, age group of over 40 years, and PMI in
childhood were independent predictors for SVEF <50%
(Table 3B). In contrast, regarding HCV RNA positivity,
there were no significant differences in SVEF or SPV func-
tion between the HCV RNA-positive and the HCV RNA-
negative group (Table 4). No significant differences were
also noted in the prevalence of SVEF <50% (13% vs 50%,
p = 0.178) and SPV dysfunction (0% vs 25%, p = 0.267)
between the genotype 1 and genotype 2 groups.

During the mean follow-up period of 10.1 § 5.4 years
(interquartile range 6 to 14 years), CEP was noted in 51
(21%) patients, including cardiac reoperation in 25, HF
hospitalization in 18, cardiovascular death in 4, and lethal
ventricular arrhythmias in 4. The incidence rate of the CEP
was significantly higher in the HCV antibody-positive
group compared with the HCV antibody-negative group
(3.9 vs 1.6%/year, p = 0.002; Figure 2). The incidence rate



Table 3

Results of logistic regression analysis for variables associated with sys-

temic ventricular ejection fraction <50%

A. Univariable analysis

Variable OR (95% CI) p value

Hepatitis C virus antibody-positivity 3.57 (1.32−9.63) 0.012

Age (years)

18 to 26 Ref

27 to 40 0.50 (0.11−2.40) 0.390

≥ 41 6.22 (2.05−18.9) 0.001

Congenital heart disease complexity

Simple Ref

Moderate 0.80 (0.22−2.97) 0.744

Great 1.74 (0.50−6.10) 0.378

Heart reoperations in adulthood 1.44 (0.39−5.31) 0.585

Systemic right ventricle 0.64 (0.08−5.07) 0.670

Fontan circulation 1.92 (0.40−9.27) 0.415

Pacemaker implantation in childhood 4.06 (1.01−16.3) 0.049

B. Multivariable analysis

Variable OR (95% CI) p value

Hepatitis C virus antibody-positivity 3.09 (1.06−9.04) 0.040

Age ≥ 41 years 8.09 (2.54−25.8) <0.001

Pacemaker implantation in childhood 7.70 (1.71−34.8) 0.008

Association of systemic ventricular ejection fraction and Hepatitis C

virus positivity, adjusted for age and pacemaker implantation in childhood

(model p <0.001).

CI = confidence interval; OR = odds ratio; Ref = reference.
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of each component of the CEP between the 2 groups was
also analyzed. A cardiac reoperation occurred more fre-
quently in the HCV antibody-positive group compared with
the HCV antibody-negative group (2.2 vs 0.7%/year, p =
0.003; Figure 2). In contrast, there were no significant dif-
ferences in cardiac death (0.20 vs 0.15%/year), HF hospital-
ization (1.2 vs 0.6%/year), and lethal ventricular
arrhythmias (0.20 vs 0.15%/year).

Kaplan-Meier survival curve analysis for the CEP is
shown in Figure 3. The HCV antibody-positive group had
significantly poor event-free survival compared with the
HCV antibody-negative group (log-rank, p = 0.002). The
overall estimated 5 and 10-year event-free survival rates
were 78% and 74% for the HCV antibody-positive group,
and 92% and 85% for the HCV antibody-negative group,
Table 4

Comparison of cardiac function between Hepatitis C virus ribonucleic acid

positive and negative patients

HCV RNA

Variable Positive (n = 26) Negative (n = 17) p value

Systemic ventricular

ejection fraction

Mean 66.0 § 13.8 65.9 § 12.8 0.929

<50% 4/25 (16%) 3/17 (18%) 1.000

Subpulmonary

ventricular dysfunction

1/21 (4.8%) 2/15 (13%) 0.559

Continuous variables and categorical variables are expressed as mean §
SD and number (percentage), respectively.

HCV =Hepatitis C virus; RNA = ribonucleic acid.
respectively (Figure 3). Interestingly, HCV RNA-positivity
was not a significant predictor of the CEP in the HCV anti-
body-positive group (log-rank, p = 0.442; Figure 3). The
CEP-free survival was also comparable between the geno-
type 1 and genotype 2 groups (log-rank, p = 0.358).

Univariable Cox proportional hazard analysis revealed
that 9 risk factors were significantly associated with the
CEP, including HCV positivity, age group of 27 to 40 years,
age group of over 40 years, NYHA functional class ≥ II, a
history of heart reoperation in adulthood, SVEF <50%,
SPV dysfunction, valvular disease, and pulmonary hyper-
tension (Table 5A). Multivariable Cox analysis demon-
strated that HCV antibody-positivity was an independent
predictor of the CEP even after adjustment of age, group of
27 to 40 years, age group of over 40 years, NYHA func-
tional class ≥ II, and pulmonary hypertension (Table 5B).
Discussion

In the present study, we demonstrated that ACHD
patients who underwent cardiac surgery before 1992 had
higher HCV antibody-positive rate and that HCV antibody-
positivity was significantly associated with both SV dys-
function and poor long-term prognosis. To the best of our
knowledge, this is the first report that identifies HCV anti-
body-positivity as a novel risk factor for SV dysfunction
and long-term prognosis in ACHD patients.

The previous studies reported a high prevalence of HCV
antibody-positivity in patients who had a history of cardiac
surgery for CHD before blood screening (8.6% to
14.6%).6,12 Our findings are consistent with these reports
and demonstrate that HCV antibody-positive rate was as
high as 20% (48/243 patients). Thus, all ACHD patients
who underwent cardiac surgery before 1992 are at high risk
for HCV infection and recommended to have HCV
screening.13

The prevalence of patients with SVEF <50% was higher
in the HCV antibody-positive group (Table 2). Matsumori
et al reported that the presence of HCV antibody was signif-
icantly higher in patients with dilated cardiomyopathy than
in those with ischemic heart disease (16.7 vs 2.5%, respec-
tively).14 El-Waseef et al reported that HCV antibody-posi-
tive group had significantly impaired left ventricular
systolic function compared with HCV antibody-negative
group in multitransfused children.15 HCV positivity was
also reported to be associated with left ventricular diastolic
dysfunction,16 increased NT-pro-BNP,17 and HF develop-
ment.18 The relation between HCV infection and several
cardiovascular diseases, such as carotid atherosclerosis,
coronary artery disease, myocarditis, idiopathic dilated car-
diomyopathy, and hypertrophic cardiomyopathy were
reported.19 Taken together, our findings suggest that HCV
antibody-positivity has an additional role in the progression
of SV dysfunction in ACHD patients, although major con-
tributing factors for cardiac function after repair of CHD
are underlying diagnosis, myocardial injury during cardiac
surgery, and residuals and sequelae after surgery.20,21 Pos-
sible contributing mechanisms for myocardial injury of
HCV infection include metabolic and atherogenic alter-
ation, chronic inflammation, endothelial dysfunction, direct

www.ajconline.org


Figure 2. Comparison of event rate between the HCV antibody-positive and -negative groups. During the mean follow-up time of 10.1 (5.4) years, the CEP

was noted in 51 (21%) patients. The incidence rate of the CEP was significantly higher in the HCV antibody-positive group compared with the HCV anti-

body-negative group (3.9 vs 1.6%/year, p = 0.002). A cardiac reoperation was performed more frequently in the HCV antibody-positive group than in the

HCV antibody-negative group (2.2 vs 0.7%/year, p = 0.003). CEP = composite end point; HCV = hepatitis C virus; HF = heart failure.

Congenital Heart Disease/Adverse Effects of HCV in ACHD 1969
viral infection of the arterial wall, and genetic and/or envi-
ronmental factors.22

The prevalence rate of HCV RNA-positivity in our
study was similar to that reported by Vogt et al (both
55%).12 Unlike HCV antibody-positivity, HCV RNA-
positivity was not a determinant factor for SV dysfunc-
tion or poor long-term survival (Figure. 3, Table 4).
Interestingly, the previous study showed that HCV RNA
was detected in the myocardial tissue of hypertrophic
cardiomyopathy patients but not in their serum.23 HCV
RNA was found in serum in 3 out of 7 patients with
ischemic heart disease, who had HCV RNA-positive
carotid plaque.24 These findings may support the notion
that HCV replicates in myocardial tissue and cause an
active local infection of the heart, which exerts SV dys-
function. Thus, serum HCV RNA status alone may not
be a risk marker for SV dysfunction or poor long-term
Figure 3. Kaplan-Meier analysis of freedom from the composite end point. (A) Ka

body status. The HCV antibody-positive group showed significantly poor event-fr

0.002). (B) Kaplan-Meier curves for a subgroup of HCV antibody-positive ACHD

Event-free survival was not significantly different between the HCV RNA-positive

disease; HCV = hepatitis C virus; RNA = ribonucleic acid.
survival. HCV RNA test should be performed in all
ACHD patients with HCV antibody-positivity because
HCV treatment may have a beneficial impact on the
clinical outcome in HCV RNA-positive patients.

The prevalence of SPV dysfunction was comparable
between the HCV antibody-positive and negative
groups (Table 2). This finding is in contrast with the
previous report that HCV antibody positivity was asso-
ciated with SPV dysfunction in patients without CHD.8

A possible explanation of this discrepancy might be
the differences in the definition of SPV dysfunction
and study population.

The previous report suggested that cardiovascular mor-
tality increased in patients with HCV.25 The present study
demonstrates that HCV antibody-positivity was a signifi-
cant predictor of the CEP in ACHD patients who underwent
heart surgery before 1992 (Figure 3, Table 5A, B). This was
plan-Meier curves for all ACHD patients (n = 243) according to HCV anti-

ee survival compared with the HCV antibody-negative group (log-rank, p =

patients who had HCV RNA test (n = 43) stratified by HCV RNA status.

and -negative groups (log-rank, p = 0.442). ACHD = adult congenital heart



Table 5

Univariable and multivariable Cox proportional hazards regression analysis for prediction of the composite end point

A. Univariable analysis

Variable HR (95% CI) p value

Hepatitis C virus antibody-positivity 2.37 (1.32−4.15) 0.005

Age (years)

18 to 26 Ref

27 to 40 3.48 (1.90−6.47) <0.001

≥ 41 3.99 (1.72−8.60) 0.002

Congenital heart disease complexity

Simple Ref

Moderate 1.33 (0.66−2.91) 0.441

Great 1.19 (0.54−2.74) 0.675

New York Heart Association functional class ≥ II 3.06 (1.69−5.85) <0.001

Heart reoperations in adulthood 2.43 (1.22−4.50) 0.014

Systemic right ventricle 0.99 (0.34−2.27) 0.987

Fontan circulation 1.15 (0.35−2.83) 0.792

Pacemaker implantation in childhood 0.93 (0.23−2.54) 0.904

Serum creatinine>1.0 mg/dL 4.60 (0.74−15.2) 0.089

Anemia 0.84 (0.32−1.82) 0.678

Serum albumin<3.5 g/dl 1.14 (0.28−3.11) 0.828

Echocardiography

Systemic ventricular ejection fraction <50% 8.36 (4.05−16.3) <0.001

Subpulmonary ventricular dysfunction 2.81 (1.22−5.73) 0.018

Valvular disease 2.23 (1.28−3.86) 0.005

Pulmonary hypertension 2.10 (1.05−3.89) 0.037

B. Multivariable analysis

Variable HR (95% CI) P Value

Hepatitis C virus antibody-positivity 1.95 (1.05−3.61) 0.034

Age (years)

27 to 40 3.03 (1.58−5.80) <0.001

≥ 41 2.63 (1.11−6.26) 0.028

New York Heart Association functional class ≥ II 2.46 (1.24−4.90) 0.010

Heart reoperations in adulthood 1.93 (0.96−3.91) 0.067

Pulmonary hypertension 2.11 (1.06−4.18) 0.033

Association of the composite endpoint and Hepatitis C virus antibody-positivity, adjusted for age, New York Heart Association functional class, a history of

heart reoperation in adulthood, and pulmonary hypertension (model p <0.001).

CI = confidence interval; HR = hazard ratio; Ref = reference.
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mainly due to a higher incidence of cardiac reoperation in
the HCV antibody-positive group (Figure 2). Considering
the association between HCV antibody-positivity and SV
dysfunction, we assume that HCV infection was involved
in the development of adverse events late after repair of
CHD through SV dysfunction. Thus, more attention should
be paid to HCV antibody-positivity in the follow-up man-
agement of ACHD patients.

The HCV antibody-positive group had significantly
higher liver enzymes and lower platelet count compared
with the HCV antibody-negative group (Table 2). This indi-
cates that liver injury was more common in HCV antibody-
positive patients. However, the prevalence of severe liver
injury and cirrhosis were low in both groups. Thus, we con-
sider that liver injury was not directly involved in the patho-
genesis of SV dysfunction or poor prognosis of our patients.

Several limitations should be mentioned for the present
study. First, the present study was a single-center retrospec-
tive study and included selected ACHD patients who under-
went repair of CHD before 1992 and visited our institute
from 1995 to 2000. The number of patients analyzed was
relatively small and the cohort consisted of patients with a
wide variety of CHD. Thus, the present results may not be
generalized to all ACHD populations. Second, there were
missing data because of retrospective nature of chart
review. In the majority of cases, we were unable to obtain
detailed information about risks of HCV infection, not only
blood transfusion but also risks regarding occupation, co-
morbidities, and lifestyle. Thus, the exact time of HCV
infection was unknown for most patients. However, we
consider that the likelihood of HCV infection unrelated to
blood transfusion was very low in the present population.
Third, we did not evaluate BNP levels or diastolic function
in the present study. Finally, the lack of endomyocardial
biopsy makes it impossible to verify HCV RNA in the myo-
cardium as the chronic HCV infection and the cause for SV
dysfunction in our patients. Further studies are needed to
clarify whether newer HCV treatments can prevent SV dys-
function and improve long-term outcomes in ACHD
patients with HCV RNA-positivity.

In conclusion, we were able to demonstrate that HCV
antibody-positive rate was very high in ACHD patients

www.ajconline.org


Congenital Heart Disease/Adverse Effects of HCV in ACHD 1971
who underwent cardiac surgery before 1992 and that HCV
antibody-positivity was significantly associated with both
SV dysfunction and poor prognosis in those patients. These
results indicate that screening for HCV should be per-
formed in all ACHD patients with a history of heart surgery
before 1992. Further, cardiac functions should be moni-
tored more frequently to detect SV dysfunction earlier in
case of a positive result. These management strategies may
have a beneficial impact on the long-term prognosis of in
this population.
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