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Background: Ventricular septal defect (VSD) is one of the most common congenital heart diseases. This
study aims to evaluate the clinical value and benefit of transesophageal echocardiography (TEE) in transthoracic
minimally invasive closure of VSDs using a completely biodegradable occluders, summarize the main points of
surgical procedures, and analyze the follow-up results of short-term and medium-term treatment.

Methods: We conducted a retrospective analysis of 24 pediatric cases of VSD, successfully treated with
TEE-guided minimally invasive closure using fully biodegradable occluders between June 2019 and June
2022. The preoperative TEE meticulously examined the defect’s location, size, and surrounding anatomical
relationships, aiding in the selection of appropriate occluders and guiding the entire closure process. All
patients were followed up for 1 year.

Results: In our cohort, 13 cases were perimembranous inlet VSDs, and 11 involved VSDs with
membranous aneurysm formation. The effective shunt size of VSD measured by TEE preoperatively ranged
from 2.8 to 4.9 mm, with the defect located 2-6 mm from the aortic valve. Occluders used were 6-8 mm
in diameter. All 24 procedures were successful. TEE confirmed that the occluders were tightly fitted at the
edges of the VSDs. Twenty-three cases had no residual shunt post-surgery, while one case exhibited a small
left-to-right shunt (<1.5 mm) at the occluder’s edge. Follow-up was conducted on postoperative day 3, and in
months 1, 3, 6, and 12, showing that the occluder’s position remained normal in all patients. Except for one
child who had a 1.2 mm left-to-right shunt at the edge of the occluder, no residual shunts were observed in
the others. The occluder started to degrade from month 6, and the sizes of the left and right occluder discs
were significantly smaller compared to those on postoperative day 3 (P=0.003).

Conclusions: TEE-guided minimally invasive VSD occlusion using fully biodegradable occluders has the

advantages of minimal trauma, high safety, and few complications, with satisfactory recent efficacy, and good

prospects for clinical safety applications.
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Introduction

Ventricular septal defect (VSD) is one of the most common
congenital heart diseases (1,2), accounting for about
20-30% of all congenital heart diseases. Percutaneous
intervention or transthoracic minimally invasive occlusion
has been considered a safe and effective method for treating
VSDs (3-7), which not only effectively reduces the difficulty
and duration of surgical operation and trauma, but also the
need for circulation However, the closure devices used in
both medical and surgical transcatheter interventions are
commonly made of nickel-titanium alloy (8), which are non-
degradable. Six months after implantation, the occluder
surface is endothelialized and loses its value (9). An ideal
occluder should gradually degrade after endothelialization
until it disappears, avoiding the permanent presence of a
foreign body in the body.

Almost all types of VSD occluders used in clinical practice
at home and abroad are made or modified according to the
principle of the Amplatzer occluders (10,11), although the
structure and performance of domestic occluders have been
further optimized and their performance is better than that
of similar imported products. However, these occluders are
made of nickel-titanium alloy wire as the main stent and
lined with flow blocking membrane, and the metal foreign
body will remain in the heart for life after implantation.
An increasing number of clinical follow-up data shows
that some children have intermediate and long-term
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complications related to the implanted metal foreign body
(12-15), especially delayed fatal complete atrioventricular
block (16-18). The safety of this technology has been
questioned, and the U.S. Food and Drug Administration
has not approved the Amplatzer nickel-titanium VSD
occluder for clinical use. Various types of biodegradable
VSD occluders are still in the animal experimental stage
(9,19-22), and there are still many problems to be solved
regarding whether they can be used in humans.

In Children’s Hospital of Nanjing Medical University,
minimally invasive VSD closure using a completely
biodegradable occluder was successfully performed between
June 2019 and June 2022 under the guidance and monitoring
of transesophageal echocardiography (T'EE). This study
aimed to investigate the clinical value and application of
a fully degradable occluder, as well as the importance of
using TEE for guidance and monitoring in a minimally
invasive setup. We present this article in accordance with
the STROBE reporting checklist (available at https://cdt.
amegroups.com/article/view/10.21037/cdt-23-361/rc).

Methods
Ethical consideration

This study adheres to the principles of the Declaration of
Helsinki (as revised in 2013). This study obtained approval
from the Ethics Committee of the Children’s Hospital
of Nanjing Medical University (No. 2019-02-001-F01).
Informed consent has been obtained from all patients’
parents or legal guardians.

Participants

This is a retrospective cohort study. We included 24
children with VSDs from Children’s Hospital of Nanjing
Medical University, consisting of 10 males and 14 females,
aged from 1 year and 6 months to 10 years and 3 months,
with weights ranging from 10 to 58 kg. Prior to surgery, all
patients underwent transthoracic echocardiography (T'TE)
examinations. Thirteen of them were diagnosed with
perimembranous inflow tract VSDs, and eleven had VSDs
accompanied by membranous tumor formation. Apart
from five cases that presented with patent foramen ovale
(PFO), the remaining 19 cases were identified as having
simple VSDs. None of the children exhibited significant
valve regurgitation. The treatment plan was approved after
obtaining informed consent from the patients’ families.
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Figure 1 The blue object in the picture is the fully biodegradable
VSD occlude. VSD, ventricular septal defect.

Figure 2 The point with the smallest shunt angle and the closest

distance to the VSD was selected as the puncture point under
TEE guidance (open arrow). The position of the VSD had been
continuously monitored via TEE. VSD, ventricular septal defect;
TEE, transesophageal echocardiography; RA, right atrium; LA,
left atrium; LV, left ventricle; RV, right ventricle.

The inclusion criteria for children in this clinical trial
were as follows: (I) age >18 months, weight >10 kg; (II)
a simple VSD with hemodynamic abnormalities and
no other congenital malformations of the heart; (III) a
perimembranous type of VSD; (IV) an effective shunt
diameter of >3 and <10 mm; (V) defect distance >2 mm
from the aortic valve without aortic right coronary valve
prolapse into the VSD and aortic regurgitation; (VI) a
VSD with membranous aneurysm formation and a normal
right ventricular outflow tract; and (VII) no infective
endocarditis, intracardiac bulge, or other infectious diseases.

© Cardiovascular Diagnosis and Therapy. All rights reserved.

Zhang et al. A clinical investigation of TEE

Equipment

Philips IE 33 and Epic 7C color Doppler ultrasound diagnostic
instruments (Philips, USA) were used. The TTE probes were
S8-3 and S5-1 probes with frequencies from 1 to 8 MHz, and
the TEE probes were S7-3t pediatric multiplanar probes with
a diameter of 6 mm and frequencies from 4 to 7 MHz.

Occluder

"The fully biodegradable occluders (Figure I) are manufactured
by Shanghai Shape Memory Alloy Materials Co. Ltd. The
occluder structure is made of a polydioxanone (PDO) filament
woven and shaped, with a polylactic acid membrane, a PDO
filament suture, and a flow-blocking membrane sewn inside
the skeleton. All components are completely biodegradable.
After implantation, the occluder serves as a temporary
bridge to guide epithelialization along the occluder until the
defect is covered with tissue. Then, the occluder gradually
degrades until it completely disappears.

Surgical technique on TEE guidance

Before the surgery, the TEE probe is examined in 0°-180°
sections to observe the VSD site and its relationship with
the surrounding anatomy. The size of the VSD is measured,
and a suitable occluder model for backup is selected. The
patient is placed in a supine position, and a 1-2 c¢m incision
is made on the lower part of the sternum. The lower part of
the pericardium is cut longitudinally and suspended. The
surface of the anterior wall of the right ventricle is lightly
pressed with the index finger to avoid the coronary vessels.
The point with the smallest shunt angle and the closest
distance to the VSD is selected as the puncture point under
TEE guidance. The position of the VSD is continuously
monitored via TEE (Figure 2). A suture is made at the point
directly opposite to the VSD so that the guiding wire can
pass as vertically through the ventricular septum as possible.
A 20G puncture needle is chosen, and the straight end of
the guiding wire is inserted into the right ventricular cavity
(21 cm) after suspension. The guiding wire enters the left
ventricle through the shunt bundle of the VSD (Figure 3).
The outer sheath of the puncture needle is withdrawn, and
a 9F or 10F delivery sheath tube is introduced through the
guiding wire in the VSD into the left ventricular cavity
(Figure 4). This is confirmed on TEE as a sheath-like echo
in the left ventricular cavity, the ‘double line sign’ (Figure 5).
The inner core and guidewire are then removed. The
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Figure 3 The guiding (open arrow) wire entered the left ventricle
through the shunt bundle of the VSD. VSD, ventricular septal
defect; RA, right atrium; LA, left atrium; LV, left ventricle; RV,

right ventricle.

Figure 5 The inner core and guidewire were then removed. This
was confirmed on TEE as a sheath-like echo in the left ventricular
cavity, the “double line sign” (open arrow). TEE, transesophageal
echocardiography; RA, right atrium; LA, left atrium; LV, left

ventricle; RV, right ventricle.

Figure 4 Delivery sheath tube (open arrow) was introduced

through the guiding wire in the VSD into the left ventricular
cavity. VSD, ventricular septal defect; RA, right atrium; LA, left
atrium; LV, left ventricle; RV, right ventricle.

loaded fully biodegradable VSD occluder is inserted into the
delivery sheath, and the left disc of the occluder is delivered
(Figure 6). The left ventricular disc is attached to the
ventricular septum by pulling back the push rod, carefully
avoiding injury to the aortic and mitral valves. If the VSD
base with the combined membranous aneurysm is closer
to the aortic valve, it is necessary to gently pull the left
ventricular disc of the occluder into the aneurysm, and then

© Cardiovascular Diagnosis and Therapy. All rights reserved.

Figure 6 The left disc of the occluder was delivered (open arrow),
the left ventricular disc was attached to the ventricular septum
by pulling back the push rod. RA, right atrium; LA, left atrium;
LVOT, left ventricular outflow tract; RV, right ventricle.

release the occluder waist and right disc surface, bringing
the right disc surface close to the right ventricular surface of
the septum. Repeated push-pull experiments are performed
under TEE guidance to confirm the correct occluder
position without a residual shunt in color flow visualization
(Figure 7). The occluder is then released (Figure §8).
The safety cord is cut and withdrawn along one end.
Monitoring continues for 15 minutes after occluder release
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Figure 7 TEE guidance to confirm the correct occluder position
without residual shunt in color flow visualization (open arrow).
TEE, transesophageal echocardiography; RA, right atrium; LA,
left atrium; LV, left ventricle; RV, right ventricle.

Figure 8 The safety cord was cut and withdrawn along one end,

the occluder was then released (open arrow). RA, right atrium; LA,

left atrium; LV, left ventricle; RV, right ventricle.

to prevent occluder dislodgement and other complications.

Statistical analysis

SPSS version 24.0 (IBM Corp., Armonk, NY, USA)
statistical software was used for the statistical analysis.
Continuous variables were tested for normality and data
conforming to a normal distribution were expressed as
mean = standard deviation. Two-sided one-way repeated
measures ANOVA was used for comparison between pre-
and post-treatment time points. A P value of <0.05 indicates

© Cardiovascular Diagnosis and Therapy. All rights reserved.
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Figure 9 Parasternal four-chamber view shows the location of
VSD with perimembranous inflow tract (open arrow). VSD,
ventricular septal defect; RA, right atrium; LA, left atrium; LV, left

ventricle; RV, right ventricle.
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Figure 10 VSD with membranous aneurysm formation (open
arrow). VSD, ventricular septal defect; RA, right atrium; LA, left
atrium; LV, left ventricle; RV, right ventricle.

a statistical difference.

Results
Resulis of the pre-operative TTE examination

In the 13 cases of VSD with perimembranous inflow tract
(Figure 9), the effective shunt size was 3-5.1 mm, and the
edge of the left ventricular surface defect was 2—5 mm from
the aortic valve. In eleven cases of VSD with membranous

aneurysm formation (Figure 10), the size of the base of the
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aneurysm was 5—10 mm, including three cases with one
breach, five cases with double breaches, and three cases with
multiple breaches (>3 breaches), and the largest breach of
the defect was 2.6-3.4 mm. The base of the membranous
aneurysm was close to the aortic valve and less than 1 mm
from the aortic valve in the remaining ten cases, except
for one case in which the base of VSD was 3 mm from
the aortic valve. All membranous aneurysm ruptures were
>2 mm from the aortic valve. Five cases in this group had a
combined PFO at the same time.

Intraoperative TEE measurements, occluder size selection,
and evaluation of immediate occlusion effect

Intraoperative TEE measurements revealed that the
effective shunt size of the VSDs ranged from 2.8-4.9 mm,
with an average of 3.31£0.45 mm. This finding showed no
statistically significant difference when compared with the
TTE measurement method (P>0.05). The defects were
located 2—6 mm from the aortic valve. Occluders used had
diameters between 6-8 mm, averaging 6.54+0.66 mm. In
17 cases, occluders with a height of 2.8 mm were chosen,
while in 7 cases, occluders with a height of 5 mm were
selected. For simple perimembranous inflow tract VSDs,
the chosen occluder model (waist diameter) was 2-3 mm
larger than the actual measured diameter of the VSD. In
cases of VSDs associated with membranous aneurysm
formation, the selected occluder model (waist diameter)
was 2—4 mm larger than the measured VSD diameter. All
24 minimally invasive occlusion surgeries were successful.
TEE examinations showed that, except for one case with a
small left-to-right shunt at the edge of the occluder (shunt
bundle <1.5 mm), the occluders closely conformed to the
edges of the VSDs in all other cases. The occluders did not
interfere with the opening activity of the aortic valve and
did not cause any aggravation of the mitral and tricuspid
valves. There were no instances of occluder displacement,
detachment, or thrombosis formation.

Postoperative TTE follow-up results

All 24 children with successful VSD closure were followed
up during hospitalization (within 3 days after surgery),
and the longest follow-up period was 18 months and the
shortest was 12 months due to the sequence of surgery.
Their baseline conditions are listed in 7able 1. A 100%
(24/24) follow-up rate was achieved within 12 months post-

surgery.

© Cardiovascular Diagnosis and Therapy. All rights reserved.
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In 23 cases, the position of the occluder was normal
without shunt or other complications (Figure 11). Only in one
case, there was still a small residual shunt of 1 mm (Figure 12),
which was considered a small shunt, and no complications
appeared during the follow-up period. The position and
morphology of the occluders were observed using multiple
views on echocardiogram (short-axis view of the aorta,
four-chamber cardiac view, and five-chamber cardiac view).
The size of the left and right discs was accurately measured
to assess the degradation of the occluders. There was no
difference in the sizes of the left and right disc surfaces of the
occluders measured in each section at postoperative month 1
and 3 (Figure 13) compared with postoperative day 3 (P>0.05).
The size of the left and right disc surfaces of the occluder at
postoperative month 6 and 12 (Figure 14) was significantly
smaller than that at postoperative day 3, with statistically
significant differences (P<0.05) (Table 2).

We conducted a comparative study with a control
group of 30 cases where traditional nickel-titanium alloy
occluders were used in cardiovascular interventional
procedures. The occluder area data were analyzed using
echocardiographic imaging. In the control group, there
were no significant differences in the size of the occluder
area from 1 to 12 months post-surgery (P=0.14). In the
experimental group, there were no significant differences
in the occluder area size between 1 and 3 months post-
surgery (P=0.30) (Figure 15). However, a significant
reduction in the occluder area was observed between 3 and
6 months post-surgery (P=0.003), and a marked decrease
in the occluder area was noted from 6 to 12 months post-
surgery (P=0.02) (Figure 15).

Preoperatively, the left atrial, ventricular, and pulmonary
artery pathways of all children were larger than in the age-
matched general population. The pathways measured in the
postoperative period were slightly smaller than those before
surgery (P>0.05), In the postoperative periods of 3, 6, and
12 months, the pathways decreased significantly compared
with those before surgery and returned to normal levels
(Tible 3).

Discussion

The fully biodegradable VSD occluder used in this study
was produced by Shanghai Shape Memory Alloy Materials
Co. Ltd., and was the first to be approved by the relevant
authorities and used in human clinical trials by Children’s
Hospital of Nanjing Medical University.

Since the fully biodegradable VSD occluder could not
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Table 1 Baseline characteristics of 24 children with successful VSD closure

Zhang et al. A clinical investigation of TEE

No. Gender Age Weight (kg) Clinical symptoms Defect type  Defect size (mm) Occluder size (mm)
1 Female 3y8m 13.5 Cardiac murmur PIT 3.8 6
2 Female 5y1m 18.5 Cardiac murmur VMA 3.2 6
3 Female 5y0m 13 Cardiac murmur PIT 3.6 6
4 Male 3y4dm 14 Cardiac murmur VMA 2.8 6
5 Female 2y8m 13 Cardiac murmur VMA 3 7
6 Female 3y1m 13 Cardiac murmur PIT 4.9 7
7 Male 1y6m 10.5 Cardiac murmuir, PIT 3 6
growth retardation
8 Female 2y5m 12.5 Cardiac murmur VMA 2.6 6
9 Female 2y3m 11 Cardiac murmur VMA 4.5 8
10 Female 3y4m 15 Cardiac murmur PIT 4 7
11 Male 5y8m 18.5 Cardiac murmur PIT 3.6 6
12 Female 3y2m 13 Cardiac murmur PIT 3.7 6
13 Male 2y0m 10 Cardiac murmur PIT 4.1 8
14 Male 6y8m 12.6 Cardiac murmur VMA 4.2 7
15 Male 10y3m 33 Cardiac murmur, chest PIT 4 6
tightness, palpitations
16 Male 3y1m 13 Cardiac murmur VMA 3.4 6
17 Female 6y4m 22 Cardiac murmur PIT 4 7
18 Female 9y9m 58 Cardiac murmur, chest VMA 2.8 6
tightness, palpitations
19 Male 3y9m 17 Cardiac murmur PIT 3.4 6
20 Female 4y10m 19.5 Cardiac murmur VMA 4.2 6
21 Male 3y10m 16.5 Cardiac murmur PIT 3.5 6
22 Female 1y11im 12 Cardiac murmuir, PIT 4.7 6
growth retardation
23 Male 3y7m 21 Cardiac murmur VMA 4.6 6
24 Female 1y8m 11 Cardiac murmuir, VMA 3.1 6

excessive sweating

m, month; PIT, perimembranous inflow tract; VMA, ventricular septal defect with membranous aneurysm; vy, year; VSD, ventricular septal defect.

be visualized under digital subtraction angiography (DSA),
all cases in this group were completed with minimally
invasive transthoracic blocking under TEE guidance and
monitoring. Therefore, TEE plays a pivotal role in the
preoperative measurement of VSD size, understanding
the VSD site and its relationship with the surrounding
anatomy, the intraoperative localization of the puncture site
for the operator, selection of occluder type, the guidance

© Cardiovascular Diagnosis and Therapy. All rights reserved.

of occluder release, and the evaluation of immediate
postoperative efficacy, which are all directly related to the
success or failure of the operation.

TEE before the implementation of blocking

Multiple views are required for further screening of children
before the start of surgery, particularly the four-chamber
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Figure 11 Three days after surgery, the position of the occluder
(open arrow) was normal without shunt. RA, right atrium; LA, left

atrium; LV, left ventricle; RV, right ventricle.

Figure 12 There was still a small residual shunt of I mm (open

arrow). VSD, ventricular septal defect.

cardiac view and the five-chamber cardiac view at 0° in the
middle esophagus, the short-axis view of the aorta at 30°-
60°, and the long-axis view of the left ventricle at 110°-135°.
Previous studies have demonstrated that TEE was safe and
effective in guiding surgery for children with VSD (23,24),
but whether TEE shows better performance than TTE
in minimally invasive transthoracic VSD closure surgery
remains unclear. In the present study, the measurements
made by TEE and TTE were similar in terms of defect type

© Cardiovascular Diagnosis and Therapy. All rights reserved.
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Figure 13 There was no difference in the sizes of the left and right
disc surfaces of the occluder (open arrow) at postoperative month
3 compared with postoperative day 3. RA, right atrium; LA, left

atrium; LV, left ventricle; RV, right ventricle.

TIS1.1 MI1.3

Figure 14 The shape of the left and right disc surfaces of the
occluder (open arrow) has changed at postoperative month 6,
was significantly smaller than that at postoperative day 3. LV, left
ventricle; RV, right ventricle.

and size in 24 children. However, TEE was significantly
better than TTE in observing the relationship between
defects and surrounding structures, especially in measuring
the distance between the defect and the aortic valve. In
this group, there was originally one case in which VSD
measured by TTE was 2.2 mm away from the aortic valve,
but the distance measured by TEE was only 1 mm away
from the aortic valve during surgery. We had to change to
surgical repair under extracorporeal circulation. During
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Table 2 The sizes of the left and right disc surfaces of the occluders measured in each section during each different follow-up period

Total Short-axis view of the aorta (mm)  Four-chamber cardiac view (mm)  Five-chamber cardiac view (mm)
Group population Left disc Right disc Left disc Right disc Left disc Right disc
Postoperative day 3 24 10.4+£1.3 10.2+1.2 10.5+1.4 10.4+1.4 10.5+1.4 10.4+1.4
Postoperative month 1 24 10.2+1.2 10.1+1.2 10.4+1.4 10.3+1.4 10.3+1.4 10.3+1.5
Postoperative month 3 24 10.0+1.4 10.0+£1.5 10.0+1.4 10.1£1.4 9.9+1.5* 10.1£1.4
Postoperative month 6 24 8.2+1.0™ 8.7+1.0" 8.1+1.0" 8.5+1.0™ 8.1+0.9** 8.5+1.1™
Postoperative month 12 24 6.5+1.0"* 7.0+1.1* 6.4+1.0"* 7.0+1.1* 6.3+0.9** 6.8+1.2"*

Data are presented as mean + standard deviation. Data at postoperative month 1, 3, 6, and 12 were compared with postoperative day 3, *,

P<0.05; **, P<0.01.
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Figure 15 Comparative trends in ultrasonic measurement of occluder area between completely bioabsorbable occluders and metal occluders.

Table 3 Comparison of related values before and after operation

Group Total population LASd (mm) LvDd (mm) MPA (mm)
Pre-operation 24 38.2+3.8 24.4+2.5 17.3+2.5
Postoperative month 1 24 37.3+3.6 23.6+2.5 16.9+2.4
Postoperative month 3 24 34.9+2.1* 21.21£2.2" 15.9+2.1*
Postoperative month 6 24 34.4+2.9% 20.8+2.1* 15.6+2.0*
Postoperative month 12 24 34.8+2.6* 21.2+1.7¢ 15.6+1.8*

Data are presented as mean + standard deviation. Data at month 1, 3, 6 and 12 were compared with pre-operative, *, P<0.05. LVDd, left
ventricular diastolic diameter; LASd, left atrial systolic diameter; MPA, main pulmonary artery.

the surgical exploration, the defect was found to be close to
the right aortic valve with a distance <1 mm. In addition,
preoperative TEE is most important to determine the size
of the VSD accurately and select the appropriate occluder
and delivery sheath. Although the biodegradable occluder
was used in our case series, it is still possible for an oversized
occluder to result in atrioventricular block. Therefore, it is
advisable to select an occluder model (waist diameter) that
is 2-3 mm larger than the measured VSD diameter. The
TEE-guided transthoracic minimally invasive blocking

© Cardiovascular Diagnosis and Therapy. All rights reserved.

technique is easy to repeat, and if a residual shunt exists, the
diameter should be increased by only 1 mm each time until
the shunt disappears, which can reduce the possibility of
using a larger occluder.

TEE intraoperative application

In selecting the puncture point for VSD cases, especially
those combined with a membranous tumor, accurate
positioning is crucial, using views like the four-chamber
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heart and mid-esophagus short-axis sections for the smallest
angle and proximity to the VSD. In our study, initial
misalignments in two cases necessitated repositioning for
successful guidewire entry into the left ventricle. Post-entry,
it is vital to direct the guidewire towards the left ventricular
cavity, avoiding the ascending aorta to prevent potential
valve or aortic damage. When releasing the biodegradable
occluder’s left disc surface, positioning is key to prevent
damage to valve structures, with careful monitoring of valve
function post-deployment. Our experience showed that in
cases where the occluder’s morphology appeared abnormal
or inadequately opened, retraction, and subsequent
re-release were necessary. In one particular case with
multiple distant shunts, a small residual shunt was deemed
hemodynamically insignificant, leading to the final release
of the occluder. In one case of VSD combined with a
membranous aneurysm in this group, there were multiple
shunts in the defect, and the shunts were far apart from
each other. A small shunt of 1.2 mm still existed after two
consecutive models of occluders were replaced, but the flow
velocity of the shunt was less than 3 m/s. The occluder was
released, considering that there would be no significant
hemodynamic effect. After it was established that there
was no shunt at the ventricular level, each valve was intact,
and that the occluder opened adequately, the operator was
prompted to withdraw the sheath, cut the safety cord, and
gently withdraw it along one end. Continued monitoring
was required for more than 15 min after release to prevent
dislodgement of the occluder and other complications.

As the first clinical study of using biodegradable
VSD occluders in human subjects, the application of
intraoperative TEE in children with VSD requires further
accumulation of experience and research, although small
sample size is the limitation of this study. To the best of
our knowledge, no ultrasound equipment manufacturer
produces probes for pediatric TEE, resulting in the lack
of richer spatial information from multiple planes and
the increase in complexity of intraoperative positioning.
Furthermore, fully biodegradable VSD occluders are
symmetrical, imposing stringent selection criteria for patient
enrolment. VSDs with defect edges less than 2 mm from the
aortic valve are ineligible for occlusion treatment, limiting
widespread implementation. Moreover, most patients in
our group were followed for about 1 year. Although the
short-term degradation effects were significant, the long-
term efficacy of this treatment still requires more extensive
clinical research and longer follow-up and observations.
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Conclusions

In conclusion, minimally invasive occlusion treatment
of perimembranous VSD with the application of a fully
biodegradable occluder guided by TEE is a treatment
method worthy of further clinical investigation.
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