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ABSTRACT

Objective: The aim of this study was to explore the effi-
cacy and safety of minimally invasive transthoracic closure 
(MITC) in treating ventricular septal defect (VSD).

Methods: A total of 252 children with VSD were inves-
tigated between August 2013 and March 2015. Their elec-
trocardiographic indices were monitored at different time 
points (before surgery [T0], immediately after surgery [T1], 
and 3 days/7 days/1 month/3 months/6 months after surgery 
[T2–6]) and followed up every year. Related adverse events 
also were recorded.

Results: All children with VSD successfully underwent 
MITC. The average follow-up time was 5 years, during 
which no changes in the heart rate or corrected QT interval 
were found. The PR and QRS intervals were prolonged in 
the early postoperative period (T3); the SV1+RV5 amplitude 
decreased significantly at T6; and the left axis deviation sig-
nificantly recovered at T6 (P < 0.05). A total of 32 patients 
developed arrhythmia within 3 days after surgery; however, 
no severe arrhythmia, including ventricular tachycardia, ven-
tricular fibrillation, second- and third-degree atrioventricular 
block, complete left or right bundle branch block, and delayed 
arrhythmia, occurred during the follow-up period. Binary 
multivariate logistic regression revealed that the longer the 
surgery time and the larger the VSD diameter, the higher the 
risk of arrhythmia.

Conclusions: The incidence of long-term arrhythmia 
after MITC is low, and the outcomes are good.

INTRODUCTION

Ventricular septal defects (VSDs), which are holes between 
the ventricles, are recognized as the most common congenital 
cardiac malformation, accounting for almost 50% of all congen-
ital heart diseases [Cho 2017] and can exist in isolation. They 
can be complicated by additional intracardiac lesions or can be 
part of more complex combinations [Soto 1980; Faccini 2019].

Accurately estimating the prevalence of VSD is difficult 
[Spicer 2014]. The estimated prevalence is 2 to 3.94 per 1000 
live births, as diagnosed by echocardiography [Penny 2011; 
Li 2016]. In some studies, the incidence of isolated VSD is 
1.25%. Most cases are closed naturally; in cases where they 
are not closed and are sufficiently small to restrict shunting 
to the extent that there are no symptoms, additional palliative 
measures are unnecessary [Gerbode 1958], and only 0.02% 
need surgical treatment [Cho 2017].

Clinical management of isolated VSD is imperative 
because the long-term persistence of such a defect may cause 
complications [Habib 2015]. In patients referred for surgical 
correction, the defects are almost always closed by directly 
placing a patch from the right ventricular side [Spicer 2013]. 
Traditionally, open-heart surgical repair with midline ster-
notomy and cardiopulmonary bypass (CPB) has been the 
mainstay of therapy for many years [Rein 1977], and catheter-
based intervention has been initially introduced for the clo-
sure of muscular VSD. Transesophageal ultrasound-guided 
minimally invasive transthoracic closure (MITC) has become 
increasingly mature in recent years and gradually has become 
a new surgical method for the treatment of VSD [Liang 2017; 
Ou-yang 2017]. This technology has the advantages of simple 
surgery, no extracorporeal circulation, no limitation of patient 
age and body mass, wide indications, short operating distance, 
and avoidance of radiation [Zeng 2008; Xing 2009; Zhang 
2013]. With the extensive development of this technology, the 
clinical prognosis has been affirmed. However, there still is a 
lack of long-term follow-up data, together with arrhythmia 
as the most common complication after VSD. Thus, follow 
up of electrocardiographic (ECG) indices is necessary. ECG 
indices can directly reflect the electrophysiological situation 
of each part of the heart, objectively record the changes on 
ECG, indirectly reflect the hemodynamic changes, and evalu-
ate the direct influence of the surgery on the heart. VSD is 
closely related to the anatomy of the heart conduction tract, 
which may cause arrhythmias, such as atrioventricular block 
and bundle branch block after surgery. In this study, a total of 
252 children who underwent MITC for VSD were selected 
for follow-up analysis, aiming to explore the changes in the 
ECG indices and outcomes postoperatively.

MATERIALS AND METHODS

Subjects: A total of 252 patients with VSD (118 boys and 
134 girls aged 5–130 [22.8±25.0] months, with a body weight 
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of 5.5–95 [12.1±8.4] kg), who underwent MITC in our center 
from August 2013 to March 2015 were selected. Transtho-
racic echocardiography showed that the VSD diameter was 
2–10 (3.4±1.4) mm. According to Anderson’s classification 
system, the types of VSD included perimembranous VSD 
(N = 231; 91.7%) and doubly committed subarterial VSD 
(N = 21; 8.3%). According to the Chinese Expert Consensus 
of Transthoracic Minimally Invasive Closure for Ventricular 
Defect [Cardiovascular Surgeons Branch of Chinese Medical 
Association 2011], the indications of surgery included the fol-
lowing: 1) age of ≥3 months, 2) simple perimembranous VSD 
with hemodynamic abnormalities and VSD diameter of 4–8 

mm within 1 year of age, 3) simple muscular VSD with hemo-
dynamic abnormalities and VSD diameter of >3 mm and mul-
tiple muscular VSD, 4) subpulmonic VSD without obvious 
aortic valve prolapse and with VSD diameter of <6 mm within 
1 year of age, 5) residual shunt after surgery, and 6) myo-
cardial infarction and posterior traumatic ventricular septal 
perforation. The family members of the patients signed the 
surgical informed consent form, and the study was approved 
by the ethics committee of our hospital.

Methods: The surgical method was performed in accor-
dance with the Chinese Expert Consensus of Transthoracic 
Minimally Invasive Closure for Ventricular Defect issued in 

Figure 1. Photos of the procedure in the study. Choose different surgical incisions, according to the position of the VSD. A) Small longitudinal incision at the 
lower end of the sternum. B) The third intercostal transverse incision on the left edge of the sternum.) C) Cut a small part of the pericardium to expose the 
free wall of the right ventricle, determine the puncture site of the free wall of the right ventricle, and use a mattress or purse-string suture. D) Establish the 
delivery track: puncture and insert the guide wire under the guidance of esophageal ultrasound (TEE) and enter the left ventricular cavity through VSD. E) 
The delivery sheath is inserted along the guide wire and reaches the left ventricular cavity through the VSD. The occluder is slowly pushed out under real-
time TEE monitoring. F) Release the left ventricular umbrella of the occlude. G) Release the right ventricular umbrella of the occlude. H) TEE fully evaluates, 
confirms that everything is normal, and finally releases the occlude. I) Postoperative incision.
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2011 [Cardiovascular Surgeons Branch of Chinese Medical 
Association 2011] and under general anesthesia with tra-
cheal intubation. The incision site depended on the type 
of the defect. The lower end of the sternum or the lower 
part of the sword process was selected for the perimem-
branous defects. Meanwhile, the left edge of the sternum 
was selected for the subarterial defects; a small transverse 
incision was created at the third intercostal space, and the 
length was approximately 2–2.5 cm. The pericardium was 
cut into small parts, and the free wall of the right ventricle 
was exposed. Heparin was injected to the vein at a dose of 
100 µ/kg. The appropriate puncture site was selected under 
the guidance of TEE: Avoid the coronary artery; press fin-
gers on the front wall of the right ventricle; confirm the 
puncture site with a TEE image; and suture with a gasket or 
bag for one needle. After the right ventricular anterior wall 
was punctured by the artery cannula, the needle core was 
withdrawn and sent to the soft guidewire. The guidewire 
was led by TEE through the VSD and into the left ven-
tricular cavity. The outer sheath of the puncture needle was 
exited, and the dilated sheath tube and the delivery sheath 
tube were placed along the guidewire (the expanding sheath 
tube was the inner core of the sheath tube); the left ventric-
ular cavity was reached through the VSD, and the transport 
track was established. After the delivery sheath tube was 
placed in the left ventricle, the guidewire was withdrawn; 
the expanding sheath tube was kept in the left ventricle; and 
the outer end of the sheath tube was connected to the load-
ing sheath tube with the blocking device. Under real-time 
monitoring of TEE, the sealing device was pushed slowly, 
and the left disk surface was released. The entire sheath 
was then withdrawn to make the left disc face close to the 
left ventricular surface of the compartment interval, and 
immediately carefully detected the shunt, whether there 
was an atrioventricular valve activity disorder, whether the 
surrounding tissue was embedded; no abnormal condition, 
gently withdrawn sheath tube, and release of the waist and 
right pan of the blocker. TEE multi-section observation of 
the position and shape of the occluder, repeated push-and-
pull test, if there is no displacement, no residual shunt, and 
valve reflux, ECG indicates no serious conduction block. 
The blocker can be released; the conveyor can be with-
drawn; and the suture knot and surgery can be completed to 
achieve successful blocking treatment. (Figure 1) Protamine 
was administered after heparin injection (1:1) and aspirin 6 
hours after surgery. In all 252 cases, VSD occluders with a 
diameter of 4–12 (5.4±1.4) mm were inserted. The opera-
tion time was 30–155 (68.1±24.8) min. The occluders were 
selected from Shenzhen Xianjian Technology Co., Ltd.; 
Beijing Huayi Shengjie Co.; Shanghai Shape Memory Co., 
Ltd.; and AGA Co., Ltd., US. Symmetrical or eccentric 
occluders were selected based on individual transthoracic 
cardiac ultrasound findings.

Follow up: Aspirin was administered orally at a dose of 
3–5 mg/kg∙d for 6 months. After surgery, there were 13 cases 
of new micro to mild tricuspid regurgitation, three cases of 
pericardial effusion, which were resolved after pericardio-
centesis, and one case of perimembranous VSD with a micro 

residual shunt, which closed spontaneously after 3 months. 
The follow-up period was 5 years. The 12-lead ECG indices 
were monitored at several time points, namely, before surgery 
(T0), immediately after surgery (T1), on days 3 and 7 after 
surgery (T2 and T3, respectively), and at months 1, 3, and 6 
after surgery (T4, T5, and T6, respectively). All ECG indices 
were entered into one computer for storage (various indices 
along ECG information management system, 2013), which 
were automatically calculated as the computer and a profes-
sional proofread the heart rate, PR interval, QRS interval, 
corrected QT interval (QTc), and SV1+RV5 amplitude. The 
electric axis, rhythm, QRS shape, and ST-T changes were 
also observed, together with the occurrence of palpitation, 
syncope, and dark haze.

Statistical analysis: The SPSS software (version 23.0) was 
used for statistical processing. The measurement data were 
expressed as means ± SDs. The normally distributed data 
were compared using one-way ANOVA and the skewed-dis-
tributed data using the non-parametric test. The count data 
were expressed as the composition ratio and analyzed using 
the chi-square test. The occurrence of complications, such 
as arrhythmia, during follow up was set as the subgrouping 
factor for the binary multivariate logistic regression. P-values 
of <0.05 were considered statistically significant.

RESULTS

All children with VSD were followed up for 5.0–7.5 
(5.7±0.6) years for comparing the various indices, cardiac 
functions, and cardiac structural features. (Table 1) The heart 
rate, PR interval, QRS interval, QTc, and SV1+RV5 ampli-
tude at the various postoperative time points were compared 
with those at the preoperative time point. There was no sig-
nificant difference found in the heart rate and QTc; the PR 
interval was significantly prolonged at T1–3 (P < 0.05); the 
QRS interval was significantly prolonged at T2 and T3 (P < 
0.05); the SV1+RV5 amplitude significantly decreased at T6 
(P < 0.05); and the left axis deviation significantly recovered at 
T6 (P < 0.05). (Table 2)

Postoperative arrhythmia occurred concentratedly 3 
days after surgery, with a total of 32 cases (12.7%), includ-
ing five cases of first-degree atrioventricular block (with the 
criterion shown in the supplementary table), which returned 
to normal 1 year after surgery; two cases of complete right 
bundle branch block (CRBBB; children: ≥0.10 s, adults: 
≥0.12 s), which converted to incomplete right bundle branch 
block (IRBBB) 1 and 2 years after surgery, respectively, and 
did not return to normal while showing no clinical symptoms 
at 5 years after surgery; and 16 cases of IRBBB (children: 
0.08–0.10 s, adults: 0.08–0.12 s), which recovered 3 years 
after surgery. No severe or delayed arrhythmias occurred 
during follow up. (Table 3)

With the occurrence of postoperative arrhythmia as 
a subgrouping factor, the differences between the groups 
were analyzed. (Table 4) The factors with significant differ-
ences in the univariate analysis were included in the binary 
multivariate logistic regression analysis, and the likelihood 
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ratio forward method was used. The inclusion criterion 
was 0.05, and the exclusion criterion was 0.10. Among the 
factors, the operation time (77.83±23.37 min), VSD diam-
eter (4.28±1.92 mm), and occluder model (6.50±1.66 mm) 
were found as the risk factors (OR value) for postoperative 
arrhythmia (OR>1). Conversely, the presence of a membra-
nous tumor was found as a protective factor for postopera-
tive arrhythmia (OR< 1); the children without membranous 
tumors were more prone to experiencing arrhythmia after 
surgery. (Table 5)

DISCUSSION

Owing to the close anatomical relationship between VSD 
and the conduction bundle in the area of the peripheral mem-
brane, as well as the His bundle and its left/right bundle 
branches running on the posterior and inferior edges of the 
VSD (approximately 2–4 mm from the edge of the VSD), 
arrhythmia is the most common complication after the devel-
opment of VSD regardless of extracorporeal repair or surgi-
cal closure.

Table 1. ECG follow-up data of VSD patients after transthoracic minimally invasive occlusion

Time point LVEF LVFS LAD LVEDD

T0 65.49±3.54 36.39±2.24 19.90±2.12 34.36±5.66

T1 63.22±2.12 34.65±3.54 19.57±2.83 33.94±4.95

T2 63.25±3.82 34.86±2.46 19.43±4.24 33.91±4.83

T3 63.92±1.41 34.30±3.41 19.64±2.47 33.86±3.41

T4 63.29±1.41 34.72±2.71 18.81±3.54 33.50±5.45

T5 64.17±2.12 34.63±3.54 18.02±3.17 32.86±3.72

T6 64.10±0.71 35.05±3.55 17.38±3.21 31.90±3.83

1 year after surgery 65.37±1.41 35.10±2.58 16.96±2.75 30.11±3.54*

2 years after surgery 65.44±4.24 35.54±3.14 16.77±2.71 30.24±4.78*

3 years after surgery 65.78±2.12 36.12±2.16 16.63±1.41 29.96±5.39*

4 years after surgery 65.58±3.54 36.51±2.83 16.56±2.74 29.79±4.04*

5 years after surgery 65.72±3.72 36.38±2.12 16.45±3.56 29.65±3.76*

Compare with T0, *P < 0.05

Table 2. Follow-up data of ECG after MITC

Time point Ventricular rate 
(beats/min)

PR interval (ms) QRS interval (ms) QTc (ms) SV1+RV5 (mV) Incidence of left axis 
deviation (%)

T0 113.59±14.3 128.22±9.23 79.74±12.28 415.15±13.03 4.06±1.16 41.7

T1 115.12±13.31 132.09±10.82* 82.63±7.4 417.44±13.52 3.90±1.14 39.7

T2 114.32±14.36 133.91±9.93* 86.82±12.06* 417.19±18.72 3.89±1.16 36.9

T3 112.85±13.92 132.61±10.2* 85.79±12.59* 416.31±18.14 3.94±1.11 34.9

T4 115.08±14.26 129.48±9.61 81.34±9.76 416.95±12.83 4.02±1.14 31.3

T5 112.81±13.86 129.34±9.18 80.42±10.66 415.38±12.87 3.86±1.1 29.8

T6 112.93±14.19 126.59±9.21 78.24±13.18 417.69±12.4 3.38±0.87* 23.8*

1 year after surgery 115.64±13.98 128.83±9.54 79.43±12.34 416.4±12.41 3.22±1.1* 16.7*

2 years after surgery 114.66±14.27 127.49±9.85 81.02±13.19 415.58±13.38 3.15±1.11* 13.9*

3 years after surgery 116.07±13.96 129.67±9.3 81.53±12.34 415.33±12.96 3.04±1.16* 11.9*

4 years after surgery 113.92±13.86 126.66±9.58 80.48±12.77 418.23±12.04 2.99±1.15* 11.1*

5 years after surgery 113.10±14.30 129.11±9.2 81.42±12.38 417.39±13.04 2.9±1.2* 9.5*

Compared with the preoperative data, *P < 0.05
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In China and abroad, follow-up studies on the changes in 
ECG indices after VSD development mostly have focused on 
VSD repair and percutaneous VSD intervention, and there 
are few studies on MITC against VSD. Tucker et al. [Tucker 
2007] reported the results of a 20-year follow up of 4432 
patients, who underwent surgical repair for VSD, including 
48 cases of complete atrioventricular block implanted with 
permanent pacemakers (1.1%). Twelve patients who had peri-
membranous VSD underwent periventricular closure by a 

minimally invasive incision without CPB; all procedures were 
successful with no operative mortality, atrioventricular block, 
new aortic incompetence, or residual shunt [Zeng 2008]. New 
techniques and devices have revolutionized the transcatheter 
technique but still cannot achieve the surgical ability to close 
all types of atrial septal defect or VSD, control arrhythmias, 
and correct additional valve disease or malformation [Cho 
2017]. This study showed that the incidence of early arrhyth-
mias after MITC for VSD was 12.7%, among which IRBBB 

Table 3. Incidence of abnormal ECG at different time points s after MITC in 252 VSD patients [n, (%)]

Type of arrhythmia T1 T2 T3 T4 T5 T6 1 year 
after 

surgery

2 years 
after 

surgery

3 years 
after 

surgery

4 years 
after 

surgery

5 years 
after 

surgery

1°AVB 3 (1.2) 5 (2.0) 4 (1.6) 2 (0.8) 2 (0.8) 1 (0.4) - - - - -

IRBBB 10 (4.0) 16 (6.3) 14 (5.6) 8 (3.2) 6 (2.4) 5 (2.0) 4 (1.6) 3 (1.2) 2 (0.8) 2 (0.8) 2 (0.8)

CRBBB - 2 (0.8) 2 (0.8) 1 (0.4) 1 (0.4) 1 (0.4) 1 (0.4) - - - -

Atrial premature beat 2 (0.8) 2 (0.8) 1 (0.4) 1 (0.4) - - - - - - -

Ventricular premature 
beat

2 (0.8) 3 (1.2) 2 (0.8) 1 (0.4) 1 (0.4) 1 (0.4) - - - - -

ST-T change 2 (0.8) 4 (1.6) 3 (1.2) 1 (0.4) - - - - - - -

- refers to N/A

Table 4. Comparison of continuous variables between the patients with or without postoperative arrhythmia

Non-arrhythmia group Arrhythmia group Z/F P

Age (month) 22.25±24.32 26.97±29.67 -0.831 0.406

Weight (kg) 11.74±6.77 14.40±16.21 -0.405 0.685

Gender

   Male 103 16 0.138 0.710

   Female 119 16

Defect site

Peripheral membrane 183 29 1.619 0.655

   Intra-crista 16 2

   Super-crista 3 0

   Sub-trunk 20 1

Membranous tumor

   No 69 19 9.778 0.002

   Yes 153 13

VSD diameter (mm) 3.37±1.43 4.28±1.92 -2.871 0.004

Operation time (min) 63.34±25.07 77.83±23.37 8.971 0.003

Occluder model (mm) 5.36±1.28 6.50±1.66 -4.104 0.000

Occluder type

   Symmetrical 191 30 4.777 0.029

   Eccentric 31 2
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and first-degree atrioventricular block were more common, 
and only two cases of CRBBB occurred. After 5 years of 
follow up, the cases eventually converted to IRBBB; this is 
considered to be relevant to insufficient experience, which led 
to the selection of a larger occluder. No serious arrhythmia or 
delayed arrhythmia occurred in this study, which shows that 
the incidence of arrhythmia after MITC is generally low. No 
serious arrhythmia occurred, considering that transthoracic 
occlusion does not require the establishment of a full deliv-
ery track across the tricuspid annulus through the vena cava 
and aorta, making the operation distance short with strong 
controllability [Cardiovascular Surgeons Branch of Chinese 
Medical Association 2011]. The sheath can enter the VSD 
from a basically vertical angle, thus avoiding repeated stimu-
lation to the internal catheter of the heart cavity; at the same 
time, intraoperative esophageal ultrasound is used for full-
time, real-time, and dynamic evaluation of the size, shape, 
adjacency, and valve regurgitation of the VSD [Lee 2015; 
Cresti 2018].

The multivariate logistic regression analysis showed that 
the risk factors for postoperative arrhythmia were as follows: 
1) VSD diameter: The larger the diameter of the VSD, the 
closer the conduction bundle is to the edge of the defect or 
even direct exposure. Therefore, the conduction bundle is 
more susceptible to intraoperative stimulation and to injury 
caused by the pressure of the occluder; at the same time, the 
larger the VSD, the greater the shunt in the heart cavity, the 
greater the impact on the hemodynamics, and the greater the 
likelihood of myocardial damage and secondary fibrosis of the 
heart endometrium at the edge of the VSD, which may form 
scars, involve the conduction system, and cause arrhythmia 
[Schlotter 2016]. 2) Occluder size: The larger the diameter 
of the occluder, the closer the outer edge of the occluder is 
to the conduction bundle, and the easier it is to directly com-
press the conduction bundle or cause higher tension at the 
edge of the VSD, thus causing edema around the defect and 
indirectly compressing the conduction bundle of the heart 
[Stonawski 2018]. 3) Presence of a membranous bulging 
tumor: The postoperative impact of membranous tumors in 
VSD on the incidence of arrhythmia is inconclusive. Szkut-
nik et al. [Szkutnik 2007] reported that the probability of 
postoperative arrhythmia caused by membranous tumors in 
VSD is significantly increased; however, Wu et al. [Wu 2009] 
believe there is no correlation between membranous tumors 
and postoperative arrhythmias. This study showed that the 

presence of membranous tumors is a protective factor against 
postoperative arrhythmias, and children without membra-
nous tumors are more prone to experiencing arrhythmia after 
surgery. This may be attributed to the fact that when blocking 
VSD combined with membranous tumors, the left umbrella 
disk will be pulled into the tumor as much as possible to 
reduce the compression of the occluder on the surround-
ing tissue of the defect, thereby reducing the probability of 
arrhythmia.

On the ECG during follow up, the PR interval was pro-
longed at T1–3 and the QRS interval at T2 and T3. When the 
occluder touches, squeezes, and rubs the surrounding tissue, 
myocardial edema easily can occur, which then involves the 
conduction bundle and prolongs the PR interval and QRS 
interval; this is attributed to the close relationship between 
VSD and the conduction bundle. This also may explain why 
arrhythmia more often occurs in this period; thus, ECG indi-
ces should be monitored closely within 1 week after surgery. 
Owing to the large amount of left-to-right shunting in the 
heart cavity of patients with VSD, the left ventricle is enlarged 
and gradually thickened due to overcapacity. On EGC, the 
amplitudes of the Vl-lead S wave+V5-lead R wave and the 
electrical axis commonly are used to indirectly measure the 
left ventricular load and the changes in the degree of hyper-
trophy. Therefore, we opted to evaluate the Vl-lead S wave, 
V5-lead R wave, and left axis deviation. By comparison, the 
SV1+RV5 amplitude showed a significant downward trend 
since T6, and the left axis deviation recovered significantly 
at T6. The reason is that after closure, the ventricular hori-
zontal shunt disappears, and the left ventricular end-diastolic 
diameter gradually decreases over time; thus, the heart load is 
reduced, and the compliance changes.

The reasons for the low incidence of arrhythmia included 
the following: 1) Unlike in traditional CPB and transcatheter 
VSD closure, there is no need to establish a complete delivery 
track across the tricuspid annulus through the vena cava and 
aorta and to suture under CPB in MITC. Herein, the sheath 
of the VSD was vertical to the VSD, avoiding repeated stimu-
lation of the catheter. 2) This procedure is conducive to the 
choice of occluder size and type; thus, the selected occluder is 
often smaller than that in the transcatheter approach, which 
can minimize the friction and compression on the edge of 
the defect, especially the damage to the conduction bundle 
around the VSD. As such, the incidence of arrhythmia was 
low, and there was no serious arrhythmia. 3) Because of the 

Table 5. Binary multivariate logistic regression analysis of risk factors for arrhythmia after MITC

Item B SD Val Significance OR 95% CI of OR 
lower limit

95% CI of OR 
upper limit

Aneurysm of membranous septum -1.777 0.466 14.559 0.000 0.169 0.068 0.421

VSD shunt (mm) 0.408 0.149 7.482 0.006 1.503 1.123 2.013

Operation time (min) 0.016 0.008 4.309 0.038 1.016 1.001 1.032

Occluder model (mm) 0.511 0.155 10.820 0.001 1.667 1.229 2.260

Constant -6.390 1.269 25.352 0.000 0.002
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careful, real-time, and dynamic evaluation of the size, shape, 
adjacent, and valve regurgitation of the VSD via ultrasound 
and the real-time observation of the ECG changes during 
surgery, we could select the appropriate occlude, according to 
the size and shape of the VSD to achieve individualized treat-
ment; therefore, no serious arrhythmia occurred in this study.

In summary, we believe that MITC for VSD is safe and 
reliable. Although the incidence of postoperative arrhyth-
mia is low, the following points should be achieved to avoid 
myocardial damage as much as possible: 1) The surgeon must 
have abundant knowledge of cardiac anatomy and cardiac 
ultrasound, and the sonographer must have extensive expe-
rience of cardiac ultrasound examination and can cooperate 
with the surgeon in tacit understanding, so that the most suit-
able occluder can be selected from professional perspectives 
to avoid closure injury to the surrounding tissues. 2) Surgical 
indications should be strictly followed, and ultrasound find-
ings should carefully be checked before surgery. For children 
with large VSD around the membrane without membranous 
tumors, closure should not be performed under any risk, 
which will easily increase the risk of arrhythmia. 3) Intraop-
erative esophageal ultrasound should be performed to explore 
the position and size of VSD in multiple aspects for select-
ing the appropriate occluder as much as possible; meanwhile, 
the number of intraoperative occluder replacements should 
be reduced. 4) The surgical skills should be standardized; the 
movements should be gentle; and the operation time should 
be reduced, thus avoiding repeated stimulation to the edge 
of the VSD and causing myocardial edema. 5) Postopera-
tive ECG changes should be closely monitored, and regular 
reviews should be performed to facilitate early detection and 
treatment.

MITC technology has developed rapidly in recent years 
and routinely has been used in many Chinese heart centers; 
however, long-term follow-up data still are lacking. This 
study objectively explored the long-term efficacy of this pro-
cedure and the related prognosis based on ECG indices and 
provided objective data for actual follow up and evaluation 
and strong evidence for the safety of this technology.
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