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Background: Improving the surgical results and recent advancement of transcatheter

techniques for closure of ventricular septal defect (VSD) increased the demand for

minimally invasive approaches. In this study, we analyzed the results of the patients who

underwent VSD closure with right lateral minithoracotomy (RLMT).

Methods: Between September 2014 and February 2021, 24 patients underwent

minimally invasive VSD closure with RLMT. The median age of the patients was 16

months (range, 4-84 months). Fifteen patients (62.5%) were female. The median weight

of the patients was 9.75 kg (range, 4.6-30 kg). The types of VSD were perimembranous

in 19 patients, subaortic in three patients, inlet in one patient, and subpulmonic in one

patient. Five patients had low-lying pulmonary stenosis in addition to VSD.

Results: No perioperative death or major complication occurred during follow-up.

All defects were repaired through RLMT. The median cardiopulmonary bypass time

was 81min (range, 44-163min), and the aortic cross-clamp time was 65min (range,

33-131min). The median hospital stay was 6 days (range, 5-21 days). One patient had

minimal (2mm) residual left-to-right shunt. All families were satisfied with the cosmetic

results during the follow-up.

Conclusions: The RLMT method is a safe and effective alternative to standard

median sternotomy for VSD closure and can be performed with favorable cosmetic and

clinical results.

Keywords: minimally invasive, congenital heart surgery, ventricular septal defect, minithoracotomy, pulmonary

stenosis

INTRODUCTION

Ventricular septal defect (VSD) is the most common congenital heart defect in children.
Evolving surgical techniques and intensive care facilities significantly reduced the
mortality and morbidity rates of surgery for VSD closure, which enables normal life
expectancy and quality of life. Although median sternotomy is still the most preferred
approach in many centers, a large incision scar may cause cosmetic and psychosocial
problems (1). Improving the surgical results and recent advancement of transcatheter
techniques for closure of VSD increased the demand for minimally invasive approaches.
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Unsuitability or failure of transcatheter VSD closure switches
the condition from no incision to full sternotomy, and it
is usually frustrating for the family and the patients. Using
minimally invasive techniques for congenital heart diseases is
very rare and usually limited to atrial septal defect (ASD) closure.
Various alternative approaches have been described to improve
cosmetic results, such as partial sternotomy and right antero- or
posterolateral thoracotomy (2). However, they have been found
to be suboptimal because of visibility of the scar, risk for thorax
deformity, or breast asymmetry, especially when performed in
prepubescent girls (3). Nevertheless, most of the patients who
need surgical VSD closure are small infants for whom minimally
invasive techniques seem more difficult to perform due to small
thoracic cavity and cardiac structures.

We have been using right lateral minithoracotomy (RLMT)
approach with central cannulation for more than 20 years. We
believe that the cosmetic results are better and there is no risk
for breast asymmetry because the incision lies quite far from
the breast tissue and is hardly visible on the anterior chest,
staying under the right armpit. It provides more manipulation
space than the anterolateral thoracotomy approach (Figure 1).
Our surgical experience started with ASD closure and evolved to
partial atrioventricular septal defect (AVSD), partial pulmonary
venous return anomaly, VSD closure, and recently VSD and
pulmonary stenosis (PS) repair in small infants with the same
incision. In this study, we reported the results of the patients who
underwent VSD closure with RLMT.

PATIENTS AND METHODS

Our retrospective study received ATADEK-2021/07 number
2020-07/31 Ethics Committee approval on July 4, 2021. Between
October 2010 and February 2021, 116 patients underwent
minimally invasive congenital heart surgery. All patients had
RMLT incision, except six patients who had superior J
sternotomy due to aortic or subaortic stenosis repair. The

FIGURE 1 | Lateral thoracotomy provides more manipulation space than

anterolateral thoracotomy approach.

number and the diversity of the procedures are demonstrated
in Figure 2. We have started minimally invasive VSD closure in
2014 and VSD and low-lying PS repair in 2017 with increasing
complexity. Among all patients, 19 had VSD closure and five
had VSD-PS repair that constitute the study group. During this
period, VSD repair was performed with median sternotomy in
225 patients, with one mortality. Although it is technically more
difficult to repair subpulmonic and multiple VSDs, any type of
VSD can be repaired with the RLMT approach. We performed
the RLMT approach for children over 5 kg and according to
family preference. However, with our increasing experience, we
started to perform RLMT to patients under 5 kg as in one patient
in the article. The median age of the patients was 16 months
(range, 4-84 months). Fifteen patients (62.5%) were female. The
median weight of the patients was 9.75 kg (range, 4.6-30 kg).
Twelve patients (50%) were under 10 kg. The types of VSD were
perimembranous in 19 patients, subaortic in three patients, inlet
in one patient, and subpulmonic in one patient. Five patients had
a low-lying PS in addition to VSD. The size of the VSDs was large
in 10 patients (41.6%). Others hadmoderate-sized VSDs. None of
the patients were suitable for transcatheter VSD closure, or some
had a failed attempt.

Operative Technique
After general anesthesia, a pediatric transesophagial
echocardiographic probe was inserted. Defibrillation pads
were stuck to the anterior and posterior parts of the left
hemithorax. The patients were positioned in 90◦ left lateral
decubitus position, and the right arm was put over the head in
a natural position. An ∼5–7-cm skin incision was performed
obliquely between the anterior and posterior axillary lines
on the sixth intercostal space, which is the lower end of the
scapula (Figure 3). Afterwards, the scapula was lifted with
retractors, and the thoracic cavity was entered through the fourth
intercostal space, where easier access to the heart and main
vessels was provided. A rib spreader was used in all patients.
The pericardium was opened 2 cm anterior to the phrenic
nerve, superiorly to the pericardial reflection and inferiorly to
the diaphragm. The pericardium was hung with retraction silk
stitches, and a wet sponge was placed over the right lung. After
heparin administration, ascending aortic and bicaval venous
cannulation was performed centrally through the same incision
(Figure 4). Cardiopulmonary bypass with mild hypothermia
(32◦C) was instituted. Continuous carbon dioxide insufflation
was used to facilitate the deairing procedure. A cardioplegia
perfusion needle was inserted into the ascending aorta through a
purse-string suture. Then, the ascending aorta was clamped, and
tepid blood cardioplegia was given for myocardial protection.
After the heart was arrested, right atriotomy was made. Stay
sutures were put on the anterior and septal tricuspid valve
leaflets for further exposure. The VSD was approached with
a slight retraction of the tricuspid valve. Dacron patch and
Teflon-pledgeted interrupted 5/0 Prolene sutures were used for
VSD repair in all patients. In five patients with low-lying PS, a
transatrial resection of the parietal and septal muscular bands was
performed. The right atriotomy was closed with running sutures.
In one patient who had a residual right ventricular outflow tract
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FIGURE 2 | Number and diversity of the minimally invasive procedures.

FIGURE 3 | Lateral minithoracotomy incision.

gradient after resection, infundibular patch augmentation was
performed with glutaraldehyde-treated autologous pericardial
patch. During the procedures, short-shafted tiny heartport
instruments (AtriCure, Ohio, USA) were used. After weaning
from cardiopulmonary bypass and decannulation, one chest tube
was inserted through the pleural cavity, and a Jacson–Pratt drain
was inserted into the mediastinum. The intercostal space was
adapted with braided sutures, and prilocaine was used for local
anesthesia. The pectoral muscle, subcutaneous tissue, and skin
were closed with running sutures. While closing the thoracotomy
incision, we routinely apply local anesthesia (prilocaine) to the
intramuscular and subcutaneous region for post-operative pain
control. The incision length was∼5-6 cm long (Figure 5).

Data and Statistical Analysis
Statistical analysis was performed using the Web-based
GraphPad software version Prism 8 (GraphPad Software Inc.,
CA, USA). Descriptive data were expressed in mean ± standard
deviation (SD), median (min–max), or number and frequency.

FIGURE 4 | Central cannulation. Ao, aortic cannula; VCS, vena cava superior;

VCI, vena cava inferior.

RESULTS

There were no major complications or in-hospital mortality in
any patient. All defects were repaired successfully, and no patient
needed thoracotomy extension or conversion to sternotomy.
The median operation time, cardiopulmonary bypass time, and
aortic cross-clamp time were 157.5min (range, 110-220min),
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FIGURE 5 | Right minithoracotomy incision length and scar.

81min (range, 44-163min), and 65min (range, 33-131min),
respectively. The median volume of drainage was 12.78 ml/kg
(range, 5.66-36.2 ml/kg), and the median volume of blood
transfusion was 9.12 ml/kg (range, 0-20.4 ml/kg). No blood
transfusion was required in eight patients (33.3%). The median
ventilation time, intensive care unit stay, and hospital stay were
5 h (range, 2-12 h), 24 h (range, 18-160 h), and 6 days (range,
5-21 days) respectively. Atrioventricular block and infection
were not observed in any patient. All patients were under
echocardiographic control before discharge. One patient had a
minimal (2mm) residual left-to-right shunt. The mean follow-
up time was 37 months (range, 3-78 months). All families
were satisfied with the cosmetic results during follow-up. No
asymmetry of the chest or the breast was noted.

Comment
The use of minimally invasive thoracic incisions in pediatric
patients aims to get better esthetic results and to reduce
bleeding, infection, and post-operative complications. Various
alternative incisions to standard median sternotomy have
been developed to achieve the same quality of repair with
cosmetically superior results. The right anterolateral and
submammary thoracic incisions are widely used for treating
simple congenital cardiac defects such as ASD. However, with
using these approaches, problems with breast development, rib
deformation, and pectoral muscle atrophy may be confronted
(4). In the ministernotomy technique, peripheral cannulation is
often required, and the sternotomy scar remains after surgery
(5). RLMT aims to provide superior cosmetic results in the
repair of congenital heart defects without changing the surgical
quality. In RLMT, the incision does not have a negative
effect on breast tissue development, as it does not cross the
anterior axillary line. Because of the scar that remains in
the bikini area, it provides much better esthetic results with
great patient and parent satisfaction compared to standard
sternotomy (6, 7).

The transcatheter closure of VSD has had an increasing
popularity recently due to the advancement of transcatheter
techniques, but especially patients with low body weight and VSD
near the aortic valves are usually not suitable for this method

(8). Chen et al. (9) compared percutaneous device occlusion with
minimally invasive techniques for VSD closure and reported that
the minimally invasive technique was more cost-effective than
device occlusion but with similar complication rates.

The RLMT procedure is very similar to the standard median
sternotomy technique and often does not require a special
surgical instrument. All cannulations can be made centrally
through the same incision, and since there is no need for
peripheral cannulation, the risk of vascular complications is
eliminated (10). It is also important to preserve the integrity
of the sternal bone. Less mediastinal dissection results in less
wound infection, less post-operative blood loss and pain, and
faster recovery of the patient (11). Besides that, Li et al.
(12) reported that this technique was safely and successfully
used in infants weighing <5 kg. We also repaired the VSD
of one patient weighing 4,600 g with the RLMT technique.
According to our experience, the procedure was easier in
smaller patients due to the shallower chest depth and greater
skin and chest elasticity. Because the distance between the
thoracotomy and the heart was longer in larger patients
and the tissues were less flexible, the surgery could be a
little more difficult technically, but an extra incision was
never necessary in larger patients. All defects were closed
over the right atriotomy; in addition, the repair of low-lying
pulmonary stenosis by transatrial resection could be performed
in five patients.

Liu et al. (13) performed VSD closure in 198 patients
with mini-sternotomy (n = 66), right lateral thoracotomy (n
= 59), and median sternotomy (n = 73). There was no
mortality in all three groups, and the cardiopulmonary bypass
and cross-clamp times were similar. Both mini-sternotomy and
right lateral thoracotomy were found to be suitable for VSD
closure, and a shorter duration of intensive care unit and
hospital stay was an advantage of VSD closure by RLT. Wang
et al. (10) performed VSD closure right vertical infraaxillary
thoracotomy (RVIAT) in 274 patients, and they commented
that the RVIAT can be performed with favorable cosmetic and
clinical results for VSD closure. Similarly, Heinisch et al. (14)
performed VSD and complete AVSD correction in 84 patients
with vertical right axillary mini-thoracotomy (n = 25) and
median sternotomy (n = 59). No significant differences were
observed for aortic cross-clamp duration, intensive care unit
stay, hospital stay, and echocardiographic follow-up. In contrast
to the vertical infraaxillary incision, the RLMT incision was
made parallel to the ribs, not crossing the anterior axillary
line. Thus, better esthetic appearance could be provided in a
way that is parallel to the body lines and remains within the
bikini area.

At the beginning, we experienced some right lung
injury. The right lung injuries appeared macroscopically as
microhemorrhages during the surgery. In these patients,
increased pulmonary opacity was observed in the post-operative
chest X-ray compared to the left side. However, there was
no effect on chest drainage or any pulmonary dysfunction.
Although it did not affect the outcome, we suggest that heparin
administration should be performed after the pericardial stay
sutures were tied.
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Despite the fact that our VSD series are small, we have a large
experience on RMLT technique for other simpler pathologies.
We think that all isolated VSDs and additional low-lying stenosis
which are suitable for right atrial approach may be repaired with
the RMLT technique, even in small infants.

CONCLUSION

The RLMT method is a safe and effective alternative to standard
median sternotomy for VSD closure and can be performed with
favorable cosmetic and clinical results.
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