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ABSTRACT

Objectives: To explore the feasibility and efficacy of electrophysiology guidance for transcatheter closure of peri-
membranous ventricular septal defect (PmVSD) in adults. Methods: Adult patients with PmVSD who underwent
transcatheter in Guangdong Provincial People’s Hospital, Guangdong Cardiovascular Institute from February
2016 to January 2018 were selected. The distribution of the His-Purkinje system (HPS) close to the margins of
PmVSD in the left ventricle was identified using three-dimensional (3D) electro-anatomic mapping and near-field
HPS was further confirmed by different pacing protocols. The follow-up protocol included electrocardiogram
(ECG)and transthoracic echocardiography at 6, 24, 72 h, 1, 3, 6 months and 1, 2, 3, 5 years after the procedure.
Results: Of the 21 patients in the study, with an average age of 28.1 years, 61.9% were female and 38.1% were
male. Eighteen patients (85.7%) successfully underwent transcatheter intervention. The minimum distance
between the margins of the PmVSD and near-field HPS ranged from 2.5 ± 0.7 (1.3~3.9) mm. An average fol-
low-up period was 4.1 ± 1.3 (0.25~5) years, median of which was 5 years. 1, 3, 5-year follow-up rate was
95.2%, 90.4% and 52.4%, respectively. At the end of the follow-up, ECG abnormalities were observed in 5 cases
(23.8%), including left anterior hemiblock (LAH) in 3 cases (14.3%), incomplete right bundle branch block and
LAH in 1 case (4.8%), premature atrial contraction in 1 case (4.8%). Mild tricuspid regurgitation (TR) and mild
TR with mild mitral regurgitation with mild aortic regurgitation was observed in 1 case (4.8%), as well as left
ventricular diastolic dysfunction. Conclusions: The study indicates that the results have guiding significance
for transcatheter closure of PmVSD guided by 3D electro-anatomic mapping technique. However, this method
requires a larger amount of clinical research data to support.
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3D Three-dimensional
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AVB Atrioventricular block
CLBBB Complete left bundle branch block
TTE Trans Esophageal Echocardiography
LV left ventricle
LVG Left ventriculography
MC Mapping catheter
NYHA New York Heart Association
SR Sinus rhythm
PAC Premature atrial contraction
LAH Left anterior branch block
IRBBB Incomplete right bundle branch block
CRBBB Complete right bundle branch block
AIJR Accelerated junctional autonomic rhythm

1 Introduction

Ventricular septal defects (VSD) account for up to 40% of all congenital cardiac disease [1]. The
diagnosis encompasses a wide spectrum of anomalies, including isolated defects and those associated
with other congenital cardiac malformations [1]. The defects can be categorized based on their anatomical
locations into perimembranous, myocardial, intracrural, or substernal, with perimembranous defects being
the most prevalent, accounting for approximately 60% to 70% of all VSD cases. Anatomically, the
bundle of Hitchcock typically courses to the left ventricular side of the posterior inferior border of the
PmVSD, making interventional procedures in this area likely to damage the conduction system [2].
According to the follow-up results after PmVSD closure, the incidence of left bundle branch block ranges
from 0%–8.2%, and the incidence of complete atrioventricular block (AVB) ranges from 0%–3.5% [2].
Therefore, the 2008 American Heart Association guidelines for adults with precordial heart disease did
not recommend interventional occlusion for PmVSD [3]. Subsequently, the 2010 European Society of
Cardiology guidelines for adults acknowledged clinical evidence supporting the use of interventional
occlusion in PmVSD but also brought to light significant postoperative challenges, including the
emergence of ECG abnormalities [4]. To prevent perioperative AVB following VSD closure, the most
commonly used methods include intravenous dexamethasone administration, strict electrocardiograph
monitoring, and the use of a loop recorder device post-discharge. If AVB occurs, therapies such as
mannitol for dehydration may alleviate myocardial edema and aid in the recovery of the conduction
system. However, some cases of delayed complete AVB have been observed years after the interventional
closure of VSD [5]. If irreversible complete left bundle branch block (CLBBB) develops post-closure, it
can lead to irreversible left ventricular dilatation, severe biventricular electro-mechanical desynchrony,
and reduced cardiac ejection fraction, resulting in poor prognosis of left bundle branch block
cardiomyopathy [6,7]. Therefore, the long-term efficacy of transcatheter intervention for PmVSD in
adults needs objective evaluation.

Recently, researchers have investigated the effects of interventional occlusion of ventricular septal
defects on the cardiac conduction system using cardiac electrophysiological techniques. By tracing
intracavitary His electrograms via electrophysiological examination both before and after occlusion,
changes in A-H, H-V, and A-V intervals were measured and compared to identify predictors of
conduction block and to guide occlusion strategies [8,9]. In this study, patients who underwent
electrophysiological marker-guided PmVSD interventional closure were followed up for five years. The
objective was to investigate the long-term outcomes of electrophysiological marker-guided closure of
PmVSD in adults.
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2 Methods

2.1 General Data
The population of our study consisted of 21 patients with PmVSD who underwent interventional

treatment at Guangdong Provincial People’s Hospital, Guangdong Institute of Cardiovascular Diseases
from February 2016 to January 2018. This study was approved by the Research Ethics Committee of
Guangdong General Hospital, Guangdong, China on July 24, 2015 (No. GDREC2015254H(R1)). Data
from all participants were de-identified; thus, the need for informed consent was waived. The inclusion
criteria were detailed in the previous study [10]. Inclusion criteria: (1) age over 18 years; (2) simple VSD
with hemodynamic abnormalities, diameter >3 mm and <14 mm; (3) ultrasound at the position of
9–12 points in the short-axis five-chamber heart section of the great vessels; (4) distance of the upper
edge of the VSD from the right coronary valve Angiography of the aorta ≥2 mm, without aortic right
coronary valve prolapse into the VSD and aortic valve regurgitation. (5) VSD superior margin <2 mm
from the right aortic coronary valve, no aortic right coronary valve prolapse, no combined aortic
regurgitation, or combined mild aortic regurgitation. Exclusion criteria: (1) infective endocarditis or intra-
cardiac flab, or a combination of serious infectious disease; (2) thrombus at the placement of the blocker
or venous thrombosis in the catheter insertion pathway; (3) co-morbid bleeding disorders and
thrombocytopenia; (4) significant hepatic or renal abnormalities; (5) previous surgical occlusion of the
VSD or valve replacement or repair for co-morbid valve disease; (6) trisomy-21.

2.2 Study Design

2.2.1 Interventional Treatment
The patient was admitted one day before the procedure and underwent preoperative investigations,

including urinalysis and complete blood count, liver and kidney function, electrolytes, coagulation
parameters, ECG, chest X-ray TTE, etc. Informed consent forms were signed for interventional occlusion
and the electrophysiological examination. The interventional treatment was detailed in the previous study
[10]. Angiography of the left ventricle (LV) was performed to determine the PmVSD and the aortic valve
(Fig. 1A). An occluder was selected based on the diameter of the PmVSD. A mapping catheter (NaviStar
4 mm; Biosense Webster, Diamond Bar, CA, USA) was utilized to conduct 3D electroanatomic mapping
of the HPS in the LV (Fig. 1B). The location of the mapping catheter was also confirmed by TTE
(Fig. 1C). To ensure that the aortic valve was not compromised, aortography was performed before
releasing the occluder (Fig. 1D) [10]. The PmVSD site, the area of distribution of the HPS near the
PmVSD, and the left ventricle were rapidly and accurately modeled point-to-point using the 3D
electrophysiological scaler Carto system with a scaler catheter. The pacing was performed with different
stimulation currents (20, 15, 10, 5 mA) and pulse widths (2, 1.5, 1, 0.5 ms) at the edge of the PmVSD
and at the nearest area of the His-Purkinje system, respectively. The criteria for His capture were: 1. QRS
wave width less than 120 ms; 2. QRS pattern close to subsinus pattern; 3. S-QRS close to subsinus HV
interval. The morphology of the VSD under left ventriculography, the size of the defect, and the distance
between the defect and the aortic valve were determined at the end of the marker test. Ventricular septal
defect blockers and occluders made by Beijing Starway Medical Technology Incorporated Company
(Beijing, China) and Shenzhen Lifetech Company (Shenzhen, China) were selected, each of which was
divided into two types: symmetrical and small waist and large side type. If a high degree of
atrioventricular block occurs intraoperatively or if a complete left bundle branch block is present,
occlusion should be abandoned. The accuracy of the 3DEP/PmVSD map with the Carto system (Biosense
Webster, Diamond Bar, CA, USA) is 0.1 mm (Figs. 1 and 2).

Patients experiencing post-procedure arrhythmic events underwent 24-h bedside ECG monitoring and
received corticosteroid therapy to mitigate occluder-related mechanical compression and myocardial
edema. All patients were prescribed daily oral aspirin (100 mg) for a six-month period after the procedure.
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2.2.2 Postoperative Follow-Up and End-Point
ECG and Cardiac ultrasound were repeated for 6, 24, 72 h, 1 week, 1, 3, 6 months, 1, 2, 3, and 5 years

after procedure. The findings at each visit were recorded in an electronic database by well-trained personnel.
All patients were regularly followed-up at the outpatient clinic. The primary end-point of the study is the
development of severe arrhythmias in patients postoperatively, including complete left bundle branch
block, accelerated junctional voluntary rhythm, and complete atrioventricular block.

2.3 Statistical Analysis
SPSS 24.0 was used for statistical analysis. Measurement data were expressed in (X±S) and counting

data were expressed in frequency (n) and percentage (%); The analysis of the measurement data was
carried out by using two samples of independent t-test method, and the comparison of the counting data
between the two was using 2 test or Fisher exact probability method, and the difference in p < 0.05 could
be considered statistically significant. Statistical analyses were performed using SPSS version 24.0 (IBM
Corp., Armonk, NY, USA).

3 Results

3.1 Basic Characteristics
8 male and 13 female patients were included in this study, aged between 18 and 48 years. All the patients

were classified as New York Heart Association (NYHA) Class I. A septal aneurysm was present with the

Figure 1: PmVSDs: transcatheter occlusion and three-dimensional mapping. (A) Identification of PmVSD
using left ventriculography (LVG). (B) Mapping catheter (MC) placement within a pmVSD. (C)
Transthoracic echocardiography verification of MC positioning at PmVSD borders. (D) LVG before the
occluder releasing [10]
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defect in 14 patients (66.7%) The mean septal defect blocker diameter was 6.4 ± 1.9 mm (5–12 mm). Three-
dimensional electrophysiological markers were measured at a distance of 2.5 ± 0.7 mm between the near-
field HPS and PmVSD, and 5 patients were measured at a distance of <2 mm (See Table 1). Among
them, three patients discontinued the procedure due to severe arrhythmic events during closure (14.3%),
two of them developed complete left bundle branch block after the intervention, and one of them
developed accelerated junctional autonomic rhythm with incomplete left bundle branch block after
termination of conversion to surgical treatment.

Figure 2: 3D map of His region, the left bundle branch, and PmVSD. White dots indicate the location of
PmVSD. Near-field HPS activation can be detected adjacent to the PmVSD (Sites 1 and 4), while there
was no Purkinje potential observed within the PmVSD (Site 2). The 3D map also shows Purkinje
potentials (Sites 3, and 5–8), representing left anterior fascicular (Sites 3, 5, and 7) as well as left
posterior fascicular (Sites 6 and 8) activations. The 3D map measurements reveal distances of 2.9 mm
(Sites 1–2) and 3.4 mm (Sites 2–4) between PmVSD margins and near-field HPS

Table 1: Basic information of study subjects

Interm Basic information

Gender Male (38.1%)

Female (61.9%)

Age 28.1 ± 9.2 (18–48) years old

NYHA classification Class 1 (100%)

Septal aneurysm 14/21, 66.7%

Basal width of septal aneurysm 10.4 ± 3.4 mm (6.4–17 mm)

Height of septal aneurysm 8.1 ± 2.3 mm (5.3–13.3 mm)

VSD size 5.1 ± 1.6 mm (2.9–8.5 mm)

Successful treatment 85.7%

Thin-waist blocker 61.1%
(Continued)
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3.2 Follow-Up
By the follow-up endpoint of February 2022, 21 subjects were monitored with a mean follow-up

duration of 4.1 ± 1.3 (0.25–5) years. A total of 18 patients were successfully recalled, resulting in a recall
rate of 85.7%. The median follow-up time was 5 years. The follow-up rates were 95.2% at 1 year, 90.4%
at 3 years, and 52.4% at 5 years.

3.3 ECG Follow-Up Results
In this study, we observed that nearly 40% of patients did not experience arrhythmia during the whole

procedure oral mid- and long-term follow-up (38.1%). By the respective follow-up endpoint, 5 patients
(21.7%) had abnormal ECG. Among them, there were three cases of left anterior branch block, one case
of atrial asystole, and one case of left anterior branch block with IRBBB.

3.3.1 Change of Preoperative Abnormal ECG
There were 5 cases (21.7%) of preoperative abnormal ECG. One patient with a left anterior branch block

developed into accelerated junctional autonomic rhythm with incomplete left bundle branch block from
intraoperative to 6 h after the procedure and the procedure was terminated. 24 h after the procedure, the
left anterior branch block was restored, and the patient was transferred to surgery. The rest of the patients
had no change until the follow-up endpoint.

3.3.2 Transition of Patients with New ECG Abnormalities from Intraoperative to 24 h Postoperative
Among the patients with normal preoperative ECG, a total of 7 patients developed ECG abnormalities

within 24 h postoperatively. Among them, there were 2 cases of left anterior branch block, 2 cases of
complete left bundle branch block (both terminated the operation), 2 cases of conversion of left anterior
branch block to complete right bundle branch block, and 1 case of conversion of left anterior branch
block to IRBBB, all of which returned to normal ECG in 1 month (See Table 2).

Table 1 (continued)

Interm Basic information

Symmetrical blocker 38.9%

Diameter of blocker 6.4 ± 1.9 mm (5–12 mm)

Electrophysiological measure distance 2.5 ± 0.7 mm (1.3–3.9 mm)

Distance <2 mm 27.8%

Table 2: Electrocardiographic follow-up

No. Defect size (mm) VSD to His (mm) Procedure Preprocedure Postprocedure

6 h 24 h 72 h 7 days

1 3.5 >15 Yes SR SR SR SR SR

2 5.6 >15 Yes PAC PAC PAC PAC PAC

3 2.9 9 Yes SR SR SR SR SR

4 6 >15 Yes SR SR SR SR SR

5 5 >15 Yes SR LAH SR SR SR

6 4 >15 Yes LAH + IRBBB LAH + IRBBB LAH + IRBBB LAH + IRBBB LAH + IRBBB

(Continued)
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Table 2 (continued)

No. Defect size (mm) VSD to His (mm) Procedure Preprocedure Postprocedure

6 h 24 h 72 h 7 days

7 4 >15 Yes SR SR SR SR SR

8 4 >15 Yes LAH LAH LAH LAH LAH

9 6.8 13.9 No SR CLBBB SR SR SR

10 8 >15 Yes SR LAH IRBBB IRBBB IRBBB

11 3 >15 Yes SR SR SR SR SR

12 3.6 13.9 Yes SR SR SR CLBBB CLBBB

13 5,3 4.1 Yes SR SR SR SR SR

14 5.1 13.4 Yes SR SR SR SR SR

15 4.3 8.1 Yes SR LAH SR SR SR

16 3 8.7 Yes SR SR SR SR SR

17 6 10.5 Yes SR LAH CRBBB AIJR SR

18 5 14.2 No LAH AIJR + CLBBB LAH LAH LAH

19 8.5 >15 Yes LAH LAH LAH LAH LAH

20 4 >15 No SR CLBBB SR SR SR

21 6 >15 Yes SR LAH CRBBB AIJR + CLBBB SR

No. 1 month 3 months 6 months 12 months 24 months 36 months 48 months 60 months

1 SR SR SR SR SR SR SR SR

2 PAC PAC PAC PAC PAC PAC PAC PAC

3 SR SR SR SR SR SR SR SR

4 SR SR SR SR SR SR SR SR

5 SR SR SR SR SR SR SR SR

6 LAH + IRBBB LAH + IRBBB LAH + IRBBB LA + IRBBB LAH + IRBBB LAH + IRBBB LAH + IRBBB LAH + IRBBB

7 SR SR SR SR SR SR SR SR

8 LAH LAH LAH LAH LAH LAH LAH LAH

9 SR SR SR SR SR SR SR SR

10 IRBBB SR SR SR SR SR SR NA

11 SR SR SR SR SR SR SR SR

12 SR SR SR SR SR SR SR SR

13 SR SR SR SR SR SR SR NA

14 SR SR SR SR SR SR SR NA

15 SR SR SR SR SR SR SR NA

16 SR SR SR SR SR SR SR NA

17 SR LAH SR SR SR SR NA NA

18 LAH LAH LAH LAH LAH LAH NA NA

19 LAH LAH LAH LAH NA NA NA NA

20 SR SR SR SR SR SR SR NA

21 SR SR SR SR SR SR SR NA

Note: His: his bundle: SR: sinus rhythm; PAC: premature atrial contraction; LAH: left anterior branchblock: CLBBB: complete left bumdle branch
block: IRBBB: incomplete right bundle branchblock: CRBBB: complete right bundle branch block, AliR: accelerated junctional autonomicrhythm.
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3.3.3 Delayed Conduction Block
One patient had a left anterior branch conduction block at the 3-month postoperative follow-up, and no

further postoperative ECG abnormalities were found at the continued follow-up and 24-h ambulatory ECG
review 1 year after the procedure.

3.4 Echocardiographic Follow-Up Results
Preoperatively, 21 patients had PmVSD confirmed by TTE, among these patients, TTE suggested mild

tricuspid regurgitation in 8 patients (38.1%), combined with moderate tricuspid regurgitation in 1 patient
(4.8%), combined with mild mitral regurgitation in 1 patient (4.8%), combined with oval foramen non-
occlusion in 1 patient (4.8%), and suggested bifid aortic valve with mild stenosis in 1 patient (4.8%).

At the follow-up endpoint, a total of 17 patients completed echocardiography 1 year or more after
treatment. Echocardiography was performed one year postoperatively in 11 patients (64.7%), three years
postoperatively in two patients (11.8%), four years postoperatively in three patients (17.6%), and five
years postoperatively in one patient (5.9%). Residual shunt was not observed in any of the patients, and
1 case had combined mild tricuspid regurgitation (4.8%) and 1 case had combined mild mitral
regurgitation with mild tricuspid regurgitation and mild aortic regurgitation (4.8%). A mild aortic
regurgitation was seen in 1 patient after the intervention, similar to the pre-intervention comparison. No
new aortic regurgitation or aggravation of mild regurgitation of the existing valve, no significant tricuspid
valve regurgitation, and no right ventricular outflow tract stenosis were seen at follow-up. Paired-sample
t-tests of preoperative and follow-up endpoint echocardiograms showed statistically significant differences
in left ventricular end-systolic and right ventricular outflow tract anteroposterior diameters and pulmonary
valve orifice flow velocities (p < 0.05) (See Table 3).

4 Discussion

In this study, severe perioperative block occurred in patients with a distance of <2 mm between the edge
of PmVSD and the near-field HPS bundle, and no new serious arrhythmic events occurred at follow-up after
termination of the procedure. No serious complications such as complete atrioventricular block occurred at

Table 3: Comparison of preoperative and follow-up endpoint echocardiographic findings

Indicators Pre-operative Follow-up endpoint t-value p-value

Left atrial size (mm) 31 ± 3.84 30.5 ± 4.40 0.613 0.548

Main pulmonary artery (mm) 20.65 ± 2,69 20.65 ± 2.57 0.000 1.000

Left ventricular end-diastolic anterior-posterior diameter (mm) 46.82 ± 4.89 44.82 ± 5.52 1.879 0.079

Left ventricular end-systole (mm) 28.71 ± 3.79 27.29 ± 3.69 2.400 0.029

Right ventricular outflow tract anteroposterior diameter (mm) 19.13 ± 2.83 22.06 ± 4.52 −3.179 0.006

Ascending aorta (mm) 25.73 ± 3.33 25.87 ± 3.46 −0.231 0.820

Right atrial upper and lower diameter (mm) 39.59 ± 10.57 41 ± 5.32 −0.561 0.583

Upper and lower right chamber diameter (mm) 48.53 ± 4.23 49.27 ± 7.85 −0.0403 0.693

Ventricular septum (mm) 7.87 ± 1.04 8.15 ± 1.22 −0.970 0.347

Left ventricular posterior wall (mm) 8.04 ± 1.26 8.04 ± 1.24 −0.016 0.988

Left ventricular ejection fraction (%) 68.65 ± 5.11 66.88 ± 6.26 0.928 0.367

Mitral valve orifice flow velocity (m/s) 0.90 ± 0.16 0.79 ± 0.22 1.838 0.086

Aortic valve orifice flow rate (m/s) 1.34 ± 0.36 1.29 ± 0.22 0.712 0.487

Pulmonary valve orifice flow rate (m/s) 1.18 ± 0.27 0.98 ± 0.17 2.391 0.030

Tricuspid valve orifice flow velocity (m/s) 0.57 ± 0.10 0.57 ± 0.07 0.161 0.874
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the 5-year follow-up. No new aortic regurgitation or mild worsening of existing regurgitation, no significant
tricuspid valve involvement, and no right ventricular outflow tract stenosis were observed, as confirmed by
echocardiography. In addition, no severe complications such as death, cardiac perforation, infective
endocarditis, device-related thrombosis, or occluded placement occurred. These findings suggested that
electrophysiological marker technology can effectively guide peri membranous septal defect closure and
prevent the occurrence of conduction block.

Arrhythmia is a significant complication of interventional blockade for PmVSD. Previous studies have
reported that the incidence of right bundle branch block after interventional blockade for PmVSD can be
around 0%–10.5%, left bundle branch block at 0%–8.2%, and complete AV block at 0%–5.8% [11–15].
Based on the timing of arrhythmia onset, the concept of early-onset and late-onset arrhythmias has been
proposed to be defined by a time point of 1 month postoperatively [16–18]. Arrhythmias that occur
immediately intraoperatively are often caused by repeated stimulation of the ventricular septum during
catheterization, are transient, and generally have a good prognosis; in such cases, the patient’s arrhythmia
can be resolved by briefly halting the procedure or adjusting the catheter position, with no special
treatment required. However, delayed arrhythmias, such as complete left bundle branch block, are often
asymptomatic and can be easily overlooked. In the long run, these arrhythmias can cause ventricular
contraction asynchrony, leading to delayed left ventricular contraction and then abnormal ventricular wall
motion and ejection fraction, progressing to left bundle branch block cardiomyopathy and gradually
developing into ventricular dilatation and heart failure [7,8]. At the end of the follow-up, ECG
abnormalities were observed in 5 cases (23.8%), including left anterior hemiblock (LAH) in 3 cases
(14.3%), IRBBB and LAH in 1 case (4.8%), premature atrial contraction in 1 case (4.8%). Mild tricuspid
regurgitation (TR) and mild TR with mild mitral regurgitation with mild aortic regurgitation were
observed in 1 case (4.8%), as well as left ventricular diastolic dysfunction. At the end of the follow-up,
the results we summarized above have guiding significance for transcatheter closure of PmVSD guided
by the 3D electro-anatomic mapping technique.

In this study, no distant complete atrioventricular block events were detected during a mean follow-up
period of 4.1 years. Follow-up echocardiography revealed an important reduction in left ventricular end-
systolic size, an increase in the anteroposterior diameter of the right ventricular outflow tract, and a
significant reduction in pulmonary valve orifice flow velocity (p < 0.05). These results show that the
volume load of the left heart system was reduced, which significantly improved the high volume and
hyperkinetic state of the left heart system, and the hemodynamic changes were gradually restored. The
long-term follow-up results confirmed that ventricular septal defect occlusion guided by
electrophysiological marker measurements is safe and effective.

Based on the concern about the occurrence of atrioventricular block after interventional occlusion for
PmVSD, international guidelines have not included PmVSD as an indication for interventional occlusion.
However, with the help of 3D electro-anatomical landmarking technology, it is expected that the
indications for interventional closure can be expanded. For patients with a PmVSD edge less than 2 mm
from His before occlusion, an interventional occlusion strategy should be carefully chosen. For patients
with a distance greater than 2 mm, the occluder is less likely to damage the conduction system.
Combining catheter occlusion with 3Delectroanatomical landmarking techniques and good management
of long-term follow-up after occlusion will hopefully reduce the occurrence of postoperative conduction
block events.VSD closure using 3D electroanatomical landmarking techniques is a promising therapy that
may reduce the incidence of perioperative and long-term conduction block events. Further large-scale
clinical trials and detailed studies are necessary to confirm its clinical implications.

Study Limitations: While this research highlighted substantial advantages, it also faced certain
constraints. Notably, the study did not employ an ultrasound catheter to enhance understanding of local
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anatomy. Additionally, the research was constrained by a limited sample size. Second, the small sample size
is the limitation of this study. Due to the limited population of adult patients with VSD, reliability might be
impacted by this study [10]. Previously, we successfully utilized this mapping method to avoid three
potential cases of atrioventricular block. The primary objective of this study is to examine these patients’
long-term outcomes, necessitating larger studies with extended follow-up periods. Furthermore, the edge
between the PmVSD and near-field HPS, which could be crucial in predicting procedure-related
conduction disturbances, was not assessed. Fourth, patient diversity (age, comorbid conditions) and
procedural variability could be confounding factors, which significantly undermine the validity of the results.

5 Conclusions

The study indicates that the results have guiding significance for transcatheter closure of PmVSD guided
by the 3D electro-anatomic mapping technique. Severe perioperative block occurred in patients with a
distance of <2 mm between the edge of the PmVSD and the near-field His-Purkinje system bundle, and
no new serious arrhythmic events occurred at follow-up after termination of the procedure. However, this
method requires a larger amount of clinical research data to support it.
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