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Case report: Recovery of
long-term delayed complete
atrioventricular block after
minimally invasive transthoracic
closure of ventricular
septal defect
Jin Lu†, Xingchen Lian†, Ping Wen and Yuhang Liu*

Department of Cardiovascular Surgery, Dalian Women and Children’s Medical Group, Dalian, China

Introduction: Long-term delayed complete atrioventricular block (CAVB) is a
serious complication of ventricular septal defect (VSD) closure treatment. Thus,
cardiac surgeons have made significant efforts to explore its causes and reduce
its incidence. In recent years, minimally invasive transthoracic closure (MITC) of
VSD has been used widely and successfully in China as it is easy to repeat,
ensures individualized closure, and can be debugged repeatedly. Theoretically,
the possibility of the recurrence of CAVB is lower than that with transcatheter
closure. Although the incidence of CAVB after MITC of VSD is inevitable, long-
term delayed CAVB has rarely been reported.
Case description: Herein, we report a case of delayed CAVB that occurred 2 years
and 5 months after performing MITC of a perimembranous VSD. The cardiac
rhythm recovered after the occluder was removed surgically.
Conclusion: The findings of our case report emphasize that since delayed CAVB
may occur in the long term after MITC of VSD, the safety of MITC of VSD
should be reassessed, the indications for MITC should be strictly followed, and
long-term follow-up, including lifelong follow-up, is recommended for patients
postoperatively. In addition, the occluder should be removed surgically in
patients with CAVB as it may restore normal heart rhythm.
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1. Introduction

In recent years, cardiac surgeons have performed minimally invasive transthoracic

closure (MITC) of the ventricular septal defect (VSD) in patients with complete

atrioventricular block (CAVB) by combining the technical characteristics of

cardiopulmonary bypass surgery and percutaneous transcatheter closure. The simplicity

and ease of repeating the surgery, individualized closure, the lower age limit, and fewer

complications (especially arrhythmia) have resulted in therapeutic effects that are superior

to those of transcatheter closure (1, 2). CAVB cannot be avoided completely after MITC;

however, few studies have reported the incidence of delayed CAVB (2–5). Herein, we

report a case of delayed CAVB that occurred 2 years and 5 months after performing

MITC of perimembranous VSD (pmVSD). The cardiac rhythm was found to recover

after the surgical removal of the occluder. This case report presents the longest duration
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till the occurrence of CAVB and postoperative recovery of heart

rhythm after MITC of pmVSD (5, 6). Through this case report,

clinicians are reminded to pay attention to the safety of this

surgery in young children.
2. Case description

The patient was a 7-month-old boy (weight: 7 kg) who

presented to the hospital with sweating, shortness of breath, and

growth retardation. Physical examination revealed that the heart

sounds were strong and rhythmic. Systolic murmurs were

indicated in L3–4, and P2 was not hyperactive. Echocardiography

revealed enlargement of the left atrium and left ventricle and a

pmVSD of 5 mm. Chest radiography revealed congestive changes.

Thus, a diagnosis of pmVSD was made.

In January 2017, MITC of pmVSD was performed under

esophageal ultrasound guidance at our hospital. A No. 4

equilateral closure umbrella was placed during the surgery, with

the double umbrella facing the opened well. The push-and-pull

test was reliable, and the closure umbrella was released

successfully. Residual shunt, arrhythmia, or abnormal recovery
FIGURE 1

(A) Electrocardiogram of atrioventricular block before the surgery. (B) Ident
epicardial pacemaker and continuous pumping of isoproterenol. (D) Recovery
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was not observed postoperatively. The child was in good

condition after discharge and was followed up regularly.

In July 2019, the parents of the child noticed a significant

decrease in their child’s activity and visited the hospital for

further examination. Electrocardiogram (Figure 1A) revealed

sinus rhythm, left deviation of the electrical axis, third-degree

atrioventricular block, and complete left bundle branch block,

accompanied by ST-T changes. Methylprednisolone sodium

succinate pulse therapy failed to improve the child’s condition

after admission.
3. Diagnostic assessment

Conventional treatment was discontinued after discussion with

the parents, and a permanent pacemaker was implanted. Removal

of the occluder and repair of the pmVSD were performed

surgically. It was decided that a permanent pacemaker would be

implanted if the function of the atrioventricular node (AV node)

could not be restored. Under extracorporeal circulation, the

occluder was opened under the tricuspid septal valve through a

right atrial incision. The fibrous tissue wrapped around the
ification and removal of the occluder. (C) Implantation of a temporary
of the heart rhythm.
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occluder was carefully freed along the surface of the occluder

umbrella to prevent damage to the surrounding interventricular

septum and to remove the occluder completely. The diameter of

the residual interventricular septal defect was 3 mm, and

continuous suturing with a pericardial patch was performed

(Figure 1B). The surgical procedure was uneventful. After the

surgery, a temporary epicardial pacemaker was implanted, and

isoproterenol was administered continuously (Figure 1C). The

heart rhythm gradually recovered after 3 days (Figure 1D) and

was maintained throughout the 45 months of follow-up.
4. Discussion

CAVB is a serious complication of transcatheter VSD closure,

which may lead to Adams–Stokes syndrome and sudden death.

Improved occluder devices with longer waists that exert a lower

pressure on the tissue surrounding the defect have become

available in recent years. Although the theoretical incidence of

CAVB is low, it cannot be avoided completely (7). The reported

incidence of CAVB after transcatheter closure of VSD is 1%–5%

(8–10); however, a recent meta-analysis of transcatheter closure of

VSD reported the incidence of CAVB as 0.8% (11). The

mechanism of CAVB after transcatheter closure of VSD may be

related to the occurrence of inflammatory edema around the defect

(12). According to the study by Walsh et al., the atrioventricular

block that occurs immediately after the placement of the occluder,

which may be directly caused by mechanical compression, and the

atrioventricular block that occurs within weeks and months after

the placement of the occluder, which may be caused by

inflammation and fibrosis, result in the occurrence of CAVB (13).

MITC has gradually developed into an effective alternative to

traditional surgery for repairing pmVSD in recent years (14).

Numerous studies have reported that the success rate of this

surgery is comparable with that of percutaneous catheter occlusion

and surgical repair assisted by extracorporeal circulation (15, 16).

Some studies have suggested that MITC is a safe and effective

choice for patients with pmVSD, even when performed as the first

choice of treatment (16, 17). In China, MITC is considered an

effective treatment for pmVSD. Compared with that of

transcatheter closure, MITC requires a shorter path, which

prevents friction of the conduction system and damage to the

valve and surrounding tissue. Thus, inflammatory edema is less

likely to occur postoperatively. In addition, MITC is simple and

easy to repeat, the selection of the occluder is more individualized,

and it is less likely to produce compression. According to a recent

meta-analysis by Hong et al., the incidence of CAVB after MITC

of VSD was 0.2%, with no incidence of delayed CAVB (3).

CAVB is a serious and difficult complication of pmVSD occlusion

surgery. However, the management of CAVB remains controversial.

Previous studies have reported that CAVB is prone to recurrence

after arrhythmia occurs intraoperatively. It is recommended to

terminate the surgery when arrhythmia occurs intraoperatively (13).

The effectiveness of early postoperative CAVB steroid therapy has

been established (8, 18), which may be related to a reduction in

early inflammatory edema. Some studies have also reported the
Frontiers in Cardiovascular Medicine 03
incidence of early CAVB after the removal of the occluder to

restore heart rhythm (18, 19). However, few studies have reported

the incidence of delayed-onset CAVB in patients who showed

recovery of the heart rhythm through steroid therapy. Permanent

pacemaker implantation is the primary treatment for delayed-onset

CAVB at present (5, 6, 19). Lin et al. reported that the incidence of

permanent CAVB after pmVSD and permanent pacemaker

implantation occlusion were 0.7% and 0.5%, respectively. Removal

of the device is an effective treatment for restoring normal

conduction in patients with acute and subacute CAVB (6).

In the present case, CAVB occurred 2 years and 5 months after

performing MITC of pmVSD. The incidence of CAVB after MITC

of pmVSD is lower than that with transcatheter closure of pmVSD

(1, 2). However, delayed CAVB may still occur in the long term

after surgery, suggesting that the follow-up duration after MITC of

pmVSD should be prolonged. It was found that the diameter of the

residual interventricular septal defect decreased during the surgical

removal of the occluder. Thus, it is possible that the defect shrinks

during the growth and development of the child or that occluder

stimulation leads to gradual fibrosis of the surrounding tissue.

Chinese experts recommend that the patient should be over the age

of 3 months at the time of MITC of VSD. However, we suggest

that a more conservative age indication should be adopted since

delayed CAVB may be caused by a smaller defect after growth of

the patient and the larger compression area of the occluder. In the

present case, the heart rhythm recovered after the removal of the

occluder, which has been speculated to be an effective treatment for

delayed CAVB. Xie et al. also reported on the resolution of long-

term delayed CAVB after percutaneous transcatheter closure of an

interventricular septal defect by removing the occluder after steroid

treatment failure (20). Helping patients recover their autonomic

rhythm is superior to implanting a permanent pacemaker. Thus, it

is recommended to actively remove the occluder in patients with

CAVB, and clinicians must strive to restore an autonomous heart

rhythm in such patients.

In conclusion, MITC is successful in the treatment of pmVSD,

with evident advantages. However, the incidence of delayed CAVB

cannot be avoided. It is important to evaluate the safety of this

procedure and follow stricter indications, particularly for young

children, in addition to adopting more conservative age

indications. The follow-up duration should be extended during the

postoperative clinical management after MITC of pmVSD, and

occluder removal is recommended in cases of postoperative CAVB.
Data availability statement

The original contributions presented in the study are included

in the article, further inquiries can be directed to the corresponding

author.
Ethics statement

The studies involving human participants were reviewed and

approved by Dalian Women and Children’s Medical Group.
frontiersin.org

https://doi.org/10.3389/fcvm.2023.1226139
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


Lu et al. 10.3389/fcvm.2023.1226139
Written informed consent was obtained from the patient’s legal

guardian for the publication of this case report.
Author contributions

JL and XL edited the manuscript and collected the samples and

data. PW and YL have revised the manuscript. All authors

contributed to the article and approved the submitted version.
Acknowledgments

The authors would like to acknowledge all who contributed to
this case diagnosis, therapy, and decision-making.
Frontiers in Cardiovascular Medicine 04
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
References
1. Xing Q, Pan S, An Q, Zhang Z, Li J, Li F, et al. Minimally invasive perventricular
device closure of perimembranous ventricular septal defect without cardiopulmonary
bypass: multicenter experience and mid-term follow-up. J Thorac Cardiovasc Surg.
(2010) 139:1409–15. doi: 10.1016/j.jtcvs.2010.01.018

2. Ren C, Wu C, Pan Z, Li Y. Minimally invasive closure of transthoracic ventricular
septal defect: postoperative complications and risk factors. J Cardiothorac Surg. (2021)
16:30. doi: 10.1186/s13019-021-01415-z

3. Hong ZN, Chen Q, Huang LQ, Cao H. A meta-analysis of perventricular device
closure of perimembranous ventricular septal defect. J Cardiothorac Surg. (2019)
14:119. doi: 10.1186/s13019-019-0936-5

4. Song X, Xing Q, Wu Q, Ren Y, Wan H, Li J. Transthoracic device closure of
juxtaarterial ventricular septal defects: midterm follow-up results. Ann Thorac Surg.
(2017) 104:841–6. doi: 10.1016/j.athoracsur.2017.01.042

5. Chen Q, Hong ZN, Zhang GC, Chen LW, Zhang QL, Lin ZW, et al. Intraoperative
device closure of isolated ventricular septal defects: experience on 1,090 cases. Ann
Thorac Surg. (2018) 105:1797–802. doi: 10.1016/j.athoracsur.2018.02.059

6. Lin L, Liu J, Guo X, Chen H, Huang Y, Zheng H, et al. Risk factors for
atrioventricular block after occlusion for perimembranous ventricular septal defect.
Heart Rhythm. (2022) 19:389–96. doi: 10.1016/j.hrthm.2021.11.027

7. Sun WF, Dong ZF, Gong K, Zhang GP, Cui T, Xia YD, et al. Transcatheter closure
with use of the SHSMA occluder in 180 patients with congenital heart defects:
preliminary results. Tex Heart Inst J. (2010) 37:531–7.

8. Bai Y, Xu XD, Li CY, Zhu JQ, Wu H, Chen SP, et al. Complete atrioventricular
block after percutaneous device closure of perimembranous ventricular septal defect: a
single-center experience on 1046 cases. Heart Rhythm. (2015) 12:2132–40. doi: 10.
1016/j.hrthm.2015.05.014

9. Yang R, Kong XQ, Sheng YH, Zhou L, Xu D, Yong YH, et al. Risk factors and
outcomes of post-procedure heart blocks after transcatheter device closure of
perimembranous ventricular septal defect. JACC Cardiovasc Intv. (2012) 5:422–7.
doi: 10.1016/j.jcin.2012.01.015

10. Zhou T, Shen XQ, Zhou SH, Fang ZF, Hu XQ, Zhao YS, et al. Atrioventricular
block: a serious complication in and after transcatheter closure of perimembranous
ventricular septal defects. Clin Cardiol. (2008) 31:368–71. doi: 10.1002/clc.20243

11. Lei YQ, Lin WH, Lin SH, Xie WP, Liu JF, Chen Q, et al. Influence of
percutaneous catheter intervention for congenital perimembranous ventricular
septal defects in children on the cardiac conduction system and associated risk
factors: a meta-analysis. J Cardiothorac Surg. (2022) 17:19. doi: 10.1186/s13019-022-
01751-8

12. Michel-Behnke I, Le TP, Waldecker B, Akintuerk H, Valeske K, Schranz D.
Percutaneous closure of congenital and acquired ventricular septal defects–
considerations on selection of the occlusion device. J Interv Cardiol. (2005)
18:89–99. doi: 10.1111/j.1540-8183.2005.04051.x

13. Walsh MA, Bialkowski J, Szkutnik M, Pawelec-Wojtalik M, Bobkowski W,
Walsh KP. Atrioventricular block after transcatheter closure of
perimembranous ventricular septal defects. Heart. (2006) 92:1295–7. doi: 10.
1136/hrt.2005.084988

14. Yin S, Zhu D, Lin K, An Q. Perventricular device closure of congenital
ventricular septal defects. J Card Surg. (2014) 29:390–400. doi: 10.1111/jocs.12334

15. Saurav A, Kaushik M, Mahesh Alla V, White MD, Satpathy R, Lanspa T, et al.
Comparison of percutaneous device closure versus surgical closure of peri-
membranous ventricular septal defects: a systematic review and meta-analysis.
Catheter Cardiovasc Interv. (2015) 86:1048–56. doi: 10.1002/ccd.26097

16. Fang GH, Chen Q, Hong ZN, Lin ZW, Zhang GC, Cao H, et al. The comparison
of perventricular device closure with transcatheter device closure and the surgical
repair via median sternotomy for perimembranous ventricular septal defect. Ann
Thorac Cardiovasc Surg. (2018) 24:308–14. doi: 10.5761/atcs.oa.18-00085

17. Li D, Zhou X, Li M, An Q. Comparisons of perventricular device closure,
conventional surgical repair, and transcatheter device closure in patients with
perimembranous ventricular septal defects: a network meta-analysis. BMC Surg.
(2020) 20:115. doi: 10.1186/s12893-020-00777-w

18. Chen Q, Cao H, Zhang GC, Chen LW, Li QZ, Qiu ZH. Atrioventricular
block of intraoperative device closure perimembranous ventricular septal
defects; a serious complication. BMC Cardiovasc Disord. (2012) 12:21. doi: 10.
1186/1471-2261-12-21

19. Ghosh S, Sridhar A, Sivaprakasam M. Complete heart block following
transcatheter closure of perimembranous VSD using amplatzer duct occluder II.
Catheter Cardiovasc Interv. (2018) 92:921–4. doi: 10.1002/ccd.27177

20. Xie L, Zhang H, Zhang R, Xiao T. Management of late-onset complete
atrioventricular block post transcatheter closure of perimembranous ventricular
septal defects. Front Pediatr. (2019) 7:545. doi: 10.3389/fped.2019.00545
frontiersin.org

https://doi.org/10.1016/j.jtcvs.2010.01.018
https://doi.org/10.1186/s13019-021-01415-z
https://doi.org/10.1186/s13019-019-0936-5
https://doi.org/10.1016/j.athoracsur.2017.01.042
https://doi.org/10.1016/j.athoracsur.2018.02.059
https://doi.org/10.1016/j.hrthm.2021.11.027
https://doi.org/10.1016/j.hrthm.2015.05.014
https://doi.org/10.1016/j.hrthm.2015.05.014
https://doi.org/10.1016/j.jcin.2012.01.015
https://doi.org/10.1002/clc.20243
https://doi.org/10.1186/s13019-022-01751-8
https://doi.org/10.1186/s13019-022-01751-8
https://doi.org/10.1111/j.1540-8183.2005.04051.x
https://doi.org/10.1136/hrt.2005.084988
https://doi.org/10.1136/hrt.2005.084988
https://doi.org/10.1111/jocs.12334
https://doi.org/10.1002/ccd.26097
https://doi.org/10.5761/atcs.oa.18-00085
https://doi.org/10.1186/s12893-020-00777-w
https://doi.org/10.1186/1471-2261-12-21
https://doi.org/10.1186/1471-2261-12-21
https://doi.org/10.1002/ccd.27177
https://doi.org/10.3389/fped.2019.00545
https://doi.org/10.3389/fcvm.2023.1226139
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

	Case report: Recovery of long-term delayed complete atrioventricular block after minimally invasive transthoracic closure of ventricular septal defect
	Introduction
	Case description
	Diagnostic assessment
	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


