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Behavior of Unrepaired Perimembranous Ventricular Septal
Defect in Young Adults

Veerle Soufflet, MD, Alexander Van de Bruaene, MD, Els Troost, MD, Marc Gewillig, MD, PhD,
Philip Moons, Nsc, PhD, Martijn C. Post, MD, PhD, and Werner Budts, MD, PhD*

The number of adolescents and young adults with congenital heart defects, including
ventricular septal defect (VSD), increases continuously. We evaluated the mid-term out-
come of small and unclosed perimembranous VSDs (pmVSDs). All patients with a known
unrepaired pmVSD at 16 years of age were selected from our database. The clinical,
electrocardiographic, and echocardiographic changes between baseline and the latest fol-
low-up examination were compared. A total of 220 patients (119 males, median age 18
years, interquartile range 7) could be included. During a median follow-up of 6 years
(interquartile range 4, range 38), 2 patients died (1%; 1 from sudden death and 1 from
end-stage heart failure). Endocarditis occurred in 8 patients (4%). One patient required
pacemaker implantation (0.5%) and one required implantable cardioverter-defibrillator
implantation (1%). Fifteen patients (7%) required a closing procedure. In 8 patients (4%),
the pmVSD closed spontaneously. In the remaining 203 patients (93%), the QRS morphol-
ogy changed in 5% and 1% lost sinus rhythm (p � 0.0001 and p � 0.015, respectively). The
left ventricular ejection fraction and stroke volume index increased from 62 � 7% to 67 �
8% and from 41 � 11 to 44 � 15 ml/m2 (p � 0.0001 and p � 0.035, respectively), the
end-systolic diameter decreased, and the end-diastolic diameter did not change. Finally,
patients with an open pmVSD developed more pulmonary arterial hypertension during
follow-up (from 3% to 9%, p � 0.002). In conclusion, mid-term follow-up of adolescents
and young adults with a small and unrepaired pmVSD was not uneventful. Some patients
required intervention, but in others, spontaneous closure occurred. Electrocardiographic
and structural changes were noticed, for which the clinical significance needs to be

determined. © 2010 Elsevier Inc. All rights reserved. (Am J Cardiol 2010;105:404–407)
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Perimembranous ventricular septal defects (pmVSDs),
hich include about 70% to 80% of all VSDs, involve the
embranous septum and the adjacent area of the muscular

eptum. Spontaneous and functional closure might occur
hen the septal leaflet of the tricuspid valve covers the
efect. Muscular VSDs are present in 15% of the cases, and
/2 of them close spontaneously by muscular in-growth.
he rare, doubly committed, VSDs, which account for 5%
f all VSDs, might also close spontaneously when the right
oronary cusp prolapses into the defect. Small VSDs with-
ut any hemodynamic repercussion are usually treated con-
ervatively and remain unrepaired. The long-term results of
his policy are undetermined. It is unknown whether these
atients have a normal life expectancy. However, such in-
ormation might be critically important with regard to future
atients’ employability and insurability. The objective of
he present study was to determine the evolution and mid-
erm outcome of young adults with a perimembranous VSD
pmVSD) that was still open at 16 years of age.
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ethods

All patients, registered with an unrepaired pmVSD at 16
ears of age, were selected from our database of pediatric and
ongenital cardiology. It contains �20,000 patients with con-
enital heart defects. Of these patients, 7,000 are �16 years
ld. Our department of pediatric and congenital cardiology
early performs �300 interventional catheterizations, and
200 patients are referred to the congenital cardiac surgeon.
nly restrictive VSDs were allowed to be included. All pa-

ients in whom the pmVSD was unrepaired at 16 years of age
ere suggested to have a pulmonary output/systemic output

Qp/Qs) ratio of �1.5:1. Patients in whom the VSD closed
pontaneously or was closed surgically before 16 years of age
nd patients who had associated complex congenital anomalies
ere not included in the present study. The institutional ethics

ommittee of the hospital approved the study protocol.
The patient files were primarily reviewed for demo-

raphic data and events after the age of 16 years. The events
ere defined as death, spontaneous VSD closure, surgical
SD closure, percutaneous VSD closure, the occurrence of

ndocarditis, implantation of a pacemaker or implantable
ardioverter-defibrillator.

Secondarily, the electrocardiographic and transthoracic
chocardiographic data were collected. We looked for heart
ate, atrioventricular conduction time, QRS duration, type of
RS morphology, and type of rhythm (sinus rhythm or not).

he left ventricular ejection fraction (obtained by M-mode and
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405Congenital Heart Disease/VSD and Outcome
he Teichholz formula), left ventricular diameters (obtained by
-mode through a parasternal long-axis view) and volumes

automatically calculated by the software of the echocardio-
raphic machine from the M-mode data), stroke volume, valve
unction, and pulmonary hypertension (defined as a pulmonary
cceleration time of �100 ms on pulsed wave Doppler or a
ricuspid valve regurgitation velocity of �30 mm Hg) were
ssessed.

Continuous variables are reported as the mean � SD. If a
on-normal distribution was present, the data were plotted as
he median and interquartile range (IQR). Proportions are re-
orted as the numbers and percentages. Continuous variables
nd the proportions between baseline and the latest follow-up
ere compared using the paired t test and Fischer’s exact test
r chi-square test, respectively. The patient outcome is dis-
layed using a Kaplan-Meier survival curve. p values �0.05
ere considered statistically significant. All statistical analyses
ere performed using Statistical Package for Social Sciences,

or Windows, version 16 (SPSS, Chicago, Illinois).

esults

A total of 220 patients were included in the present
tudy. The median age at inclusion was 18 years (IQR 7).

able 1
atient characteristics at inclusion and latest follow-up

ariable At Inclusion
(n � 220)

At Latest
Follow-Up
(n � 220)

ender
Male 119 119
Female 101 101
ge (years)
Median 18 27
Interquartile range 7 11
ength (cm) 170 � 11 171 � 11
eight (kg) 66 � 13 71 � 14

ody surface area (m2) 1.76 � 0.21 1.83 � 0.22
ystolic blood pressure (mm Hg) 125 � 15 127 � 16
iastolic blood pressure (mm Hg) 76 � 10 76 � 11
own syndrome 2%
chocardiographic data
Bicuspid aortic valve 1%
Aortic valve prolapse 2%
Subaortic stenosis 1%
Mild mitral valve prolapse 1%
Mild double chambered right ventricle 1%
emodynamic data (n � 71*)
Right atrium (mm Hg) 4 � 3
Systolic pulmonary artery pressure

(mm Hg)
24 � 9

Diastolic pulmonary artery pressure
(mm Hg)

8 � 5

Mean pulmonary artery pressure (mm Hg) 15 � 6
Wedge pressure (mm Hg) 9 � 3
Pulmonary cardiac output/systemic cardiac

output ratio
1.2 � 0.2

Data are presented as mean � SD, unless otherwise noted.
* 166 patients underwent right heart catheterization, of whom 71 had

ata electronically available for review.
he patients (119 males, male/female ratio 1.18:1) were t
ollowed for a median of 6 years (IQR 4, range 38). At the end
f the study, the median age of the study cohort was 27 years
IQR 11). The demographic clinical, echocardiographic, and
emodynamic characteristics are summarized in Table 1.

Two patients (1%) died during the follow-up period. One
atient, with congestive cardiomyopathy before closure,
ied suddenly 8 months after successful percutaneous VSD
losure, with ventricular fibrillation the most likely cause of
eath. The second patient, with Down syndrome and conges-
ive cardiomyopathy, died from end-stage heart failure. In 15
atients (7%), the VSD was closed (8 surgically and 7 percu-
aneously) because of progressive volume overload. The defect
losed spontaneously in 8 patients (4%). The corresponding
aplan-Meier curves are plotted in Figures 1 and 2. Endocar-
itis occurred in 8 cases (4%). All 8 cases were cured with
ntibiotics, and surgical intervention was not needed.

In 203 patients, the defect remained unclosed. Of these
atients, 93% were in sinus rhythm at inclusion. During
ollow-up, 1 patient required pacemaker implantation be-
ause of atrioventricular block, and 1 developed a junctional
trioventricular rhythm. An automatic implantable cardio-
erter-defibrillator was implanted in 1 patient who survived
entricular fibrillation. At inclusion, 77% of the patients had
ormal QRS morphology. The remaining 25% were charac-

igure 1. Kaplan-Meier curve of event-free survival, with event defined as
urgical or interventional VSD closure.

igure 2. Kaplan-Meier curve of event-free survival, with event defined as
pontaneous VSD closure.
erized by left or right bundle branch block or left or right
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emiblock or had signs of left or right ventricular hypertrophy.
he electrocardiographic changes are summarized in Table 2.

The echocardiographic changes in the group of patients
ith a VSD that did not close spontaneously are also sum-
arized in Table 2. In a subgroup analysis, we found that

hose patients in whom the VSD did not close spontane-
usly and who had a increase in the end-systolic diameter
40%), the end-diastolic diameter and stroke volume index

able 2
hanges in electrocardiographic and echocardiographic variables in
atients without spontaneous ventricular septal defect (VSD) closure
n � 203)

ariable At
Inclusion
(n � 203)

At Latest
Follow-Up
(n � 203)

p Value

lectrocardiographic
Heart rate (beats/min) 71 � 16 69 � 14 0.187*
Atrioventricular conduction

time (ms)
144 � 22 146 � 24 0.199*

QRS duration (ms) 94 � 14 98 � 16 0.004*
Prevalence sinus rhythm 99% 98% 0.015†

Prevalence normal QRS
morphology

77% 72% 0.0001†

chocardiographic
Left ventricle end-diastolic

diameter (mm)
49 � 5 49 � 7 0.348*

Left ventricle end-systolic
diameter (mm)

35 � 5 34 � 6 0.003*

Left ventricle end-diastolic
volume index (ml/m2)

65 � 19 66 � 24 0.691*

Left ventricle end-systolic
volume index (ml/m2)

25 � 10 22 � 11 0.017*

Left ventricle ejection
fraction (%)

62 � 7 67 � 8 0.0001*

Stroke volume index (ml/m2) 41 � 11 44 � 15 0.035*
Prevalence degree mitral

valve regurgitation (x/4)
0.0001‡

0 67% 38%
1 26% 50%
2 4% 8%
3 3% 2%
4 0% 1%

Prevalence degree aortic
valve regurgitation (x/4)

0.0001‡

0 84% 74%
1 15% 23%
2 1% 3%
3 0% 0%
4 0% 0%

Prevalence degree tricuspid
valve regurgitation (x/4)

0.0001‡

0 30% 10%
1 64% 78%
2 4% 9%
3 2% 3%
4 0% 0%

Prevalence pulmonary
arterial hypertension

3% 9% 0.002†

Data are presented as mean � SD or percentages.
* Paired t test.
† Fisher’s exact test.
‡ Chi-square test.
ncreased more than in those patients with a decrease in u
nd-systolic diameter (60%), who were able to maintain the
ame stroke volume index (Table 3).

iscussion

We found that the course of patients with an unclosed
nd small pmVSD at the age of 16 years was not uneventful.
lthough the pmVSD closed spontaneously in some pa-

ients, others required surgical or interventional repair at
ater follow-up. Moreover, patients with persistent open
mVSD during follow-up developed significant echocardio-
raphic and electrophysiologic changes.

We observed spontaneous pmVSD closure in 4% of our
atients �16 years. Of all VSDs 11% to 70.8% close spon-
aneously during infancy.1 This broad variation in closing
ates is mainly related to the different types of VSDs.
pontaneous closure occurs more frequently in patients with
uscular VSDs than in patients with pmVSDs.2 Progressive
uscularization of the left ventricle is considered the un-

erlying mechanism of muscular VSD closure, independent
f the localization of the defect.3 The mechanism of spon-
aneous pmVSD closure is less well understood. However,
he presence of a ventricular septal aneurysm (VSA) has
een considered an early mechanism of closure.4 It has been
ypothesized that the septal leaflet of the tricuspid valve
overs the defect and might explain why VSDs with a left
entricle to right atrium shunt close less frequently.5 How-
ver, other mechanisms leading to spontaneous closure or a
eduction in the size of the defect, such as prolapse of an
ortic valve cusp into the VSD, have also been described.
inally, the underlying mechanism for the lower closure
ates that have been reported in patients with congestive
eart failure remains undetermined.6 Spontaneous closure
f VSDs during adolescence or adulthood has been de-
cribed.7,8 However, these reports were a combination of
uscular, perimembranous, and doubly committed VSDs.
herefore, the incidence of spontaneous closure for each

ype of defect has been more difficult to delineate, compared
o the rate in our study in which only pmVSDs without
ssociated anomalies were investigated.

Two patients died during the follow-up period. Both had

able 3
hanges in left ventricle end-systolic diameter, left ventricle end-
iastolic diameter, and stroke volume index between patients with
ecrease or increase in end-systolic diameter during follow-up

hange At Inclusion At Latest
Follow-Up

ncrease in left ventricle end-diastolic
diameter (40% of cases)

Left ventricle end-diastolic diameter (mm) 34 � 5* 37 � 5†

Left ventricle end-systolic diameter (mm) 48 � 5 51 � 6‡

Stroke volume index (ml/m2) 42 � 13 49 � 16*
ecrease in left ventricle end-diastolic

diameter (60% of cases)
Left ventricle end-diastolic diameter (mm) 36 � 5 32 � 5
Left ventricle end-systolic diameter (mm) 49 � 5 48 � 7
Stroke volume index (ml/m2) 40 � 11 42 � 15

* p �0.05; †p �0.0001; ‡p �0.001 vs corresponding variable in de-
rease in LVESD.
nderlying intrinsic cardiomyopathy. Whether VSD is as-
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407Congenital Heart Disease/VSD and Outcome
ociated with intrinsic cardiomyopathy remains a question.
owever, a large, but older, study of patients with conge-
ital VSD, in which a survival rate of 87% was reported at
5 years follow-up, showed an increased risk of severe
rrhythmia and sudden death, even among patients with
mall defects.9 A “ventricular septal defect cardiomyopa-
hy” was already postulated by Bloomfield10 in 1964.
loomfield suggested an increased susceptibility to left ven-

ricular disease; the defective septum was postulated to be
nable to make its normal contribution to contraction, in-
reasing the strain on the lateral wall and thus facilitating
he development of ventricular disease. Others believe a
ong-standing VSD can lead to disturbed systolic function
nd a decrease of compliance of both ventricles by way of
hronic pressure and volume overload. All of this could
xplain why a reduced left ventricular function with exer-
ise and a subnormal working capacity could be found even
n patients with small VSDs.8 The patients who died during
ur study and who required implantable cardioverter-defi-
rillator implantation suggest that in our patient cohort, the
athophysiology was not limited to a structural septal de-
ect. Endocarditis occurred in 4% of our patients.

Although some investigators could not find differences
n left ventricular function in patients with a restrictive VSD
ompared to patients without echocardiographic anoma-
ies,11 we found that, in our patients with persistent pmVSD,
he left ventricular ejection fraction and stroke volume in-
reased with time, but the end-systolic diameter decreased
nd the end-diastolic diameter did not change. From these
ndings and the subanalysis we performed, we hypothe-
ized that in the early phase, the stroke volumes are main-
ained by decreasing the end-systolic volume without
hanging the end-diastolic volume. When volume overload
ersists and is not more tolerated, the end-diastolic diameter
egins to enlarge, which is an indication for late repair. The
atter was needed in 7% of our patients, although they
nitially had a Qp/Qs ratio of �1.5:1. In addition, more
alvular regurgitation occurred. Tricuspid valve regurgita-
ion was more often found at later follow-up. Some people
elieve that a microscopically imperfect tricuspid valve,
ven in a healthy person, could partially explain the high
ncidence of tricuspid valve regurgitation in patients with
mVSD.12 Others have attributed tricuspid valve regurgita-
ion to VSA formation and distortion of the septal and
nterior leaflets.5 In our study, the development of aortic
alve regurgitation was not uncommon. Aortic valve pro-
apse occurs in patients with pmVSD and frequently leads to
ortic valve regurgitation.2 This valve insufficiency might
volve, warranting surgical intervention.13 However, none
f our patients needed this surgical repair. It might be that
he defects were too small to allow prolapse leading to
evere valve regurgitation to occur.

Finally, the prevalence of pulmonary arterial hyperten-
ion was greater at the latest follow-up examination in
atients without spontaneous VSD closure. The latter sug-
ests that in addition to the volume overload of the left
entricle, pressure overload might not be underestimated.

The study had limitations. First, the study was retrospec-
ive with the risk of missing data. However, patients without

SD closure during childhood were systematically fol-
owed in the pediatric cardiology department, with the ad-
antage that �90% of the follow-up data were complete.
econd, the study was a single-center study, which implies
referral and selection bias. However, owing to the health-

are organization in Belgium, almost all children with a
SD are referred to a tertiary care center. Our hospital is 1
f the 2 main referral centers for congenital heart disease in
he Flemish speaking part of Belgium; thus, the risk of data
ispersion was low. Third, subanalysis of the data was not
lways possible because of low statistical power. However,
he group of patients in whom the pmVSD remained open
as large enough to perform adequate statistical analysis.
ourth, we could not study the predictors of spontaneous
losure, the occurrence of endocarditis, or the loss of sinus
hythm by Cox regression analysis. We anticipated that the
ow number of events would not allow us to perform rele-
ant statistical analysis. Thus, the presence of VSA was not
ccounted for in our analysis. Finally, the calculation of the left
entricle ejection fraction and left ventricular volumes was
etermined by data obtained by M-mode echocardiography.
lthough the latter was not ideal for volume calculations, we

ssumed that no regional left ventricle hypokinesia was present
nd that the ventricle was symmetrically contracting.

1. Eroglu AG, Oztunc F, Saltik L, Bakari S, Dedeoglu S, Ahunbay G.
Evolution of ventricular septal defect with special reference to spon-
taneous closure rate, subaortic ridge and aortic valve prolapse. Pediatr
Cardiol 2003;24:31–35.

2. Eapen RS, Lemler MS, Scott WA, Ramaciotti C. Echocardiographic
characteristics of perimembranous ventricular septal defects associated
with aortic regurgitation. J Am Soc Echocardiogr 2003;16:209–213.

3. Ramaciotti C, Vetter JM, Bornemeier RA, Chin AJ. Prevalence, relation
to spontaneous closure, and association of muscular ventricular septal
defects with other cardiac defects. Am J Cardiol 1995;75:61–65.

4. Ramaciotti C, Keren A, Silverman NH. Importance of (perimembranous)
ventricular septal aneurysm in the natural history of isolated perimembra-
nous ventricular septal defect. Am J Cardiol 1986;57:268–272.

5. Weng KP, Huang SH, Lin CC, Huang SM, Chien KJ, Ger LP, Hsieh
KS. Reappraisal of left ventricular to right atrial (LV-RA) shunt in
pediatric patients with isolated perimembranous ventricular septal de-
fect. Circ J 2008;72:1487–1491.

6. Miyake T, Shinohara T, Nakamura Y, Fukuda T, Tasato H, Toyohara
K, Tanihira Y. Spontaneous closure of ventricular septal defects fol-
lowed up from �3 months of age. Pediatr Int 2004;46:135–140.

7. Onat T, Ahunbay G, Batmaz G, Celebi A. The natural course of
isolated ventricular septal defect during adolescence. Pediatr Cardiol
1998;19:230–234.

8. Neumayer U, Stone S, Somerville J. Small ventricular septal defects in
adults. Eur Heart J 1998;19:1573–1582.

9. Kidd L, Driscoll DJ, Gersony WM, Hayes CJ, Keane JF, O’Fallon
WM, Pieroni DR, Wolfe RR, Weidman WH. Second natural history
study of congenital heart defects: results of treatment of patients with
ventricular septal defects. Circulation 1993;87:I38–I51.

0. Bloomfield DK. The natural history of ventricular septal defect in
patients surviving infancy. Circulation 1964;29:914–955.

1. Magee AG, Fenn L, Vellekoop J, Godman MJ. Left ventricular func-
tion in adolescents and adults with restrictive ventricular septal defect
and moderate left-to-right shunting. Cardiol Young 2000;10:126–129.

2. Rosenquist GC, Sweeney LJ. Normal variations in tricuspid valve
attachments to the membranous ventricular septum: a clue to the
etiology of left ventricle-to-right atrial communication. Am Heart J
1975;89:186–188.

3. Eroglu AG, Oztunc F, Saltik L, Dedeoglu S, Bakari S, Ahunbay G.
Aortic valve prolapse and aortic regurgitation in patients with ventric-

ular septal defect. Pediatr Cardiol 2003;24:36–39.


	Behavior of Unrepaired Perimembranous Ventricular Septal Defect in Young Adults
	Methods
	Results
	Discussion
	References


