http://www.cjmb.org

Open Access

Original Article
Crescent Journal of Medical and Biological Sciences
Vol. 8, No. 3, July 2021, x–x
eISSN 2148-9696

The Comparison of the Early Outcomes of Perimembranous
Ventricular Septal Defect Closure by Two Different
Methods: Transcatheter and Open-Heart Surgery in the
Northwest of Iran
ID

ID

Ali Rafiei1 , Akbar Molaei1* , Ahmad Jamei Khosroshahi1, Mahmood Samadi1, Shamsi Ghaffari1
Abstract
Objectives: Ventricular septal defect (VSD) is the most common congenital heart disease (CHD) (40%). Traditionally, VSDs have
been repaired surgically; however, recently VSD closure by device has been developed. This study aimed to compare these two
methods in terms of effectiveness, outcomes, and complications.
Materials and Methods: This study was conducted on VSD patients who were treated by either surgery or trans catheter technique
in Madani Heart Center from March 2011 to March 2017. The required data regarding effectiveness, outcomes, and complications
were recorded based on the patient’s documents. The extracted data were analyzed by SPSS version 18.0.
Results: A total of 93 patients were enrolled (43 patients in transcatheter [A] and 50 patients in open-heart surgery [B] group) in
this study. The gender distribution was approximately the same. The mean age of group A was 10.55 years while it was 8.8 years
for group B. The duration of ICU and hospital stay, total hospitalization cost, and frequency of blood products transfusion were
significantly lower in group A than in group B. However, postoperative pacemaker insertion, arrhythmias, thromboembolism, and
mortality rates did not show any significant difference between the two groups. The success rates in group A and B were 97.7%
and 96%, respectively.
Conclusions: The results of our study demonstrated that open-heart surgery, due to its nature, required longer hospital and ICU
stay, higher cost, and higher blood transfusion rate than transcatheter therapy, but it was associated with similar complications
and success rates. Therefore, device closure in appropriately selected patients is recommended as an alternative to the surgical
approach.
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Introduction
Ventricular septal defect (VSD) is the most common
congenital heart disease (CHD) (40%) with a prevalence of
3-3.5 per 1000 live births. Same as other CHDs, VSDs arise
from earlier problems in the development of the heart, but
often there is no clear cause. Genetics and environmental
factors may play a role. VSDs may run in families and
sometimes may occur with other genetic problems, such
as Down syndrome. Maternal diseases such as diabetes
mellitus and the use of drugs such as antiepileptics and
tricyclic antidepressants may be associated. The location
of this defect and its size determine the symptoms and
the course of the disease. Those defects which lead to
significant left to right shunt and have clinical symptoms
should be treated before irreversible complications occur.
The most common type is perimembranous VSD which
accounts for about 80% of cases (2).
The natural course of isolated interventricular septal
defects indicates that some of them are closed during
follow-up or become smaller (4) and some of them are

at high risk of pulmonary hypertension during infancy
which need to be surgically repaired as soon as possible.
Others have complications such as aortic insufficiency,
infective endocarditis, or sub-valvar pulmonary stenosis
(2,3).
Traditionally, interventricular defects have been
surgically closed using special patches of pericardium or
synthetic material with excellent results (1,5).
In recent years, a new method has been advised for
closing some of these defects without open-heart surgery
through central vessels by transcatheter procedure and
an occluder (5). This procedure was performed on
children and adults (4,6,7) for both muscular (8) and
perimembranous VSDs (9-12). Due to vascular access
limitation in infants and young children for percutaneous
transcatheter device implantation, the surgical closure
(13) or periventricular device implantation (14) was
recommended. In this method, since the patient is treated
without open-heart surgery and cardiopulmonary bypass,
it is necessary to perform a statistical and analytical study
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Key Messages
►► Percutaneous VSD closure by device is a safe and effective
alternate for surgery.
►► This procedure should be performed in equipped centers
with trained and experienced staff.

in order to compare the results of treatment and probable
complications of this method with surgery and draw
conclusions.
In this study, we decided to compare open heart surgery
and transcatheter procedure in terms of the results,
complications, outcomes, and cost of hospitalization
in order to compare and analyze the advantages and
disadvantages in our hospital.
Therapeutic methods include either open-heart surgery
(1,5) or transcatheter device closure (1).
Materials and Methods
This cross-sectional descriptive study was conducted
on patients with VSD who were treated by either open
heart surgery or transcatheter technique in Madani Heart
Center from March 2011 to March 2017.
The variables such as success rate, incidence of bleeding
requiring blood transfusion, arrhythmia, cardiac block,
postoperative infection, mortality, hospital and ICU stay
duration, and hospitalization cost were evaluated.
Required data were extracted from patients’ medical records
and echocardiography reports produced after one year. It
should be noted that all patients treated with transcatheter
procedure were exposed to radiation during coronary
angiography and fluoroscopy and all patients treated with
open-heart surgery underwent cardiopulmonary bypass.
The collected data were analyzed by descriptive statistics
(frequency, percentage, mean, and standard deviation)
using independent samples t test, chi-square test, and
Fisher exact test. Additionally, Kolmogorov-Smirnov test
was used for assessing the normality of data distribution
by SPSS version 18.0. In this study, P value ≤ 0.05 was
considered statistically significant.
Results
This study was performed on 93 patients with isolated
perimembraneous VSD. A total of 43 patients underwent
transcatheter procedure (group A) and 50 patients
underwent open-heart surgery (group B). Variables
including age, weight, and gender of the two groups were
matched. The study found a significantly shorter length of
stay in ICU and hospital and lower hospitalization cost in
group A (Table 1).
All patients in group B underwent general anesthesia,
but only 2 (3.8%) patients in group A were necessarily
intubated in this study (P < 0.001). In the surgery group, 4
(8%) patients required insertion of temporary pacemaker
due to transient atrioventricular block (P = 0.058). In
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this study, 2 (4.7%) patients in group A had left bundle
branch block after the procedure that was resolved by
corticosteroid therapy (prednisolone 2 mg/kg for two
weeks that was tapered in additional two weeks) after 3-4
weeks.
None of the patients needed permanent pacemaker
implantation. There was more need for blood transfusion
in group B.
In terms of postoperative complications such as
arrhythmia, thromboembolism, residual shunt requiring
surgical intervention, and mortality rate, there were no
significant differences between the two groups (Table 2).
Generally, 3 (7%) patients in group A showed
mild tricuspid valve regurgitation (TR) after device
implantation. The device embolization occurred in
one patient in the descending aorta and the device was
extracted by snare and re-implanted.
Discussion
VSD is the most common CHD. Those defects which lead
to significant left to right shunt and have clinical symptoms
should be treated before irreversible complications occur
(1). The procedure of choice for VSDs repair is surgical
closure by patch with excellent results (1, 5). In recent
years, the percutaneous transcatheter closure by occluders
has been introduced (1). This procedure was performed
on children and adults (3,7,8) for both muscular (9) and
PM VSDs (10-13).
A total of 93 patients with VSD were enrolled in this
study. Fifty patients underwent open-heart surgery and
43 patients underwent transcatheter VSD closure. In this
study, age, weight, and gender of the two groups were
matched. The study found that the length of stay in ICU
and hospital was significantly shorter and the hospital
costs were significantly lower in the transcatheter group.
In the studies conducted by Oses et al (15) and Chen
et al (16), a significantly shorter duration of surgery and
mechanical ventilation, lower cost of hospitalization, and
shorter duration of ICU and hospital stay were observed
in the transcatheter group compared to the open-heart
surgery group, the same as our study.

Table 1. Comparison of the Quantitative Parameters of the Patients in Two
Groups (Mean ± SD)
Parameter

Group (A)

Group (B)

P Value

Age (year)

10.55±5.70

8.80±5.07

0.199

Female

25 (58.1%)

25(50%)

Male

18 (41.9%)

25(50%)

Weight (kg)

35.27±21.5

27.57±17.02

0.057

ICU stays (day)

1.00±0.37

4.86±1.76

<0.001

3.84±0.63

12.04±3.86

<0.001

6.558±48.68

10.653±62.01

0.001

Gender

Hospital stay (day)
Cost of treatment
(×10 million IRR)

ICU, Intensive Care Unit.
Group A: Transcatheter group. Group B: Open heart surgery group.
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Table 2. Comparison of Success Rate and Complications in Two Groups
Group (A)

Group (B)

41 (95.3%)

49 (98%)

2 (4.7%)

1 (2%)

P Value

Success rate
Successful
Failure

0.432

Post-operative arrhythmias

6 (14%)

6 (12 %)

0.779

Blood products requirement

2 (4.7%)

45 (90%)

<0.001

Residual shunt

1 (2.35%)

2 (4%)

0.469

0

0

0

0 (0%)

4 (8.0%)

0.058

0

0

0

Mortality
Pacemaker insertions
Thromboembolism

Our study showed that the need for blood products was
significantly lower in the transcatheter group (P<0.001)
but the need for post-operative pacemaker (P=0.058),
post-operative arrhythmia (P=0.779), incidence of postoperative thromboembolism, residual shunt requiring
re-intervention (P=0.649), and mortality rate were not
significantly different between the two groups. In the study
conducted by Oses et al (15), no significant difference was
found between the two groups in the incidence of residual
shunt and the need for a pacemaker, which is similar to
our study.
In a study by Carminati et al (17), the residual shunt
was detected in 4% of patients after transcatheter closure.
Transient left bundle branch block was observed in two
patients and transient first degree AV block was observed
in one patient, the same as our study. Among patients with
PM VSD, complete AV block was observed in 3 patients
within the first 48 hours. One patient needed a pacemaker.
In this study, major complications were observed in the
transcatheter group, and it was found that 6.47% had
severe arrhythmia, 16.85% of patients had TR, and 17%
needed transfusion of blood and blood products. In 11.2%
of patients, pleural effusion and pericardial effusion were
seen, all of which were treated. Additionally, 17.58%
of patients undergoing surgery had severe arrhythmia,
17.5% of patients had aortic valve insufficiency, and
3.34% of patients had TR. In our study, there was not any
atrioventricular block or pleural or pericardial effusion in
the transcatheter group but transient left bundle branch
block and TR were seen in 2 and 3 patients, respectively.
In the study conducted by Szkutnik et al (18),
displacement of the device was not seen in any of the
patients. The incidence of arrhythmia was higher in
the transcatheter group (P=0.08). In the surgical group,
complete atrio-ventricular block and TR were observed
in 11.1% and 33% of patients, respectively. In our
study, device embolization occurred in one patient in
the descending aorta and the device was extracted by
snare and re-implanted. In studies by Nguyen et al (19)
and Liu et al (20), the incidence of complications after
transcatheter repair was 1.7%, including CHB in 0.7% and
device embolization in 1% of the patients.
In a study by Yang et al (21), it was reported that
major complications including mortality, need for re-

operation due to complications, and need for pacemaker
implantation were observed in one patient in both groups
and no differences were observed between the two groups.
Moreover, there was no significant difference in the
incidence of CHB and valvar insufficiency between the
two groups.
The more complex operation, the higher the
complication rate is. However, comparing these two
methods, it was observed that most of the complications
in the two groups were approximately the same and major
complications were not significantly different between
the two groups. The rate of complications such as pain,
surgical site infection, and complications associated
with surgical incision may be significantly higher in the
surgical group, but these complications were not assessed
in these studies.
In our study, the therapeutic success rate was 96% in the
surgical group and it was 97.7% in the transcatheter group
(P=0.649). In the study conducted by Oses et al (15), it
was reported that 11.1% of patients in the transcatheter
group and 23.5% in the SG group had residual shunt after
surgery but the shunt was not observed at follow-up. In the
study conducted by Carmineti et al (17), it was reported
that the success rate of VSD closure by transcatheter
technique was 97.5%. This procedure was not performed
in 3 patients (2.45%) due to the impossibility of sheath
insertion in 1 patient, the onset of complete AV block
during manipulation of catheter in 1 patient, and the
presence of aortic valve prolapse in 1 patient.
In the study by Carminati et al (17), the early success
rate of transcatheter technique was 61.4% and reached up
to 100% within three months. In the study by Szkutnik et
al (18), the success rate of both groups was 88.88% and
no significant difference was observed in the success rate
of the two groups. In the study conducted by Nguyen et
al (19), the success rate of the transcatheter method was
95.6%, and the success rates of defect closure within 24
hours and 6 months, and 2 years were 89.5%, 91.5%,
99.3%, respectively. In a study by Liu et al (20), the success
rate of transcatheter technique was 99.36% and the
success rate of surgical technique was 98.93%, indicating
no significant difference between these two methods.
In the study by Yang et al (21), it was also observed that
the success rate of transcatheter method was 99% and it
was 99.3% for surgical method, indicating no significant
difference between these two methods.
The success rate in almost all studies was the same
(above 98%) in both groups, indicating the high efficacy
of both methods, which was clearly seen in our study.
Although at early stages, the incidence of residual shunt
may be higher in the transcatheter group than in the
surgical group, the success rate is almost the same in the
end.
In our study, no in-hospital death was recorded. This
result is the same for studies conducted by Zuo et al (12),
Oses et al (15), Carminati et al (17), and Nguyen et al (19).
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However, in the study conducted by Zhuang et al (14), it
was reported that in-hospital mortality rate was 5.65% and
the main causes were pulmonary hypertension crisis and
arrhythmia. Studies have shown that the surgical death
rate beyond infancy due to VSD repair is close to zero.
Conclusions
Due to the minimally invasive nature of transcatheter
approach for VSD closure, length of hospitalization and
ICU stays is shorter, and medical costs are lower compared
to the surgical approach.
The results of this study showed that open-heart surgery
due to its nature requires mechanical ventilation, prolonged
anesthesia, and ICU and hospital stay, higher cost, and
more blood transfusion compared to transcatheter
method. However, the complications and success rates
of these two therapeutic methods are almost equal.
Therefore, transcatheter method in appropriately selected
patients in well-equipped centers with experienced and
trained staff can be an appropriate alternative to openheart surgery.
Limitations of Study
The small sample size of studied patients can be
regarded as the limitation of the study; therefore, the
confirmation of the results requires further research with
a larger population. Another limitation was the failure to
investigate mortality and out-of-hospital mortality rate.
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