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1 | BACKGROUND

Abstract

Background: Ventricular septal defect (VSD) is one of the most common congenital
heart anomalies in childhood and there is an increasing prevalence of VSDs in the
adult population. The long-term risk of infective endocarditis (IE) is of concern. The
aim of this study was to clarify and compare the incidence of IE in adults with re-
paired and unrepaired VSDs.

Methods: Patients with VSDs were identified using the Adult Congenital Heart
Disease registry at the National Heart Centre Singapore. Patients were divided into
Group 1 (repaired VSD) and Group 2 (unrepaired VSDs). The electronic medical re-
cords were searched for hospitalization due to |IE during a 10-year period (October 2,
2007—October 1, 2017).

Results: Four hundred seventy-nine patients (53% male) were identified, with a mean
age of 35.0 + 13.7 years. There were 164 patients (34.2%) in Group 1 and 315 pa-
tients (65.8%) in Group 2. In total, there were eight episodes of |IE from six patients (3
male, mean age of 42.2 + 20.7 years). Two patients had recurrent IE. The overall inci-
dence of IE was 1.67/1000 y, and this is 11-15-fold higher compared to general adult
population. The incidence of IE in Group 2 was 1.90/1000 y. There were no |E cases
in Group 1.

Conclusion: Patients with VSDs, especially if unrepaired, carry a substantially in-

creased risk of IE compared to the general population.

KEYWORDS
clinical characteristics, congenital heart disease, infective endocarditis, ventricular septal
defect

The long-term prognosis of simple VSDs is generally good5 and pa-
tients are now surviving into adulthood.®” With medical advance-

Ventricular septal defect (VSD) is one of the most common congen-
ital heart disease anomalies in childhood and occur in up to 5% of
infants.! They account for up to 40% of all congenital cardiac mal-
formations.? About 85%-90% of these VSDs close spontaneously by
one year of age.3*4 Patients with large shunts are usually operated in
childhood and VSDs that are small without hemodynamic compro-

mise or ventricular remodeling are often left without intervention.

ments, contemporary data has shown an increasing prevalence of
congenital VSDs in the adult population.®

Patients with VSDs are often asymptomatic. However, one of the
main concerns with patients with congenital VSDs is the long-term
risk of infective endocarditis (IE).” In previous studies of patients
with IE, 10%-13% had underlying congenital heart disease.X%* The

incidence of IE in patients with congenital VSD has been difficult

Congenital Heart Disease. 2018;13:1005-1011.

wileyonlinelibrary.com/journal/chd

© 2018 Wiley Periodicals, Inc. | 1005


www.wileyonlinelibrary.com/journal/chd
mailto:﻿
mailto:lee.phong.teck@singhealth.com.sg

Teck LEE ET AL.

to ascertain due to inclusion bias and heterogeneous populations.
The reported incidences were 0.24/1000 y in children,*? and
1.45-8/1000 y in adults.>?*® The aim of this study is to clarify the
incidence of IE in adults with VSD and compare the IE incidence in
patients with repaired and unrepaired VSDs.

2 | METHODS

Thisstudyisbased ondatafrom the Adult Congenital Heart Disease
(ACHD) registry at the National Heart Centre of Singapore, which
is the national cardiac referral center. The registry was started
since January 2007, and included all patients who were seen at the
ACHD clinic. This registry is updated routinely by ACHD specialist
nurses at every clinic visit. All data collected until October 1, 2017

were included for analysis.

2.1 | Patients

The ACHD registry, at the time of data extraction, contained
information of 3,030 patients. The inclusion criteria were: (1)
adult patients (218 years of age), (2) main diagnosis of VSD, (3)
at least one clinic visit, and, (4) echocardiogram performed. The
exclusion criteria were: (1) patients with associated complex
congenital heart defects (e.g., tetralogy of Fallot, coarctation of
aorta, transposition of the great arteries, Eisenmenger physiol-
ogy, pulmonary atresia requiring valve conduit and univentricular
complex) and (2) syndromic conditions (e.g., Down syndrome).
Simple cardiac lesions (e.g., aortic or mitral valve disease, atrial
septal defects and persistent ductus arteriosus) were included.
After application of these criteria, 479 patients were included
for analysis. Patients were divided into two groups: Group 1
(repaired VSDs) and Group 2 (unrepaired VSDs). The study was
reviewed and approved by the local Institutional Review Board
(CIRB: 2017/2229).

2.2 | Diagnosis of infective endocarditis

All matching hospital discharges for the diagnosis and treatment
of IE were identified in the last 10 years, from October 2, 2007 to
October 1, 2017. Patients’ clinical notes were retrieved and the diag-

nosis of IE was verified using the modified Duke’s criteria.'*

2.3 | Ventricular septal defects and additional
cardiac lesions

The VSD size was defined as small: <5 mm, moderate: 6-10 mm and
large: >10 mm.'® Additional cardiac lesions that predisposed patients
to an increased risk of infective endocarditis were obtained. These
included significant valve lesions (i.e., more than mild stenosis or re-
gurgitation), mitral valve prolapse, valve repair or replacement, bi-

cuspid aortic valve, and atrial septal defect.

2.4 | Statistics

Statistical analysis was performed using SPSS statistical software
(version 22, IBM, Armonk, New York). Descriptive statistics were
presented as mean values with standard deviations for continuous
variables unless specified. Continuous variables were analyzed using
t-test. Categorical data was presented as absolute numbers with
percentages and analyzed using chi-square test. In all tests, a P value

of <.05 was considered statistically significant.

3 | RESULTS

3.1 | All patients

Four hundred seventy-nine patients were identified, 254 men
(53.0%) and 225 women (47.0%), with a mean age of 35.0 + 13.7
years. One hundred and sixty-four patients (34.2%) had prior VSD re-
pair (Group 1) and 315 patients (65.8%) had unrepaired VSDs (Group
2). Among patients with repaired VSD, there were 13 patients with
residual VSD shunt (7.9%). The clinical characteristics and compari-
son between groups are shown in Table 1. There were no significant
differences in clinical characteristics between the two groups in-
cluding patient age (P = .07), gender (P = .56), height (P = .65), weight
(P =.54), body mass index (P =.09), systolic (P =.93) and diastolic
blood pressures (P = .06), left ventricular ejection fraction (P= .86),
presence of arrhythmia (P = .29), presence of pacemaker or implant-
able cardiac defibrillators (P = .27), and New York Heart Association
class (P =.25). Group 1 patients were more often associated with
additional cardiac lesions compared to Group 2 patients (45.7% vs.
14.9%, P < .01). There were higher number of smokers and ex-smok-
ersin Group 1 (10.9% vs. 4.1%, P < .01).

3.2 | Patients with infective endocarditis

Eight episodes of IE from 6 patients were identified, 3 men and
3 women, with a mean age of 42.2 + 20.7 years at the time of IE
(Table 2). Two patients had recurrent IE, each with two episodes. All
episodes of IE were identified among patients in Group 2 (n = 315,
65.8%). Among patients with IE, there were five perimembranous-
type VSDs and one outlet-type VSD. Four VSDs were small (<5 mm)
and two were moderate (5-10 mm) in size. Two of these patients
had additional cardiac lesions (moderate tricuspid regurgitation and
mitral valve prolapse, respectively). Six episodes of |IE presented
with fever, one with chest discomfort, and one with reduced exer-
cise tolerance. The median time from symptom onset to diagnosis
was 13 days, with a range from 1 to 30 days. Blood cultures were
positive for bacterial microorganisms in all cases (8 cases) and in-
tracardiac vegetations were identified on echocardiography in four
cases (50%). All patients were treated with intravenous antibiotics
and were advised to undergo VSD repair. Three patients (50%) un-
derwent elective VSD repair. None of the patients had dental proce-

dures prior to their admission with IE.
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TABLE 1 Clinical characteristics of all patients and comparison between repaired VSD and unrepaired VSD groups

Unrepaired VSD

All patients (n = 479) Repaired VSD (n = 164) (n=315) P value

Age (y) 35.0+13.7 33.65+11.9 35.8+14.5 .07
Sex, n (%) .56
Male, n (%) 254 (53.0) 90 (54.9) 164 (52.1)
Female, n (%) 225 (47.0) 74(45.1) 151 (47.9)
Height (cm) 163+ 16 164 + 10 163 £ 19 .65
Weight (kg) 63.5+15.0 64.1+139 63.2+15.6 .54
BMI (kg/m?), mean=SD 23.2+5.0 23.8+4.7 23.0+5.1 .09
Smoking history <.01
Smoker 25(5.2) 13(7.9) 12(3.8)
Nonsmoker 448 (93.5) 146 (89.0) 302 (95.9)
Ex-smoker 6(1.3) 5(3.0) 1(0.3)
Blood pressure (mm Hg),

mean+SD
Systolic BP, mm Hg 123+ 16 123+ 16 123+ 15 93
Diastolic BP, mm Hg 67 £ 10 669 68 + 10 .06
LVEF (%), n (%) .86
Normal 467 (97.5) 160 (97.6) 307 (97.5)
Mildly impaired 9(1.9) 3(1.8) 6(1.9)

(40-50%)
Mod impaired (30-40%) 2(0.4) 1(0.6) 1(0.3)
Severely impaired 1(0.2) 0 1(0.3)

(<30%)
Predisposing lesions® 123 (25.7) 75 (45.7) 47 (14.9) <.01

(ves), n (%)
Significant valvular 68 (14.2) 43(26.2) 25(7.9)

lesions®
Valve repair or 29 (6.1) 29(7.7) 0(0)

replacement
Mitral valve prolapse 31 (6.5) 14 (8.5) 17 (5.4)
Atrial septal defect 11(2.3) 9(5.5) 2(0.6)
Bicuspid aortic valve 6(1.3) 4(2.4) 2(0.6)
Arrhythmia (yes), n (%) 25(5.2) 11 (6.7) 14 (4.4) .29
AF/flutter/AT 11(2.3) 5(3.0) 6(1.9)
PAC/PVC 8(1.7) 4(2.4) 4(1.3)
SVT 3(0.6) 2(1.2) 1(0.3)
Others 3(0.6) 0(0) 3(1.0)
PPM/ICD, n (%) 3(0.6) 2(1.2) 1(0.3) .27
NYHA class, n (%) .25
NYHA'| 458 (20) 160 (94.0) 307 (96.5)
NYHA I 20 (4.2) 3(5.4) 11(3.5)
NYHA I 1(0.2) 1(0.6) 0

Bold value indicates statistical significance. Abbreviations: BMI: body mass index, BP: blood pressure, LVEF: left ventricular ejection fraction, AF: atrial
fibrillation, AT: atrial tachycardia, PAC: premature atrial complexes, PVC: premature ventricular complexes, SVT: supraventricular tachycardia, PPM:
permanent pacemaker, ICD: implantable cardiac defibrillator, IE: infective endocarditis, NYHA: New York Heart Association

Multiple cardiac lesions may be present in individual patients

PMore than mild stenosis or regurgitation
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3.3 | Incidence of IE

The incidence of IE was 1.67/1000 y for all patients. There was no
|IE cases in Group 1, and the incidence for Group 2 was 1.90/1000 y.

4 | DISCUSSION

In our study, we demonstrated an overall incidence of 1.67/1000
patient-years, and this is at least 11- to 15-fold higher compared to
the general population.’®!” In terms of ratios, 6 out of 479 patients
(1.3%) were diagnosed with IE in the past 10 years. Patients with
unrepaired VSD have an increased incidence of IE (1.90/1000 y)
compared to patients with repaired VSD (0/1000 y). This is despite
the unrepaired VSD group having significantly fewer additional car-
diac lesions compared to the repaired VSD group (14.9% vs. 45.7%,
P < .01). Our results are consistent with previous studies, which re-

ported lower incidences of IE (0-0.6/1000 patient-years)*82!

among
patients with repaired VSDs. Of note, none of the 13 patients with
residual VSD shunt after repair had IE during the study period, al-
though this could be due to the relatively small sample size and lim-
ited study period.

The incidence of IE appeared to be highest in those with unre-
paired VSD with additional cardiac lesions. In this subgroup with
over 470 observed patient-years, the |IE incidence was 4.26/1000 y.
This is similar to IE incidences of 4-7.5/1000 y in patients with prior
IE, prosthetic heart valve, or cyanotic congenital heart disease.?%2°
Of note, none of the additional cardiac lesions in this group included
prosthetic valve replacement, or prosthetic materials, such as annu-
loplasty rings or chords, which would be categorized as high-risk for
|IE. Perhaps, closure of VSD or antibiotic prophylaxis may be consid-
ered in this subgroup. As our observed numbers are small, an ex-
tended follow up would be useful to determine the long-term risk of
IE in this subgroup.

The risk of selection bias in our study is likely to be lower, as
all patients with VSDs are routinely referred to the ACHD clinic.
Our institution has a transition program, in which patient care is
routinely transferred from pediatric to adult cardiology services at
the age of 18. In a study from a UK tertiary center, the incidence
of IE in VSD was reported to be 8/1000 patient-years.? This is ap-
proximately 5 times higher than our study and likely an overesti-
mation of the risk due to selection bias of high-risk patients. Our
results are comparable with previous studies, which reported an |E
incidence of 2/1000 patient-years among patients with VSD,'? and
1.61/1000 patient-years among patients with left-sided congenital
cardiac lesions.?® This suggests that the incidences of IE in VSDs
are comparable in Asian and Western populations, and to the best
of our knowledge, our study is the first to demonstrate this.

Poor dental hygiene and dental procedures are the most common
causal factors for |IE. The reported incidence of dental IE varies from
11% to 40%, depending on whether invasive procedures or poor

dental hygiene is taken into consideration.?”?® This is consistent

]ﬁ 5 -.Ei ..... _Wl LEY 1009

with our study where 4 out of 8 episodes (50%) of IE were found to
have causative oral microorganisms. These included Viridans group
Streptococcus, Streptococcus anginosus, and Gemella mobiliorum.
However, none of these patients had dental procedures prior to their
admission with IE. This is possibly due to the relatively small sample
size and lack of patient recall. This may also reflect the uncertainty
in the direct link between dental procedure and infective endocardi-
tis, which has been previously discussed.?? It is unclear if antibiotic
prophylaxis would have prevented these cases. The remaining 50%
of IE were found to have causative skin microorganisms, and per-
haps extra precautions, such as a quick assessment of skin condition
during clinic visits, patient education and referral to dermatology,
especially for chronic skin conditions, such as eczema or psoriasis
should be considered.

Patients with a history of IE are recognized as a high risk group
to develop IE.° Our data suggests a high risk of IE recurrence after
the first episode of IE, with 2 out of the 6 patients (33%) had recur-
rent |IE. The time intervals to |IE recurrence were 13 and 31 months,
respectively. VSD repair was offered to all patients with prior his-
tory of IE, in line with international guidelines.’>%? Three patients
(50%), including one with recurrent IE, underwent VSD repair and
these patients had no subsequent recurrence of IE. As the follow
up period is limited, it is unclear whether surgical closure of VSD
reduces the risk of recurrent IE in these patients. Extended longitu-
dinal follow up would be required to assess the risk of IE recurrence
in these patients. None of the six patients died in the study period.
Out of the 479 patients, there were three deaths during the study
period, and these were unrelated to VSDs or IE. Of interest, pa-
tients with unrepaired VSD were less likely to smoke compared to
those with repaired VSD (P < .01) and the significance of this finding
is unclear.

The limitations of this study include the fairly small number
of detected IE cases and some observations may be affected by
chance. Descriptive statistics within the group of 6 patients with
IE must therefore be interpreted with some caution. The follow up
period of ten years is also limited when taking into account the life-
time IE risk for these patients. There is also an inherent selection
bias risk within the registry, in which patients who defaulted follow
up or demised in childhood were not included. The risk of the latter
scenario is likely to be small. In a large Norway registry study in-
volving 3495 children with isolated VSD who were followed up for
approximately 10.1 + 4.5 years, the mortality rates was only 0.3%
with no excess mortality compared with children without CHD.%3
In our study, the prevalence of IE, however, has a narrow 95% Cl
(1.3%, 95% Cl 0.3 to 2.3%) and the incidence reported here is in
line with other studies.

Our study findings of increased incidence of IE in VSD patients
serve as a reminder to have a higher index of suspicion of IE in pa-
tients with VSDs as well as better patient education on dental hy-
giene and IE risks. We believe that antibiotic prophylaxis should be
considered in the highest risk group that is patients with unrepaired

VSDs and additional cardiac lesions.
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CONCLUSION

In conclusion, we demonstrate that patients with simple congenital
VSD have 11- to 15-fold increased risk of IE compared with the gen-
eral population. Those with unrepaired VSDs have a considerably
higher risk of IE and clinicians should have a higher overall index of

suspicion of IE when managing these patients.
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