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quired pacemaker implantation. Seven (14%) developed left 
ventricular outflow tract obstruction (LVOTO). In the unre-
paired pmVSD group, 4 developed endocarditis. In the entire 
group, moderate or severe aortic regurgitation (AR) occurred 
in 9 (5%) patients.  Conclusions:  Long-term survival in pa-
tients with isolated pmVSD was not uneventful. Moderate or 
severe AR might develop and endocarditis occurred in pa-
tients without VSD repair. Complications after VSD closure 
included atrial arrhythmia, pacemaker implantation and 
LVOTO.  © 2016 S. Karger AG, Basel 

 Introduction 

 Isolated ventricular septal defect (VSD) is the most 
common congenital heart defect, apart from bicuspid aor-
tic valve, accounting for 30–40% of all congenital cardiac 
malformations  [1, 2] . Spontaneous closure in the first 
years of life is common in cases of small defects. VSD is 
generally diagnosed and, if necessary, treated in child-
hood. Four subgroups have been defined in the guidelines, 
according to defect location: perimembranous, muscular, 
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 Abstract 

  Objectives:  Studies evaluating the long-term outcome of 
adults with ventricular septal defect (VSD) are important to 
inform patients about prognosis. This study investigated the 
long-term outcome of patients with perimembranous VSD 
(pmVSD) followed in the Belgian Registry on Adult Congeni-
tal Heart Disease.  Methods:  All pmVSD patients in the regis-
try were analyzed.  Results:  Two hundred and sixty-six pa-
tients were studied. Fifteen patients had Eisenmenger syn-
drome. One hundred and seventy-three had isolated pmVSD 
and 78 had pmVSD with concomitant lesions. Of the patients 
with isolated pmVSD, 52% were male, median age was 29 
years (IQR 24–35 years) and median follow-up duration was 
18 years (IQR 10–25 years). Fifty-three (31%) patients under-
went VSD closure and 10 (19%) had a residual shunt. Most 
(93%) patients were in NYHA class I. No patients died. Two 
(4%) patients developed atrial arrhythmia and 2 (4%) re-
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outlet and inlet type  [1] . The perimembranous type is the 
most common in adults (about 80% of all VSDs)  [1] . The 
clinical presentation and natural history can vary from 
small VSD with insignificant left-to-right shunt to VSD 
with significant left-to-right shunt with left ventricular 
(LV) volume overload and right ventricular (RV) pressure 
overload, which, if unrepaired, may cause pulmonary vas-
cular disease and even Eisenmenger syndrome  [1, 3–5] . 
Patients with a small VSD and insignificant left-to-right 
shunt or with a repaired VSD usually remain event-free 
during follow-up. However, several problems may still
develop later in life, with the most important being endo-
carditis, LV dilatation due to volume overload, double-
chambered right ventricle, LV outflow tract obstruction 
(LVOTO), aortic valve regurgitation (AR) and complete 
heart block (especially in the earlier years of cardiac sur-
gery)  [1] .

  Recent studies evaluating the long-term outcome of 
adult patients with VSD are scarce but are important for 
evaluating current VSD management and informing pa-
tients about prognosis and professional and health insur-
ance issues. The aim of this study was to determine the long-
term outcome of patients with perimembranous VSD (pm-
VSD) included in the Belgian Registry on Adult Congenital 
Heart Disease (ACHD), from the first diagnosis in child-
hood until the latest follow-up visit. There was specific in-
terest in pmVSD because it is the largest VSD subpopula-
tion and also due to the proximity of the aortic valve. Aortic 
valve complications in pmVSD were studied in detail.

  Methods 

 Patient Selection 
 All patients with pmVSD were selected from the Belgian Regis-

try on ACHD. This registry was initiated in 2005 via the collabora-
tion of 10 university/academic centers in Belgium. It currently in-
cludes almost all adult patients, i.e. aged  ≥ 16 years, in our country, 
with congenital shunt lesions and who are in follow-up. Analysis 
was done on the cohort of patients in the registry in April 2013. 
Only a minority of patients with ACHD in Belgium are followed at 
peripheral centers. Patients dismissed from follow-up in the 1970s 
and 1980s after closure of small isolated shunt lesions are currently 
being contacted for check-ups and scheduled for further inclusion 
in the registry. Demographic, clinical and biochemical data, elec-
trocardiographic, echocardiographic and invasive hemodynamic 
measurements and, if applicable, data on closure were obtained 
from the patient’s records. Follow-up consisted of systematic eval-
uations in each participating center. Each participant signed an in-
formed consent for registry inclusion. The Ethics Committee of 
each hospital approved the follow-up protocol (Belgian protocol 
No. B32220071280; approval date: 19 November 2007. http://www.
uzleuven.be/commissie-medische-ethiek). An independent data-
manager (Alabus AG, Switzerland) maintained the registry from 

2005 until 2014. Since 2015, the registry is maintained indepen-
dently by the Leuven Coordinating Center, University of Leuven.

  Patients with Eisenmenger syndrome or with concomitant 
congenital heart lesions were analyzed separately from patients 
with isolated pmVSD. All records were reviewed for the presence 
of LVOT malformations, which predispose to the development of 
progressive LVOTO or AR. Such malformations included bicus-
pid aortic valve, asymmetric tricuspid aortic valve, dysplastic aor-
tic valve, severe coronary cusp prolapse, subaortic membrane and 
supravalvular aortic stenosis (AS).

  Data were reviewed for all patients and 4 time points were con-
sidered: (1) the first visit or baseline, i.e. the first patient contact 
with the physician who diagnosed the defect, (2) heart catheteriza-
tion, (3) the VSD closure time point (if applicable) and (4) the lat-
est follow-up visit.

  Echocardiography 
 All patients underwent transthoracic and/or transesophageal 

echocardiography (TTE/TEE) at baseline, mainly focusing on an-
atomical and shunt characteristics. Defect size was defined as the 
maximal VSD diameter, obtained from parasternal long-axis view, 
parasternal short-axis view and/or apical 5-chamber view. At the 
latest follow-up, TTE was analyzed according to the 2006 guide-
lines for chamber quantification  [6] . TTE included 2-dimensional, 
M-mode, pulsed-wave, continuous-wave and color-flow Doppler 
measurements. Atrial and ventricular dimensions were graded as 
normal, mild, moderate or severe, based on absolute measure-
ments and/or observer impression. Tricuspid valve regurgitation 
and AR were graded semiquantitatively on color-flow Doppler 
echocardiography. The pulmonary hypertension (PH) probability 
in patients with repaired VSD without residual shunt was estimat-
ed by means of the tricuspid regurgitation velocity (TRV), ob-
tained by TTE. Three different PH categories, i.e. unlikely, possible 
and likely, were defined, following the ESC/ERS guidelines on PH 
 [7] . PH was considered unlikely if TRV  ≤ 2.8 m/s, possible if TRV 
 ≥ 2.9 and  ≤ 3.4 m/s and likely if TRV >3.4 m/s. Patients with no or 
only trivial tricuspid valve regurgitation were assumed to have no 
PH, based on the absence of indirect echocardiographic signs of 
PH  [7, 8] . In patients without VSD closure or in the presence of a 
residual shunt, PH was estimated by means of the peak pressure 
gradient across the VSD (i.e. the difference between LV and RV 
systolic pressure, estimated by 4 times the VSD peak velocity 
squared, with a cut-off of 4 m/s) and the pulmonary artery
acceleration time (with a cut-off of 100 ms  [9] ), obtained by TTE. 
LVOTO was defined by a peak systolic pressure gradient across the 
LVOT of >10 mm Hg. LVOTO was subdivided into valvular, su-
pravalvular or subvalvular AS, based on the continuous-wave 
Doppler echocardiographic velocity in the LVOT and the location 
of flow acceleration/turbulence with color-flow Doppler.

  Invasive Evaluation 
 In patients who underwent invasive hemodynamic measure-

ments prior to VSD closure, pulmonary artery pressure (PAP) was 
measured and shunt ratio (Qp/Qs) was calculated via an oxygen 
saturation series by the Fick method. PH at baseline was defined 
as mean PAP  ≥ 25 mm Hg, according to the PH guidelines  [7] .

  Follow-Up 
 Patients without VSD closure were usually followed on a year-

ly basis or, in the absence of comorbidities, every 3–5 years. Pa-
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tients with closure were reassessed at 1 day, 1 month and 6 months 
after VSD closure and every 3–5 years thereafter, unless abnormal 
evolution was noted. Follow-up was mainly done by noninvasive 
examinations (clinical examination, electrocardiography, TTE 
and exercise testing).

  Statistical Analysis 
 Statistical analyses were performed with SPSS software v22.0 

(SPSS, Chicago, Ill., USA). For continuous variables, data are re-
ported as means ± standard deviation (SD) or median + interquar-
tile range (IQR) if a normal assumption was not valid. Discrete 
variables are presented as frequencies and/or proportions. Com-
parison of 2 means was done by 2-tailed Student’s t test or, when 
normality was not assumed, by Mann-Whitney U test. Levene’s 
test was performed to assess for equal variances. Proportions were 
compared by the χ 2  test (or Fisher’s exact test in the case of a small 
sample size). Cox regression analysis was performed to identify 
predictors of AR development. LVOTO-free and AR-free survival 
were plotted by the Kaplan-Meier method, with comparisons 
made by log-rank statistics. All tests were 2-sided and p < 0.05 was 
considered statistically significant.

  Results 

 Baseline Characteristics 
 Data of 268 adult patients with pmVSD were collected 

from the Belgian Registry on ACHD. Two patients were 
excluded due to a lack of data. Finally, 266 patients were 
analyzed ( fig.  1 ). After detailed review of the records,

pmVSD could be confirmed with certainty in 257 (97%) 
patients. Fifteen (6%) patients with pmVSD evolved to 
Eisenmenger syndrome. Concomitant congenital heart 
lesions were present in 78 patients ( table 1 ).

  The remaining 173 patients had isolated VSD. Of 
these, 90 (52%) were male. Median age at latest follow-up 
was 29 (IQR 24–35) years. Median follow-up duration 
was 18 (IQR 10–25) years. Nine (5%) patients were diag-
nosed with Down syndrome. Most (91%) patients had 
one single pmVSD and the other 9% had 2 VSDs (i.e. a 
muscular or outlet type next to the pmVSD). Median 
VSD size at baseline was 7 (IQR 4–10) mm. Fifty-three 
(31%) patients underwent VSD repair; this was closed 
surgically in 49 and percutaneously in 4. Repair took 
place between November 1971 and January 2005. Median 
age at initial VSD repair was 2.6 (IQR 0.5–6.9) years. 
Thirty-nine (74%) patients underwent invasive hemody-
namic measurements by heart catheterization prior to 
closure. Median Qp/Qs ratio before closure was 1.9 (IQR 
1.5–2.9). Twenty-six (49%) patients had a mean PAP  ≥ 25 
mm Hg before closure.

  Outcome of the Patients with Isolated VSD 
 At the latest follow-up, 93% of the patients functioned 

in NYHA class I and the remainder in NYHA II. No pa-
tient developed heart failure or died. One male patient 

Unrepaired
pmVSD
n = 120

– 1 survivor of SCD
– 4 endocarditis
– 1 atrial arrhythmia
– 1 PM implantation
– 1 possible PH
– 4 mod/sev AR

Repaired
pmVSD
n = 53

– 10 residual shunt
– 2 atrial arrhythmia
– 2 PM implantation
– 1 possible PH
– 7 LVOTO
– 5 mod/sev AR

Unrepaired
pmVSD
n = 17

– 2 endocarditis
– 1 atrial arrhythmia
– 2 PM implantation
– 0 PH

Repaired
pmVSD
n = 61

– 6 residual shunt
– 4 atrial arrhythmia
– 3 PM implantation
– 2 possible PH, 1 likely PH

Eisenmenger syndrome
n = 15

pmVSD +
concomitant lesions

n = 78

Patients analyzed
n = 266

Isolated pmVSD
n = 173

– 3 deaths
– 1 ventricular arrhythmia
– 3 advanced RV failure
– 9 mod/sev RV dilatation

  Fig. 1.  Flowchart of patient inclusion and subdivision. mod/sev = Moderate or severe; PM = pacemaker; SCD = 
sudden cardiac death. 
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survived a witnessed sudden cardiac arrest at the age of 
36 years. The initial heart rhythm was not clear. Evalua-
tion after cardiac arrest showed a small VSD with a he-
modynamically irrelevant left-to-right shunt. Magnetic 

resonance imaging showed biventricular dilatation. No 
genetic mutation in genes known to be associated with 
cardiac arrhythmia was found. The patient received an 
implantable cardioverter defibrillator.

  Sequelae in Patients with Unrepaired Isolated VSD 
 In the unrepaired isolated VSD group (n = 120), 4 

(3%) patients developed endocarditis ( table  2 ). Fifteen 
(13%) spontaneous closures occurred. One (1%) patient 
developed paroxysmal atrial arrhythmia during follow-
up, at the age of 37 years, 1 required pacemaker implan-
tation for high-degree atrioventricular (AV) block at the 
age of 48 years and 1 developed possible PH (TRV was 
2.92 m/s). Twenty-five (21%) patients evolved to mild 
and 4 (3%) to moderate or severe AR during follow-up 
(none of the 4 presented with congenital LVOT malfor-
mations).

  Sequelae in Patients with Repaired Isolated VSD 
 In the repaired isolated VSD group (n = 53), a residu-

al shunt was present in 10 (19%) patients. Four under-
went suture closure and 6 underwent patch closure of the 
VSD. No patients needed redo VSD surgery. No patient 
developed endocarditis. In 2 (4%) patients, atrial arrhyth-
mia (atrial flutter) was detected, 15 and 24 years after sur-
gical VSD closure performed by atriotomy and aortoto-
my, respectively. One of them suffered a stroke. Two (4%) 
patients required pacemaker implantation for high-de-
gree AV block, late after surgical VSD closure. One devel-
oped high-degree AV block shortly after aortic valve in-
tervention at the age of 23 years. The other received a 
pacemaker 28 years after VSD repair, at the age of 32 
years. One (2%) patient developed possible PH during 
follow-up after VSD closure (TRV 2.96 m/s).

  Interestingly, 7 (14%) patients (3 males and 4 females) 
presented some degree of LVOTO during follow-up after 
surgical VSD repair. All 7 functioned in NYHA class I
and were asymptomatic. Peak systolic pressure gradient 
across the LVOT ranged from 11 to 41 mm Hg. Mean 
peak systolic LVOT pressure gradient was 19 mm Hg. As-
sociated AR was mostly absent or mild. Two patients de-
veloped moderate AR; one had aortic valve intervention 
at the moment of VSD closure and the other had an asym-
metric tricuspid aortic valve.

  Congenital LVOT malformations were present in 3 
patients. Two underwent aortic valve interventions 
through aortotomy at the moment of VSD closure, be-
cause of important coronary cusp prolapse or dysplastic 
aortic valve. One patient had an asymmetric tricuspid 
aortic valve.

 Table 1.  Concomitant congenital heart lesions

Congenital heart lesion Patients, n (%)

ASD-type secundum 17 (6.4)
LVOTO 16 (6.0)
PS 15 (5.6)
DCRV 15 (5.6)
Patent ductus arteriosus 9 (3.4)
Aortic coarctation 9 (3.4)
Bicuspid aortic valve 8 (3.0)
CCTGA 2 (0.8)
Ebstein’s anomaly 1 (0.4)
AV septal defect 1 (0.4)

 ASD = Atrial septal defect; CCTGA = congenitally corrected 
transposition of the great arteries; DCRV = double-chambered 
right ventricle; PS = pulmonary stenosis.
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  Fig. 2.  Kaplan-Meier curve of LVOTO-free survival after VSD re-
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  The remaining 4 patients did not have any predispos-
ing LVOT malformations. Three developed membranous 
subvalvular AS with a mean interval of 22 years after VSD 
closure; VSD repair took place by right atriotomy (no 
aortotomy) in 2and the approach in the other one is not 
known. One patient developed valvular AS without 
known etiology.

  The Kaplan-Meier curve of LVOTO-free survival, in 
the presence and absence of congenital LVOT malforma-
tions, is plotted in  figure 2 .

  Seventeen (35%) patients with surgical VSD repair 
evolved to mild and 5 (10%) to moderate or severe AR. 
Analyzing the patients with moderate or severe AR in 
more detail, 3 (60%) had predisposing LVOT malforma-
tions (asymmetric tricuspid aortic valve in 2 and dysplas-
tic aortic valve in 1) and 2 developed LVOTO during fol-
low-up. In 2 (40%) patients, no predisposing LVOT mal-
formations were present.

  Compared to the patients with repaired isolated VSD, 
those with unrepaired VSD had a significantly smaller 
median VSD size, 5 (4–8) versus 8 (8–10) mm (p < 0.001) 
and a significantly smaller median Qp/Qs ratio, 1.3 (1.2–
1.4) versus 1.9 (1.5–2.9) (p < 0.001).

  Development of Moderate or Severe AR in Patients 
with Isolated VSD (Repaired and Unrepaired) 
 A total of 9 (5%) patients with isolated VSD devel-

oped moderate or severe AR, and 6 of these did not have 
predisposing LVOT malformations. Cox regression 
analysis was performed to identify predictors of devel-
opment of moderate or severe AR. Two patients who had 
undergone aortic valve surgery, isolated or together with 
VSD repair, were excluded from this analysis (1 with 
mild AR and 1 with moderate AR during follow-up). A 
total of 171 patients remained, 8 of whom developed 
moderate or severe AR (7 males and 1 female). Median 
age at development of moderate or severe AR was 20 
(IQR 18–27) years. Four cases had undergone surgical 

VSD repair, 2 with suture closure and 2 with patch clo-
sure. Variables studied by the Cox regression analysis 
included gender, the presence of predisposing LVOT 
malformations, VSD repair and mode of surgical repair 
(suture versus patch closure). In univariate and multi-
variate analysis, the only significant predictor of moder-
ate or severe AR was the presence of predisposing LVOT 
malformations ( table 3 ). The Kaplan-Meier curve of AR-
free survival, in the presence and absence of predispos-
ing LVOT malformations, is plotted in  figure 3 . The Ka-
plan-Meier curve of AR-free survival, stratified by gen-
der, is plotted in  figure 4 .

  Outcome in Patients with VSD and Concomitant 
Congenital Heart Lesions 
 A total of 78 patients, 54% male with a median age at 

the latest follow-up of 28 (24–33) years, had concomitant 
congenital heart lesions. At the latest follow-up, 90% of 
the patients functioned in NYHA class I and the remain-
der in NYHA II. No patients developed heart failure or 
died.

 Table 2.  Endocarditis in patients with unrepaired isolated VSD

Gender Age, years Location of vegetation Organism Circumstances

Female 27 TV Streptococcus viridans tooth extraction
Male 25 VSD Streptococcus salivarius –
Female 1 VSD and TV S. viridans acute EBV infection
Male 7/19 VSD and TV S. viridans tooth extraction

 EBV = Epstein-Barr virus; TV = tricuspid valve.

 Table 3.  Cox regression analysis to identify predictors of moderate 
or severe AR development

HR 95% CI p 
value

Univariate analysis
Male gender 6.9 0.9 – 56.2 0.071
Predisposing LVOT malformations 13.6 2.7 – 68.4 0.002
VSD repair 2.6 0.7 – 10.6 0.171
Mode of surgical repair 3.0 0.4 – 21.2 0.274

Multivariate analysis
Male gender 5.2 0.6 – 44.4 0.133
Predisposing LVOT malformations 8.0 1.5 – 41.9 0.013

 CI = Confidence interval; HR = hazard ratio.
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  In the unrepaired group (n = 17), 4 (24%) spontaneous 
closures occurred. Two (12%) patients with unrepaired 
VSD developed endocarditis, at the age of 19 and 21 years. 
One, who developed endocarditis at the right ventricular 
outflow tract, underwent VSD closure after the endocar-
ditis episode. Two (12%) patients required pacemaker 
implantation for high-degree AV-block, at the age of
23 and 45 years, respectively. One of these was known 
with a congenitally corrected transposition of the great 
arteries.

  Sixty-one (78%) patients underwent surgical VSD re-
pair. Median Qp/Qs ratio before closure was 2 (IQR 1.5–
3). Ten (16%) underwent resection of a subaortic mem-
brane during VSD surgery. In 4, LVOTO by a subaortic 
membrane reoccurred, between 6 and 22 years postop-
eratively, implying a recurrence rate of 40% in our
pmVSD population. Two patients developed possible PH 
(TRV 2.96 and 3 m/s) and 1 developed likely PH (TRV 
3.42 m/s) during follow-up after repair. Four (7%) devel-
oped atrial arrhythmia, 1 immediately postoperatively, 1 
at 6 months postoperatively and the remaining 2 at 15 and 

27 years, respectively, after VSD repair. Three of them 
underwent surgical VSD closure by atriotomy. Three 
(5%) patients required pacemaker implantation for high-
degree AV-block, 2 early postoperatively and 1 at the age 
of almost 3 years, at the moment of reintervention for re-
section of a subaortic membrane.

  Outcome in Patients with VSD and Eisenmenger 
Syndrome 
 Fifteen patients (73% female with a mean age at the 

latest follow-up of 44 ± 14 years) with isolated VSD 
evolved to Eisenmenger syndrome. Mean follow-up du-
ration was 10 ± 5 years, meaning that 12 (80%) had al-
ready reached adulthood before their first visit to a uni-
versity center. Six (40%) patients had Down syndrome. 
Mean VSD size was 18 ± 8 mm, which was significantly 
higher than in the group of unrepaired isolated VSD who 
did not develop Eisenmenger syndrome (mean VSD size 
6 ± 3 mm; p = 0.002). 

  At the latest follow-up, 13 (87%) patients functioned 
in NYHA class II, 1 (7%) in NYHA III and 1 (7%) in 
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  Fig. 3.  Kaplan-Meier curve of moderate or severe AR-free survival 
for the entire group of unrepaired and repaired pmVSD, stratified 
by the presence of predisposing LVOT malformations. Follow-up 
time since birth in years. 

  Fig. 4.  Kaplan-Meier curve of moderate or severe AR-free survival 
for the entire group of unrepaired and repaired pmVSD, stratified 
by gender. 
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NYHA IV. Median oxygen saturation by pulse oximetry 
was 82% (76–84%). TTE showed moderate or severe right 
atrial dilatation in 7 (47%) and moderate or severe RV 
dilatation in 9 (60%). Mean TRV was 4.2 ± 0.7 m/s.

  Seven (47%) patients were on selective pulmonary va-
sodilator therapy, 2 (13%) needed long-term oxygen 
treatment and 3 (20%) received iron supplements. Three 
(20%) evolved to advanced right heart failure, 3 suffered 
a stroke and 3 died from end-stage heart failure, at the age 
of 39, 53 and 62 years, respectively. One patient survived 
a ventricular arrhythmia by successful cardiopulmonary 
resuscitation, at the age of 60 years.

  Discussion 

 The patients with isolated pmVSD included in the Bel-
gian Registry on ACHD seem to have a quite good overall 
survival, but not uneventful. Fifteen (6%) developed 
Eisenmenger syndrome, 3 of whom died. In the unre-
paired isolated VSD group, 3% developed endocarditis. 
In the repaired isolated VSD group, the main complica-
tions during follow-up included the development of atri-
al arrhythmia, pacemaker implantation for high-de-
gree AV block and the development of some degree of 
LVOTO, even in the absence of predisposing anatomical 
defects. In the entire isolated VSD group, moderate or 
severe AR developed in 9 (5%) patients. In patients with 
concomitant congenital heart lesions, the event rates of 
endocarditis, atrial arrhythmia development and pace-
maker implantation were higher.

  Survival of the Entire VSD Population 
 No patient with isolated VSD or with concomitant 

congenital heart lesions died. Overall survival has greatly 
improved in the past decades, due to the earlier diagnosis 
of VSD, the advancements in surgical techniques and the 
postoperative care  [1, 10–12] . The mortality rate was low 
in our study compared to 2 other studies  [13, 14] . This 
could partly be explained by the fact that their patients 
were diagnosed or operated on in an earlier era. In one 
study, they were diagnosed between 1958 and 1969, and 
in the other, they underwent VSD surgery between 1968 
and 1980. In our study, patients underwent VSD repair 
between 1971 and 2005. Furthermore, the different mor-
tality rate could also be related to immortal time bias. Im-
mortal time refers to a span of time in the follow-up pe-
riod of a cohort during which the outcome of interest 
(here: death) could not have occurred  [15] . The patients 
had to remain alive until the start of the Belgian Registry 

on ACHD (2005) in order to give their informed consent 
for registry inclusion. This means that patients who died 
before 2005 were not included in the analyses. However, 
our data suggest that the patients who transferred from 
pediatric cardiology to ACHD had good outcomes. This 
validates the treatment strategy in childhood and offers 
more information for professional and health insurance 
issues.

  Three patients with Eisenmenger syndrome died dur-
ing follow-up. The survival of patients with Eisenmenger 
syndrome is known to be reduced compared with the 
general population, although many survive into their 
third or fourth decade  [1] .

  Outcome in Patients with Unrepaired Isolated VSD 
 Fifteen (13%) spontaneous closures occurred. This is 

a rather high percentage compared to the 6% in a fol-
low-up study of 222 patients with VSD  [16] , but similar 
percentages, i.e. 10–15%, have been reported by other 
study groups  [13, 17] . Four (3%) patients developed en-
docarditis, all at the VSD and/or tricuspid valve level, 
which is the most typical location in VSD patients with-
out associated valvular disease. The VSD was not closed 
afterwards in any of the patients. This seems contradic-
tory to current guidelines, stating a class IIa indication 
for VSD closure after infective endocarditis  [1] . A pos-
sible explanation may be that the episodes of endocar-
ditis dated from 1977 to 1996, when more conservative 
management was common. The occurrence of endocar-
ditis reported in other studies varies from 2 to 15%  [16, 
18, 19] . Although these were single-center studies and 
not registry data, they were performed in large tertiary 
university centers, with the number of patients equal to 
or greater than in the registry analysis. The develop-
ment of atrial arrhythmia and high-degree AV block 
were rare.

  Outcome in Patients with Repaired Isolated VSD 
 There were no postoperative deaths in our study 

group. Other studies have reported an early postoperative 
mortality of 0–13% and a late postoperative mortality of 
around 4–5%  [11, 14, 20, 21] . The studies referred to are 
all single-center studies, but were performed in large ter-
tiary university centers, specialized in pediatric and/or 
ACHD, enabling a comparison with our registry data. A 
residual shunt was present in 10 (19%) patients compared 
to other studies which documented this 8–23%  [14, 21] . 
No reoperations for VSD occurred. Two (4%) patients 
developed atrial arrhythmia during follow-up after surgi-
cal VSD closure. The prevalence of atrial arrhythmia after 
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VSD closure reported in the literature varies from 0 to 
23%  [10, 14, 21] . It appears to be more prevalent after 
VSD surgery compared to unrepaired VSD  [16] . This is 
possibly linked to the surgical access via atriotomy. Two 
(4%) patients required pacemaker implantation for high-
degree AV block after surgical VSD repair. Similar num-
bers have been documented by other study groups  [10, 
14] . Only 1 (2%) patient developed PH, confirming that 
early VSD repair successfully prevents progressive pul-
monary vascular disease  [10, 14] .

  LVOTO in Patients after Surgical Repair of Isolated 
VSD 
 Seven (14%) patients presented some degree of

LVOTO during follow-up after surgical VSD repair. 
Associated AR was mostly absent or mild. Predisposing 
congenital LVOT malformations were present in 3 pa-
tients. Three without predisposing LVOT malforma-
tions developed membranous subvalvular AS, with a 
mean of 22 years after VSD closure. Various studies in 
the literature document the development of subvalvular 
AS after surgical VSD repair  [22, 23] , and it is associ-
ated with CHD in 20–50% of the cases reported, mainly 
VSD and aortic coarctation  [22, 24, 25] . Subvalvular AS 
is believed to be acquired over time, presumably sec-
ondary to the altered flow patterns caused by structural 
LVOT abnormalities  [26] . It is sometimes difficult to 
diagnose, but failure to remove a subaortic membrane 
at the time of VSD repair may lead to the progression 
and development of severe subaortic obstruction or the 
development of AR  [23, 27] .

  Development of Moderate or Severe AR in Patients 
with Isolated VSD (Repaired and Unrepaired) 
 Nine (5%) patients developed moderate or severe AR. 

The prevalence of moderate AR during follow-up after 
surgical VSD repair ranges from 2 to 17% in the literature, 
depending mainly on the type of VSD studied and the 
presence or absence of associated aortic valve malforma-
tions and/or surgery  [10, 14, 21, 28] . In unrepaired VSD, 
there is also a wide range of AR development, of between 
2 and 20%  [16] .

  In univariate and multivariate analysis, the only sig-
nificant predictor of moderate or severe AR was the pres-
ence of predisposing LVOT malformations. The presence 
or absence of VSD repair and mode of surgical repair do 
not seem to influence the severity of AR, at least not in the 
limited number of cases studied here. Similar observa-
tions were made by others  [16] . However, some studies 
describe VSD surgery as being associated with a substan-

tial risk of coronary cusp prolapse of the aortic valve, with 
subsequent AR development  [1] . A large (88%), but not 
significant, number of patients with moderate or severe 
AR were male.

  Outcome in Patients with VSD and Concomitant 
Congenital Heart Lesions 
 In patients with concomitant congenital heart lesions, 

the event rates of endocarditis, the development of atrial 
arrhythmia and pacemaker implantation were higher 
than in patients with isolated pmVSD. The recurrence 
rate after surgical resection of a subaortic membrane was 
rather high (40%)  [22] ; these are important findings to 
take into account when following these patients in clinical 
practice.

  Limitations 

 The retrospective and multicenter study design makes 
this study subject to missing data and a lack of manage-
ment uniformity. Furthermore, in the 1970s and 1980s, it 
was common after VSD closure to dismiss patients with 
small isolated VSD from follow-up. Such patients were 
consequently not included in the Belgian Registry, pos-
sibly inducing a selection bias, but they are currently con-
tacted for check-ups. Their data will be compared to the 
data of our study population. Moreover, the catheteriza-
tion and echocardiographic data were not reanalyzed in 
a blinded way but were retrospectively obtained from the 
final study protocols; however, if available, echocardio-
graphic images were retrospectively reviewed. Lastly, the 
mortality rate was low in our study. Different mecha-
nisms may have been involved here, keeping a possible 
immortal time bias in mind.

  Conclusions 

 Overall long-term survival in patients with isolated 
pmVSD seems to be good, but not uneventful. Some pa-
tients developed moderate or severe AR, irrespective of 
VSD repair and 3% without VSD repair developed endo-
carditis. Complications after VSD closure included atrial 
arrhythmia, pacemaker implantation and the develop-
ment of LVOTO, even in the absence of predisposing an-
atomical defects.
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