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ORIGINAL RESEARCH

Lifetime Burden of Morbidity in Patients 
With Isolated Congenital Ventricular Septal 
Defect
Filip Eckerström , MD, PhD; Camilla Nyboe , MD, PhD, DMSc; Andrew Redington, MD;  
Vibeke Elisabeth Hjortdal , MD, PhD, DMSc

BACKGROUND: The lifetime burden of morbidity in patients with isolated congenital ventricular septal defect (VSD) is not  
completely described.

METHODS AND RESULTS: In a population-based cohort study in Denmark using nationwide medical registries, we included 8006 
patients diagnosed with a congenital VSD before 2018 along with 79 568 randomly selected controls from the general Danish 
population matched by birth year and sex. Concomitant congenital cardiac malformations and chromosomal abnormalities 
were excluded. Cox proportional hazard regression, Fine and Gray competing risk regression, and Kaplan-Meier survival func-
tion were used to estimate burden of morbidity, compared with matched controls. Median follow-up was 23 years (interquartile 
range, 11–37 years). The hazard ratio (HR) of heart failure was high in both patients with unrepaired and surgically closed VSD 
when compared with their corresponding matched controls (5.4 [95% CI, 4.6–6.3] and 30.5 [95% CI, 21.8–42.7], respectively). 
Truncated analyses with time from birth until 1 year after VSD diagnosis (unrepaired) or surgery (surgically closed) censored 
revealed reduced but persisting late hazard of heart failure. Similarly, the late hazard of arrhythmias and pulmonary arterial 
hypertension was high irrespective of defect closure. The HR of endocarditis was 28.0 (95% CI, 19.2–40.9) in patients with 
unrepaired defect and 82.7 (95% CI, 37.5–183.2) in patients with surgically closed defect. The increased HR diminished after 
VSD surgery. In general, the incidence of morbidity among patients with unrepaired VSD accelerated after the age of 40 years.

CONCLUSIONS: Patients with isolated congenital VSD carry a substantial burden of cardiovascular morbidity throughout life, 
irrespective of defect closure.
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The most common congenital heart disease, the 
ventricular septal defect (VSD), is most often di-
agnosed, and treated when indicated, within the 

first years of life. VSD is often classified as a “simple” 
lesion and, for decades, the assumption has been that 
it is associated with few, if any, long-term risks if treated 
correctly in childhood. However, in recent years, new 
evidence suggests that this assumption may be 
flawed. Clinical follow-up studies on patients with VSD 
with either a surgically closed or an unrepaired defect 
have reported a nonnegligible incidence of ventricular 

dysfunction,1–6 a greater than anticipated incidence of 
infective endocarditis,1,3,5,7–9 pulmonary arterial hyper-
tension,10–12 and arrhythmias.1,2,4–6 The latest guidelines 
for managing patients with congenital VSD have there-
fore changed, now recommending routine follow-up 
of both symptomatic and asymptomatic patients.13,14 
Most recently, we demonstrated reduced survival in 
patients with operated and unoperated VSD,15 and 
this suggests there may also be a significant burden 
of morbidity. In this population-based cohort study, we 
aimed to investigate the burden of morbidity in patients 
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with VSD, compared with the general Danish popula-
tion, using nationwide medical registries.

METHODS
Ethical Approval
The study was approved by The Danish Data Protection 
Agency (no. 1-16-02-184-19). Informed consent from 
included patients and controls was not required as the 
delivered data were made anonymous by replacing the 
personal identification number with a randomly selected 
code by Denmark Statistics. The data underlying this ar-
ticle cannot be shared publicly in accordance with the 
directive from the central authority of Statistics Denmark.

Study Population and Design
This is an epidemiological study based on data from 
nationwide medical registries in Denmark. Denmark, 
with a population of ≈5.8 million, has government-
funded universal health care that is free of charge and 
equally accessible for all citizens. This accounts for all 
categories of health care, including all medical care for 
patients with congenital heart disease. Up until 2016, 
surgical and transcatheter treatment of patients with 
congenital heart disease was performed in 2 of 5 pub-
lic university hospitals with highly specialized cardiac 
teams, as no private hospitals are allowed to manage 
these patients. Since 2016, surgical and transcatheter 
treatments for congenital heart disease have been 
centralized to Copenhagen University Hospital. Data 
from hospital care are collected in nationwide medi-
cal registries linked to a unique personal identification 
number provided for all citizens since 1968. Every in-
patient and outpatient hospital contact is registered 
with the personal identification number, generating 
individual-level linkage of extensive networks of longi-
tudinal population-based registries covering the entire 
nation.

Data were obtained from the Danish Civil 
Registration System16 and the Danish National Patient 
Registry (DNPR).17 From the Danish Civil Registration 
System, we extracted data on date of birth, sex, and 
date of death.16 From the DNPR, we extracted morbid-
ity data using International Classification of Diseases 
Eighth and Tenth Revision (ICD-8; ICD-10) diagnoses, 
covering both inpatient and outpatient diagnoses, date 
of admission and discharge, as well as surgical pro-
cedures.17 The Danish Civil Registration System was 
established in 1968, and the DNPR was established in 
1977, with data updated every year as it is mandatory 
for all public and private hospitals to provide data to the 
register.17 Patients (n=6) and controls (n=2) who died 
before 1968 were excluded as dates of death were 
missing. Data from the hospitals are reviewed by the 
DNPR for missing codes, wrong digits, and inaccura-
cies in personal identification numbers, and corrected 
if necessary.

The cohort of patients with VSD was identified 
using ICD-8 (code 746.39) and ICD-10 (code DQ21.0) 
in the DNPR (from 1977 to 2018). This cohort was 
supplemented by patients with VSD (n=593) identi-
fied before the introduction of the DNPR (before 1977) 
and described elsewhere.18 Patients with coexisting 
congenital cardiac malformation or chromosomal 
abnormalities were excluded. All patients diagnosed 
with an acute myocardial infarction in ICD-8 or ICD-
10 before their VSD diagnosis were excluded to 
prevent including misclassified individuals with post-
infarction VSD. The cohort of patients with surgically 
closed defects was defined as patients with VSD 

CLINICAL PERSPECTIVE

What Is New?
•	 Patients with isolated congenital ventricular 

septal defect (VSD) revealed a hitherto uncon-
templated burden of cardiovascular morbidity.

•	 The incidence of cardiovascular morbidity was 
substantially higher in patients with isolated 
congenital VSD, irrespective of defect closure, 
compared with the general Danish population, 
and accelerated after the fourth decade of life.

•	 Compared with the general Danish population, 
the hazard ratio of arrhythmia, heart failure, 
infectious endocarditis, and pulmonary arte-
rial hypertension in patients with VSD, whether 
closed or not, was higher than anticipated and 
persisted even when time from birth until 1 year 
after VSD diagnosis or surgery was censored, 
except for infectious endocarditis, which dimin-
ished after surgery.

What Are the Clinical Implications?
•	 The longer-term outcome for patients with 

isolated congenital VSD is not without 
complications.

•	 Patients with unrepaired VSD need to be fol-
lowed up regularly after their fourth decade of 
life, whereas those with surgically closed VSD 
probably benefit from regular follow-up in spe-
cialized adult congenital heart disease clinics 
throughout life.

•	 Understanding the increased burden of morbidity 
and potentially modifying the lifetime risk for pa-
tients with VSD requires both diligent longitudinal 
follow-up and focused research in the future.

Nonstandard Abbreviations and Acronyms

DNPR	 Danish National Patient Registry
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who at any given time had received defect closure by 
suture, patch, or transcatheter closure. ICD codes 
used to identify intervention are outlined in Table S1.

To compare risk of morbidity in the population with 
VSD with the general Danish population, the Danish 
Civil Registration System was used to identify 10 con-
trols per patient, matched by year of birth and sex. The 
controls were included so they did not have congenital 
heart disease and were alive at the date of VSD diag-
nosis for each patient.

Morbidity
Morbidity data included diagnosis of arrhythmia, arte-
rial hypertension, ischemic cerebrovascular disease, 
chronic pulmonary disease, diabetes, infectious en-
docarditis, heart failure, ischemic heart disease, and 
pulmonary arterial hypertension. For each morbidity, 
the first date of diagnosis was collected. Event-free 
survival was defined as survival free from any of follow-
ing: arrhythmia, infectious endocarditis, heart failure, 
pulmonary arterial hypertension, or death. The com-
plete list of codes used for each morbidity according 
to ICD-8 and ICD-10 is presented in Table S2. Table S3 
provides information on register coverage and validity 
of diagnoses.

Statistical Analysis
Follow-up started at time of birth (the index date) 
and continued until event, death, or end of follow-up 
(December 31, 2018), whichever came first.

Continuous data were described by median with 
interquartile range (IQR). The incidence rates were 
reported as the number of events per 10 000 person-
years, computed as the number of events divided by 
the total follow-up time of the population. Cox propor-
tional hazard regression model was used to compute 
hazard ratios (HRs) for morbidity with risk beginning 
at time of birth, underlying timescale being age in 
years, and compared with corresponding matched 
controls. Estimates of HRs were stratified by defect 
treatment. For the cohort of patients with unrepaired 
and surgically closed VSD, supplemental analyses 
with truncation were performed for arrhythmias, 
heart failure, infectious endocarditis, and pulmonary 
arterial hypertension, with risk starting 1 year after 
VSD diagnosis (patients with unrepaired defect) or 
VSD surgery (patients with surgically closed defect), 
underlying timescale being years since diagnosis 
(patients with unrepaired defect) or closure (patients 
with surgically closed defect), and compared with re-
spective cohorts of matched controls. Patients (and 
their matched controls) were censored from the trun-
cated analyses if they had developed any of the 4 
above-mentioned morbidities before the truncation 
date (in the period from birth until truncation date). 

Kaplan-Meier failure function was used to compute 
death rate. Event-free survival was computed using 
Kaplan-Meier survival analysis with risk starting at 
birth for overall estimates and risk starting at 1 year 
after VSD diagnosis or surgery for the truncated 
estimates. Fine and Gray competing risk regression 
analysis19 was used to estimate cumulative incidence 
of morbidity among patients, with age as underlying 
timescale and death as competing risk. The assump-
tion of proportionality for Cox proportional hazard re-
gression model and Fine and Gray competing risk 
regression analysis was verified graphically by log-
minus-log plots. P<0.001 was considered statistically 
significant.

Analyses were performed using STATA 16.1 
(StataCorp LP, College Station, TX).

RESULTS
We identified 13 738 patients diagnosed with VSD in 
Denmark. Of the total cohort, 4967 (36%) patients 
were excluded because of coexisting cardiac malfor-
mation, as defined above, and 523 (6%) patients were 
subsequently excluded because of chromosomal ab-
normalities. Last, 242 (3%) patients were excluded as 
they met the criteria for postinfarction VSD. The final 
cohort consisted of 8006 patients with a congenital 
VSD and 79 956 controls.

Study Population
Median age at time of VSD diagnosis was 117 days 
(IQR, 11 days–6.0 years) for the total patient cohort, 
where the majority (58%) were diagnosed within first 
year of life. Demographics of the study population are 
presented in Table 1. Surgical closure was performed 
in 682 (8.5%) patients with VSD, of whom 8 patients 
(1.2%) were closed by percutaneous transcatheter de-
vice. Eisenmenger syndrome was identified in 20 pa-
tients, of whom 18 had an unrepaired defect during 
follow-up, with the majority (70%) receiving their VSD 
diagnosis before 1990. During follow-up, 518 (6.4%) 
patients (465 unrepaired and 53 surgically closed) and 
2475 (3.1%) controls died.

Morbidity
Overall, patients with VSD had a higher HR of morbid-
ity and a lower event-free survival compared with their 
matched controls.

The overall HR of heart failure in the total cohort of 
patients with VSD was 7.4 (95% CI, 6.5–8.5) compared 
with the total cohort of matched controls. Stratified 
by treatment, both patients with unrepaired VSD and 
patients with surgically closed VSD displayed higher 
HR for heart failure when compared with their corre-
sponding matched controls, demonstrated in Table 2. 
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The HR did not normalize in either subgroup when 
estimates were truncated at 1 year after surgery or 
diagnosis; data are presented in Table 3. Adjusted for 
atrial fibrillation, the HR for heart failure in unrepaired 
patients was 4.3 (95% CI, 3.6–5.0), and it was 27.7 
(95% CI, 19.6–40.0) in surgically closed patients. The 
HR of heart failure 1 year after surgery in patients in 
whom defect closure was performed through a right 
atriotomy (n=353) was 0.8 (95% CI, 0.1–5.9). Median 
age at surgical closure for this subpopulation was 
237 days (IQR, 109 days–2.3 years), and median age at 
end of follow-up was 11.4 years (IQR, 5.2–18.8 years).

The HR of arrhythmias in the total cohort of patients 
with VSD was 3.6 (95% CI, 3.1–4.0) compared with the 
cohort of matched controls. The HRs stratified by VSD 
treatment are presented in Table  2. The HR of atrial 
fibrillation or atrial flutter was 3.7 (95% CI, 3.1–4.3) for 
patients with unrepaired VSD, and it was 7.2 (95% CI, 
4.7–11.1) for patients with surgically closed VSD, com-
pared with the matched controls.

The HR for infectious endocarditis was 35.4 (95% 
CI, 25.3–49.5) in the total cohort of patients with 
VSD. Both patients with unrepaired and patients 
with surgically closed VSD displayed high HR for the 
condition when compared with their corresponding 
matched controls (Table  2). Truncated analyses of 
the HR at 1 year after diagnosis or surgery showed 
the HR persisted in patients with unrepaired VSD, 
whereas it diminished in patients with surgically 
closed VSD.

The HR of pulmonary arterial hypertension in the 
total cohort of patients with VSD was 13.4 (95% CI, 
9.5–19.0) compared with the matched controls. The 
HR of pulmonary arterial hypertension was high in 
both patients with unrepaired defects and patients 
with closed defects (Table  2). Truncated analyses 1 
year after surgery or diagnosis revealed that also a late 
hazard of the condition exists (Table 3). Censoring time 
from birth until truncation date, 5 patients with surgi-
cally closed and 24 patients with unrepaired VSD de-
veloped pulmonary arterial hypertension. Median age 
at time of pulmonary arterial hypertension diagnosis for 

the latter group was 61 years (IQR, 45–76 years). These 
24 patients had a median age at time of VSD diagnosis 
of 50 years (IQR, 24–64 years).

Patients with surgically closed VSD was not at in-
creased risk in terms of HR of cerebrovascular events 
when compared with their matched controls, which, 
however, was the case for patients with unrepaired 
VSD. HRs and incidence rates for arterial hypertension, 
cerebrovascular disease, chronic pulmonary disease, 
diabetes, and ischemic heart disease are presented in 
Table 2. Cumulative incidence for each morbidity strat-
ified by treatment is graphically illustrated in Figure 1, 
and the cumulative incidence of death stratified by 
treatment is illustrated in Figure 2.

The overall event-free survival for patients with un-
repaired defects was 94% (95% CI, 94%–95%), 91% 
(95% CI, 90%–92%), 83% (95% CI, 82%–85%), 69% 
(95% CI, 66%–72%), and 48% (95% CI, 44%–52%) 
at 30, 40, 50, 60, and 70 years of age, respectively. 
Corresponding estimates for patients with surgically 
closed defect were 75% (95% CI, 71%–78%), 65% 
(95% CI, 60%–70%), 53% (95% CI, 46%–60%), 33% 
(95% CI, 23%–43%), and 19% (95% CI, 9.4%–30%). 
The cohorts of matched controls for the 2 patient 
groups had an event-free survival of 98% (95% CI, 
98%–98%) and 97% (95% CI, 96%–98%) at 40 years 
of age and 90% (95% CI, 89%–91%) and 86% (95% CI, 
84%–88%) at 60 years of age, respectively. Data are 
graphically illustrated in Figure 3A. Event-free survival 
truncated at 1 year after either VSD diagnosis (patients 
with unrepaired defect) or VSD closure (patients with 
surgically closed defect) is demonstrated in Figure 3B. 
Event-free survival truncated at 1 year after VSD di-
agnosis for patients with unrepaired defect was 97% 
(95% CI: 96-97) and 93% (95% CI: 91-94) at 20- and 
40-years of follow-up, respectively. Corresponding es-
timates for patients with surgically closed VSD 1 year 
after defect closure was 95% (95% CI: 92-97) and 88% 
(95% CI: 82-92). The matched controls displayed an 
event-free survival of 96% (95% CI: 96-97) at 40-years 
of follow-up. Event-free survival stratified by morbidity 
(arrhythmia, heart failure, infectious endocarditis, and 

Table 1.  Baseline Characteristics of Patients With Isolated Congenital VSD and Matched Controls From the General 
Population

Characteristic
VSD unrepaired
(n=7324)

Controls
(n=72 765)

VSD closed
(n=682)

Controls
(n=6803)

Female sex, n (%) 3817 (52.1) 37 905 (52.1) 306 (44.9) 3056 (44.9)

Follow-up, median (IQR), y 22.9 (11.7–37.2) 23.6 (12.3–38.0) 21.8 (9.4–37.7) 23.5 (11.3–38.9)

Age at time of VSD diagnosis, median (IQR), d 185 (8 d–6.3 y) … 141 (48 d–2.1 y) …

Age at time of VSD surgery, median (IQR), y … … 1.4 (169 d–5.7 y) …

Data are presented as absolute numbers with percentage or as median with IQR.
IQR indicates interquartile range (25th percentile–75th percentile); and VSD, ventricular septal defect.
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pulmonary arterial hypertension, including death) is 
embedded in Figure S1.

DISCUSSION
This nationwide cohort study including 8006 patients 
with a congenital isolated VSD revealed a substantial 
lifetime burden of morbidity, whether surgically closed 
or not, compared with matched controls from the 
general Danish population. The most important find-
ings were that the life-long risk of arrhythmia, heart 
failure, infectious endocarditis, and pulmonary arterial 
hypertension was significantly higher than in matched 
controls, and that the incidence accelerated after the 
fourth decade of life.

Morbidity
Infants with a large VSD can present with heart failure. 
Otherwise, heart failure in childhood is a rare condition 
in patients with isolated VSD. Nonetheless, abnormal 
left ventricle dimensions and systolic and diastolic left 
ventricle dysfunction have been demonstrated in surgi-
cally closed4,20 and even restrictive unrepaired3,5 VSDs 
in patients in their early 40s. Furthermore, almost 20% 
of patients with small unrepaired VSDs aged >40 years 
developed heart failure in a report of >700 patients in 
a French study reported in 1977,21 and 28% patients 
with closed VSDs needed medication for heart fail-
ure 30 years after surgical repair in a recently reported 
study of congenital heart disease outcomes in Finish 
patients.6 Our data revealed a considerable incidence 
of heart failure in both patients with unrepaired defect 
and in those with a surgically closed defect, acceler-
ating after the fourth or fifth decade of life. Dissecting 
the data, it is obvious that patients with VSD carry a 
risk of heart failure not only around time of VSD di-
agnosis or surgery but also many years later. Several 
hypotheses have been postulated as to the underly-
ing pathogenesis, including an inappropriate adaption 
to the hemodynamics with age,3 a consequence of 
acquired cardiac morbidities, such as aortic or mitral 
valve regurgitation,21 or a consequence of chronic 
pressure and volume overload, leading to disturbed 
systolic function.22 Left ventricular disease as part of 
a diffuse cardiovascular disease unrelated to the ac-
tual defect or an associated cardiomyopathy has also 
been proposed,3,5 which hypothetically could explain 
our findings of increased risk of arterial hypertension 
and ischemic heart disease. Our study clearly cannot 
address causation but provides ample evidence that 
this is an area of future investigation and of clear unmet 
need. Pulmonary arterial hypertension is not only a 
characteristic of left-sided heart failure but when the 
dominant lesion also predisposes to right-sided heart 
failure. The latter could be the case in a proportion Ta
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of patients in our data set as we found a cumulative 
incidence for developing pulmonary arterial hyperten-
sion of ≈17% among patients with unrepaired defect 
and ≈22% among patients with surgically closed de-
fect at the age of 80 years. In addition, atrial fibrillation 
predisposes to heart failure; however, our data dem-
onstrate that the hazard of heart failure is not driven 
by atrial fibrillation. Regardless of the pathophysiology, 
which probably is multifactorial, our data add invalu-
able knowledge about the burden of heart failure and 
pulmonary arterial hypertension in patients with iso-
lated VSDs throughout their lives, beyond middle age 
in particular. Interestingly, the hazard for heart failure 
was not increased in surgically closed patients when 
right atriotomy was performed; however, that might be 
explained by limited time of follow-up.

Our data demonstrate a high incidence of pulmo-
nary arterial hypertension in patients with both unre-
paired defect and surgically closed defect, with the 
latter subgroup being the most concerning with re-
gard to published data on survival.10,11,23,24 Late diag-
nosis with respect to high shunt ratio and impact on 
pulmonary vascular resistance might be the explana-
tion in patients with unrepaired defects, although the 
high incidence, even in those deemed too small to 
require surgery, suggests a different mechanism may 
be at play. This is particularly likely, given the con-
tinued hazard of pulmonary hypertension even after 
successful surgery. In this regard, development of 
pulmonary arterial hypertension after defect closure 
might suggest that even pressure and volume over-
load during short periods early in life results in mor-
phological changes of the pulmonary vascular bed 
that have lifelong consequences. Delayed closure of 
the defect where pulmonary vascular disease had 
already developed or presence of residual shunt in 
earlier eras clearly may be implicated, and one would 
hope that the trend toward earlier closure in recent 
decades may obviate this, but our findings of a high 
lifetime burden of pulmonary hypertension, with and 
without surgery, is both sobering and emphasizes the 
need for continued mechanistic investigation in the fu-
ture. Indeed, our findings strongly support regular fol-
low-up of patients with persistent or surgically closed 
shunt, even if successful closure was performed in 
childhood.

Patients with VSD have always been considered 
at risk for infective endocarditis. However, the rates 
vary in published reports because of differences in 
the constitution of the study population, surgical pro-
cedures, coexisting valve pathology, and possibly 
referral bias. This is the largest systematic study in-
cluding burden of infectious endocarditis in patients 
with congenital VSD, and it adds invaluable knowl-
edge about the long-term risk of the condition in this 
patient group. We found a cumulative incidence of Ta
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infectious endocarditis of ≈19% in those with unre-
paired defect and 50% in the group of patients with 
surgically closed defect (with congenital left-sided 
cardiac diseases excluded) at the age of 80 years. 
However, dissecting the data, patients with an un-
repaired defect carried a substantial risk from birth 
throughout their lives, whereas the risk in patients 
with closed defect diminished after surgery. The latter 
finding might partly be explained by the elimination of 
turbulence through defect closure and partly by the 
fact that surgical closure was performed because of 
an episode of VSD-related infectious endocarditis. On 
the basis of our data, infectious endocarditis remains 
an important complication in patients with VSD, and 
closure of the defect seems to yield a lower risk, in line 
with current knowledge.7,25,26

The natural history of congenital VSD is not strongly 
associated with symptomatic arrhythmias, whereas it is 
not an uncommon complication after surgical VSD clo-
sure.4,6 Arrhythmias have been sporadically reported 
in retrospective and observational studies of patients 

with unrepaired VSD,2,5 but a comprehensive descrip-
tion of the burden of arrhythmia in the total population 
has been lacking. Both medically and surgically man-
aged patients displayed a high incidence of symptom-
atic arrhythmias, in terms of atrial fibrillation or flutter 
throughout their lives, with a 4- and 7-fold increased 
late hazard, respectively, compared with the general 
population. We can only speculate, but we would sug-
gest that in addition to the direct effects of surgical in-
tervention (such as surgical scars and the effects of 
cardiopulmonary bypass), the aforementioned burden 
of heart failure and pulmonary hypertension leads to a 
secondarily increased burden of arrythmia, emphasiz-
ing the need for future studies to better understand, 
and potentially treat, this hitherto underrecognized 
consequence of VSD.

Limitation
There are clearly some limitations when interpreting 
our data. Our data originate from a registry where 

Figure 1.  Cumulative incidence of morbidity.
Cumulative incidence of morbidity with death as competing risk in patients with unrepaired or surgically corrected ventricular septal 
defect compared with corresponding matched controls. VSD indicates ventricular septal defect.
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misclassification of diagnoses and of dates can occur. 
The validity of the comorbidity diagnoses included in 
this study has been reported previously, albeit with 
overall high positive predictive value17 (Table  S3). 
As expected, the validity has improved since 1977, 
with improved availability of diagnostics modalities, 
increased awareness of correct coding, and imple-
mentation of clear guidelines. We do not think as-
certainment bias is a major factor for the increased 
reporting of morbidities in patients with VSD, as routine 
follow-up of patients with VSD has not been clinical 
practice, and Denmark’s universal, free, health care 
neither deters nor biases treatment based on insurabil-
ity or the effects of preexisting conditions for insurability 
that may be at play in other populations. On the other 
hand, we do not know whether general practitioners 
are more prone to admit patients with congenital heart 
disease with or without previous heart surgery to hos-
pital. Consequently, the effect of such circumstances 
on risk estimates of morbidity is difficult to assess but 
might result in a slight overestimation of the risk when 
compared with the general population, and patients 
treated in other health care systems.

We lack morbidity data until the introduction of the 
DNPR in 1977 for both patients and controls. This 

limitation might potentially result in a delayed diagnosis 
of morbidity for a minority of the cohort and conse-
quently an underestimation of the true HR. However, 
as the investigated morbidity most often debuts during 
adulthood, we consider that a long follow-up is par-
amount in this regard. The DNPR does not include 
clinical data, such as data from ECGs, echocardiog-
raphy, and catheterizations. The lack of clinical data 
is not a limitation per se but hinders a more detailed 
and precise patient group stratification and limits any 
physiologic insights into possible causation. For ex-
ample, as shunt data were unavailable, we were not 
able to define the unrepaired defects as small and re-
strictive but can only assume that the defect was un-
repaired because it was considered so. Furthermore, 
patients with spontaneously closed VSD are also likely 
to have been included in the study, given our knowl-
edge of the natural history of such defects diagnosed 
in early life. Consequently, the specific contribution of, 
and burden in, this subgroup of patients on the risk of 
morbidity is unknown. However, it further emphasizes 
that the late burden of morbidity is not only related to 
late hemodynamic burden of VSD but is also related 
to the “presence” of a VSD, whether persistent or 
spontaneously or surgically closed, and future studies 

Figure 2.  Cumulative incidence of death.
Cumulative incidence of death in patients with unrepaired and surgically corrected ventricular septal 
defect (VSD) compared with corresponding matched controls. *Comparison between patients with 
unrepaired VSD (unVSD) and their matched controls (unVSDc). **Comparison between patients with 
surgically closed VSD (opVSD) and their matched controls (opVSDc).
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should examine the possibility that VSD is just one  
manifestation of a “cardiovascular phenotype” that 
is itself a target for mechanistic studies and possible 
treatment.

CONCLUSIONS
Patients with a congenital isolated VSD, either unre-
paired or surgically closed, displayed a substantial 

Figure 3.  Event-free survival.
Event-free survival in patients with unrepaired and surgically corrected ventricular septal defect (VSD) 
compared with corresponding matched controls. Follow-up from birth (A) and from 1 year after VSD 
diagnosis (patients with unrepaired defect) or 1 year after surgery (patients with surgically closed defect) 
(B). *Comparison between patients with unrepaired VSD (unVSD) and their matched controls (unVSDc). 
**Comparison between patients with surgically closed VSD (opVSD) and their matched controls (opVSDc).
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burden of arrhythmias, infectious endocarditis, heart 
failure, and pulmonary arterial hypertension. For pa-
tients with unrepaired defect, the incidence of morbidity 
was trivial before their fourth decade of life; however, it 
was amplified significantly hereafter. Patients with sur-
gically closed defect present with significant morbidity 
earlier, after the second decade of life and, noticeably, 
a survival free from event clearly inferior compared with 
both unrepaired patients and controls from the gen-
eral population. This difference persists even when 
morbidity from birth until the first year after surgery is 
censored. Our data support the latest recommenda-
tions on regular follow-up of patients with VSD13,14 and 
highlight the potential development of significant car-
diac morbidity after the fourth decade of life in patients 
with unrepaired VSD and third decade of life in patients 
with surgically closed VSD. Furthermore, the mecha-
nisms underlying these significant burdens of mortality 
and morbidity are an area of unmet research need that 
may have a transformational impact for patients in the 
future.

Acknowledgments
This work was performed in the Department of Cardiothoracic Surgery, 
Copenhagen University Hospital, Copenhagen, Denmark. All authors take 
responsibility for all aspects of the reliability and freedom from bias of the 
data presented and their discussed interpretation.

Sources of Funding
This work was supported by the Novo Nordisk Foundation (NNFSA170030576).

ARTICLE INFORMATION
Received July 15, 2022; accepted October 24, 2022.

Affiliations
Department of Cardiothoracic Surgery (F.E., V.E.H.); and Department 
of Clinical Medicine (F.E., V.E.H.), Copenhagen University Hospital, 
Copenhagen, Denmark; Department of Cardiothoracic and Vascular 
Surgery, Aarhus University Hospital, Aarhus, Denmark (C.N.); Department of 
Clinical Medicine, Aarhus University, Aarhus, Denmark (C.N.); and The Heart 
Institute, Cincinnati Children’s Hospital Medical Center, Cincinnati, Ohio, 
USA (A.R.).

Disclosures
None.

Supplemental Material
Appendix S1Tables S1–S3Figure S1References27–38

REFERENCES
	 1.	 Soufflet V, Bruaene A, Van de Troost E, Gewillig M, Moons P, Post MC, 

Budts W. Behavior of unrepaired perimembranous ventricular septal 
defect in young adults. Am J Cardiol. 2010;105:404–407. doi: 10.1016/j.
amjcard.2009.09.047

	 2.	 Gabriels C, De BJ, Pasquet A, Paelinck BP, Morissens M, Helsen F, 
Van De BA, Budts W. Long-term outcome of patients with perimem-
branous ventricular septal defect: results from the belgian registry on 
adult congenital heart disease. Cardiology. 2017;136:147–155. doi: 
10.1159/000448513

	 3.	 Karonis T, Scognamiglio G, Babu-Narayan SV, Montanaro C, Uebing A, 
Diller GP, Alonso-Gonzalez R, Swan L, Dimopoulos K, Gatzoulis MA, et 
al. Clinical course and potential complications of small ventricular septal 

defects in adulthood: ate development of left ventricular dysfunction 
justifies lifelong care. Int J Cardiol. 2016;208:102–106. doi: 10.1016/j.
ijcard.2016.01.208

	 4.	 Menting ME, Cuypers JAAE, Opić P, Utens EMWJ, Witsenburg M, 
Van Den BAE, Van DRT, Meijboom FJ, Boersma E, Bogers AJJC, et 
al. The unnatural history of the ventricular septal defect: outcome up 
to 40 years after surgical closure. Circulation. 2014;130:1944–1953. doi: 
10.1161/CIRCULATIONAHA.114.009454

	 5.	 Neumayer U, Stone S, Somerville J. Small ventricular septal de-
fects in adults. Eur Heart J. 1998;19:1573–1582. doi: 10.1053/
euhj.1998.1083

	 6.	 Raissadati A, Haukka J, Pätilä T, Nieminen H, Jokinen E. Chronic dis-
ease burden after congenital heart surgery: a 47-year population-based 
study with 99% follow-up. J Am Heart Assoc. 2020;9:e015354. doi: 
10.1161/JAHA.119.015354

	 7.	 Berglund E, Johansson B, Dellborg M, Sörensson P, Christersson 
C, Nielsen NE, Rinnström D, Thilén U. High incidence of infective en-
docarditis in adults with congenital ventricular septal defect. Heart. 
2016;102:1835–1839. doi: 10.1136/heartjnl-2015-309133

	 8.	 Rushani D, Kaufman JS, Ionescu-Ittu R, Mackie AS, Pilote L, Therrien 
J, Marelli AJ. Infective endocarditis in children with congenital heart dis-
ease: cumulative incidence and predictors. Circulation. 2013;128:1412–
1419. doi: 10.1161/CIRCULATIONAHA.113.001827

	 9.	 Verheugt CL, Uiterwaal CSPM, van der Velde ET, Meijboom FJ, Pieper 
PG, Veen G, Stappers JLM, Grobbee DE, Mulder BJM. Turning 18 with 
congenital heart disease: prediction of infective endocarditis based 
on a large population. Eur Heart J. 2011;32:1926–1934. doi: 10.1093/
eurheartj/ehq485

	10.	 Van RACMJ, Blok IM, Zwinderman AH, Wajon EMCJ, Sadee ASJM, 
Bakker-De Boo M, Van DAPJ, Hoendermis ES, Riezebos RK, Mulder 
BJM, et al. Lifetime risk of pulmonary hypertension for all patients after 
shunt closure. J Am Coll Cardiol. 2015;66:1084–1086. doi: 10.1016/j.
jacc.2015.06.1318

	11.	 Lammers AE, Bauer LJ, Diller GP, Helm PC, Abdul-Khaliq H, Bauer 
UMM, Baumgartner H. Pulmonary hypertension after shunt clo-
sure in patients with simple congenital heart defects. Int J Cardiol. 
2020;308:28–32. doi: 10.1016/j.ijcard.2019.12.070

	12.	 Mongeon F-P, Burkhart HM, Ammash NM, Dearani JA, Li Z, Warnes 
CA, Connolly HM. Indications and outcomes of surgical closure of ven-
tricular septal defect in adults. JACC Cardiovasc Interv. 2010;3:290–
297. doi: 10.1016/j.jcin.2009.12.007

	13.	 Baumgartner H, De BJ, Babu-Narayan SV, Budts W, Chessa M, Diller 
GP, Lung B, Kluin J, Lang IM, Meijboom F, et al. 2020 ESC Guidelines 
for the management of adult congenital heart disease. Eur Heart J. 
2021;42:563–645. doi: 10.1093/eurheartj/ehaa554

	14.	 Stout KK, Daniels CJ, Aboulhosn JA, Bozkurt B, Broberg CS, 
Colman JM, Crumb SR, Dearani JA, Fuller S, Gurvitz M, et al. 2018 
AHA/ACC guideline for the management of adults with congeni-
tal heart disease. Circulation. 2019;139:e698–e800. doi: 10.1161/
CIR.0000000000000603

	15.	 Eckerström F, Nyboe C, Maagaard M, Redington A. Survival of patients 
with congenital ventricular septal defect. Eur Heart J. [Accepted for 
publication October 2022]. Epub ahead of print. PMID: 36418929. doi: 
10.1093/eurheartj/ehac618

	16.	 Schmidt M, Pedersen L, Sørensen HT. The Danish Civil Registration 
System as a tool in epidemiology. Eur J Epidemiol. 2014;29:541–549. 
doi: 10.1007/s10654-014-9930-3

	17.	 Schmidt M, Schmidt SAJ, Sandegaard JL, Ehrenstein V, Pedersen L, 
Sørensen HT. The Danish National patient registry: a review of content, 
data quality, and research potential. Clin Epidemiol. 2015;7:449–490. 
doi: 10.2147/CLEP.S91125

	18.	 Videbæk J, Laursen HB, Olsen M, Høfsten DE, Johnsen SP. Long-term 
nationwide follow-up study of simple congenital heart disease diag-
nosed in otherwise healthy children. Circulation. 2016;133:474–483. 
doi: 10.1161/CIRCULATIONAHA.115.017226

	19.	 Fine JP, Gray RJ. A proportional hazards model for the subdistri-
bution of a competing risk. J Am Stat Assoc. 1999;94:496–509.  
doi: 10.1080/01621459.1999.10474144

	20.	 Roos-Hesselink JW, Meijboom FJ, Spitaels SEC, Van DR, Van REHM, Utens 
EMWJ, Bogers AJJC, Simoons ML. Outcome of patients after surgical clo-
sure of ventricular septal defect at young age: Longitudinal follow-up of 22-
34 years. Eur Heart J. 2004;25:1057–1062. doi: 10.1016/j.ehj.2004.04.012

	21.	 Corone P, Doyon F, Gaudeau S, Guérin F, Vernant P, Ducam H, 
Rumeau-Rouquette C, Gaudeul P. Natural history of ventricular septal 

https://doi.org//10.1016/j.amjcard.2009.09.047
https://doi.org//10.1016/j.amjcard.2009.09.047
https://doi.org//10.1159/000448513
https://doi.org//10.1016/j.ijcard.2016.01.208
https://doi.org//10.1016/j.ijcard.2016.01.208
https://doi.org//10.1161/CIRCULATIONAHA.114.009454
https://doi.org//10.1053/euhj.1998.1083
https://doi.org//10.1053/euhj.1998.1083
https://doi.org//10.1161/JAHA.119.015354
https://doi.org//10.1136/heartjnl-2015-309133
https://doi.org//10.1161/CIRCULATIONAHA.113.001827
https://doi.org//10.1093/eurheartj/ehq485
https://doi.org//10.1093/eurheartj/ehq485
https://doi.org//10.1016/j.jacc.2015.06.1318
https://doi.org//10.1016/j.jacc.2015.06.1318
https://doi.org//10.1016/j.ijcard.2019.12.070
https://doi.org//10.1016/j.jcin.2009.12.007
https://doi.org//10.1093/eurheartj/ehaa554
https://doi.org//10.1161/CIR.0000000000000603
https://doi.org//10.1161/CIR.0000000000000603
https://doi.org//10.1093/eurheartj/ehac618
https://doi.org//10.1007/s10654-014-9930-3
https://doi.org//10.2147/CLEP.S91125
https://doi.org//10.1161/CIRCULATIONAHA.115.017226
https://doi.org//10.1080/01621459.1999.10474144
https://doi.org//10.1016/j.ehj.2004.04.012


J Am Heart Assoc. 2023;12:e027477. DOI: 10.1161/JAHA.122.027477� 11

Eckerström et al� Morbidity in Patients With Ventricular Septal Defect

defect. A study involving 790 cases. Circulation. 1977;55:908–915.  
doi: 10.1161/01.CIR.55.6.908

	22.	 Otterstad JE, Simonsen S, Erikssen J. Hemodynamic findings at 
rest and during mild supine exercise in adults with isolated, uncom-
plicated ventricular septal defects. Circulation. 1985;71:650–662.  
doi: 10.1161/01.CIR.71.4.650

	23.	 Manes A, Palazzini M, Leci E, Bacchi Reggiani ML, Branzi A, Galiè N. 
Current era survival of patients with pulmonary arterial hypertension 
associated with congenital heart disease: a comparison between clin-
ical subgroups. Eur Heart J. 2014;35:716–724. doi: 10.1093/eurheartj/
eht072

	24.	 Haworth SG, Hislop AA. Treatment and survival in children with pul-
monary arterial hypertension: the UK Pulmonary Hypertension Service 
for Children 2001 2006. Heart. 2009;95:312–317. doi: 10.1136/hrt.2008.​
150086

	25.	 Habib G, Lancellotti P, Antunes MJ, Bongiorni MG, Casalta JP, Del 
ZF, Dulgheru R, Khoury GE, Erbaa PA, Iung B, et al. 2015 ESC guide-
lines for the management of infective endocarditis: the Task Force for 
the Management of Infective Endocarditis of the European Society 
of Cardiology (ESC). Eur Heart J. 2015;36:3075–3128. doi: 10.1093/
eurheartj/ehv319

	26.	 Engelfriet P, Boersma E, Oechslin E, Tijssen J, Gatzoulis MA, Thilén U, 
Kaemmerer H, Moons P, Meijboom F, Popelová J, et al. The spectrum 
of adult congenital heart disease in Europe: morbidity and mortality in 
a 5 year follow-up period—the Euro Heart Survey on adult congenital 
heart disease. Eur Heart J. 2005;26:2325–2333. doi: 10.1093/eurheartj/
ehi396

	27.	 Sundbøll J, Adelborg K, Munch T, Frøslev T, Sørensen HT, Bøtker HE, 
Schmidt M. Positive predictive value of cardiovascular diagnoses in 
the Danish National Patient Registry: a validation study. BMJ Open. 
2016;6:e012832. doi: 10.1136/bmjopen-2016-012832

	28.	 Rix TA, Riahi S, Overvad K, Lundbye-Christensen S, Schmidt EB, 
Joensen AM. Validity of the diagnoses atrial fibrillation and atrial flutter 
in a Danish patient registry. Scand Cardiovasc J. 2012;46:149–153. doi: 
10.3109/14017431.2012.673728

	29.	 Schmidt M, Johannesdottir SA, Lemeshow S, Lash TL, Ulrichsen SP, 
Bøtker HE, Sørensen HT. Obesity in young men, and individual and 
combined risks of type 2 diabetes, cardiovascular morbidity and death 
before 55 years of age: a Danish 33-year follow-up study. BMJ Open. 
2013;3:e002698. doi: 10.1136/bmjopen-2013-002698

	30.	 Krarup L-H, Boysen G, Janjua H, Prescott E, Truelsen T. Validity of 
stroke diagnoses in a National Register of Patients. Neuroepidemiology 
Switzerland. 2007;28:150–154. doi: 10.1159/000102143

	31.	 Johnsen SP, Overvad K, Sørensen HT, Tjønneland A, Husted SE. 
Predictive value of stroke and transient ischemic attack discharge diag-
noses in The Danish National Registry of Patients. Neuroepidemiology. 
2007;28:150–154. doi: 10.1159/000102143

	32.	 Thygesen SK, Christiansen CF, Christensen S, Lash TL, Sørensen 
HT. The predictive value of ICD-10 diagnostic coding used to assess 
Charlson comorbidity index conditions in the population-based Danish 
National Registry of Patients. BMC Med Res Methodol. 2011;11:83.  
doi: 10.1186/1471-2288-11-83

	33.	 Søgaard M, Kornum JB, Schønheyder HC, Thomsen RW. Positive pre-
dictive value of the ICD-10 hospital diagnosis of pleural empyema in 
the Danish National Registry of Patients. Clin Epidemiol. 2011;3:85–89.  
doi: 10.2147/CLEP.S16931

	34.	 Thomsen RW, Hundborg HH, Lervang H-H, Johnsen SP, Sørensen 
HT, Schønheyder HC. Diabetes and outcome of community-acquired 
pneumococcal bacteremia: a 10-year population-based cohort study. 
Diabetes Care. 2004;27:70–76. doi: 10.2337/diacare.27.1.70

	35.	 Nielsen GL, Sørensen HT, Pedersen AB, Sabroe S. Analyses of data 
quality in registries concerning diabetes mellitus—a comparison be-
tween a population based hospital discharge and an insulin prescription 
registry. J Med Syst. 1996;20:1–10. doi: 10.1007/BF02260869

	36.	 Madsen M, Davidsen M, Rasmussen S, Abildstrom SZ, Osler M. The 
validity of the diagnosis of acute myocardial infarction in routine sta-
tistics: a comparison of mortality and hospital discharge data with 
the Danish MONICA registry. J Clin Epidemiol. 2003;56:124–130.  
doi: 10.1016/S0895-4356(02)00591-7

	37.	 Coloma PM, Valkhoff VE, Mazzaglia G, Nielsson MS, Pedersen L, 
Molokhia M, Mosseveld M, Morabito P, Schuemie MJ, Lei J, et al. 
Identification of acute myocardial infarction from electronic healthcare 
records using different disease coding systems: a validation study in 
three European countries. BMJ Open. 2013;3:e002862. doi: 10.1136/
bmjopen-2013-002862

	38.	 Joensen AM, Jensen MK, Overvad K, Dethlefsen C, Schmidt E, 
Rasmussen L, Tjønneland A, Johnsen S. Predictive values of acute cor-
onary syndrome discharge diagnoses differed in the Danish National 
Patient Registry. J Clin Epidemiol. 2009;62:188–194. doi: 10.1016/  
j.jclinepi.2008.03.005

https://doi.org//10.1161/01.CIR.55.6.908
https://doi.org//10.1161/01.CIR.71.4.650
https://doi.org//10.1093/eurheartj/eht072
https://doi.org//10.1093/eurheartj/eht072
https://doi.org//10.1136/hrt.2008.150086
https://doi.org//10.1136/hrt.2008.150086
https://doi.org//10.1093/eurheartj/ehv319
https://doi.org//10.1093/eurheartj/ehv319
https://doi.org//10.1093/eurheartj/ehi396
https://doi.org//10.1093/eurheartj/ehi396
https://doi.org//10.1136/bmjopen-2016-012832
https://doi.org//10.3109/14017431.2012.673728
https://doi.org//10.1136/bmjopen-2013-002698
https://doi.org//10.1159/000102143
https://doi.org//10.1159/000102143
https://doi.org//10.1186/1471-2288-11-83
https://doi.org//10.2147/CLEP.S16931
https://doi.org//10.2337/diacare.27.1.70
https://doi.org//10.1007/BF02260869
https://doi.org//10.1016/S0895-4356(02)00591-7
https://doi.org//10.1136/bmjopen-2013-002862
https://doi.org//10.1136/bmjopen-2013-002862
https://doi.org//10.1016/j.jclinepi.2008.03.005
https://doi.org//10.1016/j.jclinepi.2008.03.005


 
 

 

 

SUPPLEMENTAL MATERIAL 

  



Table S1. Codes according to International Classification of Disease 8th and 10th 

edition used to identify surgical or transcatheter closure of defect. 

 ICD-8 ICD-10 

Surgery 30801*, 30809*, 30819*, 

30899*, 31460†, 31540† 

KFHB00, KFHB10, KFHB20, 

KFHB30, KFHB40, KFHB50, 

KFHB60, KFHB70, KFHB80, 

KFHB96, KFHC00, KFHC10, 

KFHC20, KFHC30, KFHC96 

Percutaneous transcatheter - KFHB42 

ICD, International Classification of Disease. 

*Codes used during the period 1989-1995. 

†Codes used during the period 1973-1988. 

  



Table S2. Codes according to International Classification of Diseases 8th and 10th 

edition used for identification of morbidity. 

 ICD-8 ICD-10 

Arrhythmias 427.90, 427.91, 427.92, 

427.93, 427.94 

I47*, I48* 

Arterial hypertension 401.99, 402.99,  

403.99, 404.99 

I10*, I11*, I12*,  

I13*, I15* 

Ischemic cerebrovascular disease 433*, 434*, 435*,  

436.01, 436.90 

G45*, I63* 

Chronic pulmonary disease 490*, 491*, 492* J40*, J41*, J42*, J43*, 

J44*, J47*, J841C, J841X 

Diabetes 249*, 250* E10*, E11* 

Eisenmenger syndrome†  746.39 AND 426.02 AND 

426.00 OR 782.39 OR 

783.19 

Q218A, I278A 

Heart failure 426.08, 426.09, 427.09, 

427.10, 427.11, 427.19 

I50* 

Infectious endocarditis 421* I38*, I39* 

Ischemic heart disease 410*, 411*, 412*,  

413*, 414* 

I20*, I21*, I24*, I25* 

Pulmonary arterial hypertension 426* I27* 

ICD, International Classification of Disease. 

*Include all lower level of diagnose codes. 

†Defined as pulmonary arterial hypertension in the presence of an intra-cardiac shunt (VSD), 

accompanied by cyanosis, hemoptysis, or cor pulmonale.  

  



Table S3. Validation studies for morbidities in the Danish National Patient Registry. 

 PPV % (95% CI) 

Arrhythmias 95 (89-98)27, 93 (89-95)28  

Arterial hypertension 92 (85-96)27, 88 (85-91)29  

Ischemic cerebrovascular disease 97 (85-100)30, 88 (80-93)31  

Chronic pulmonary disease 100 (93-100)32, 91 (86-94)33 

Diabetes 96 (87-99)32, 97 (90-99)34, 96 (95-97)35  

Heart failure 100 (93-100)32, 76 (66-83)27  

Infectious endocarditis 82 (73-89)27  

Ischemic heart disease 94 (94-95)36, 98 (90-100)32, 100 (98-100)37, 66 (63-68)38  

Pulmonary arterial hypertension 87 (79-92)27  

CI, confidence interval; PPV, positive predictive value. 

  



Figure S1. Event-free survival stratified by morbidity in patients with unrepaired and 

surgically closed ventricular septal defect and their corresponding matched controls. 

A. Survival free from arrhythmia or death 

B. Survival free from heart failure or death 

  



C. Survival free from infectious endocarditis or death 

D. Survival free from pulmonary arterial hypertension or death 
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