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Abstract 

Congenital heart disease (CHD), birth defect with the highest incidence rates worldwide, and is mainly character-
ized by the abnormal internal structure of the heart or/and the anatomical structure of great vessels. In the past few 
decades, CHD repair surgery through standard median sternotomy incision combined with cardiopulmonary bypass 
(CPB) technology has been considered the gold standard for surgical correction of heart and great vessels. With 
the promotion and clinical application of interventional catheterization technology, transcatheter closure of CHD 
under radioactive radiation has gradually been recognized and applied. However, its radiation exposure and potential 
complications related to arteriovenous vessels still face challenges. In recent years, an increasing number of surgeons 
have explored new surgical procedures, for the safe and effective treatment of CHD, as far as possible to reduce 
surgical trauma, avoid radiation exposure, and improve the cosmetic effect. Therefore, on the premise of satisfactory 
exposure or guidance, how to integrate ultrasound and percutaneous interventional technology remained the focus 
of the exploration. This mini-review highlights and summarizes the signs of progress of ultrasound intervention 
in the last decade that have proven the effectiveness and operability of a well-established procedure for percuta-
neous closure of congenital heart diseases under echocardiographic guidance only. We discuss potential diseases 
that will benefit from this emerging procedure based on this progress. Owing to the crucial advantages played by this 
strategy in the treatment of CHD, better understanding and promotion of this less exploited field may contribute 
to the development of therapeutics targeting CHD, improve medical utilization rate, promote the optimization 
of medical resources, and ultimately achieve precise and efficient medical treatment.
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Introduction
Congenital heart disease (CHD), birth defect with the 
highest incidence rates worldwide, and is mainly charac-
terized by the abnormal internal structure of the heart or/
and anatomical structure of Great vessels [1, 2]. Based on 

clinical features, CHD can be broadly classified as simple 
CHD and complex CHD. Simple CHD is probably com-
posed of four types of diseases, atrial septal defect (ASD), 
ventricular septal defect (VSD), patent ductus arteriosus 
(PDA), and pulmonary valve stenosis (PVS). At the same 
time, these four types of cardiovascular structural abnor-
malities are the most common forms of CHD and one 
of the major causes of disease morbidity or mortality in 
the world, causing a huge psychological burden to people 
and an increasing economic burden to society.

In the past few decades, CHD repair surgery through 
standard median sternotomy incision combined with 

Open Access

© The Author(s) 2023. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

European Journal
of Medical Research

*Correspondence:
Haisong Bu
15717515709@163.com
1 The Department of Cardiovascular Surgery, Xiangya Hospital, Central 
South University, 87 Xiangya Road, Changsha 410008, Hunan, People’s 
Republic of China

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40001-023-01398-8&domain=pdf


Page 2 of 13Jiang et al. European Journal of Medical Research          (2023) 28:408 

cardiopulmonary bypass (CPB) technology has been con-
sidered the gold standard for surgical correction of heart 
and great vessels. However, this early golden standard 
surgical approach faces challenges such as postoperative 
discomfort and residual long scar incisions in the median 
incision [3, 4].

With the promotion and clinical application of inter-
ventional catheter technology, the transcatheter inter-
vention program assisted by radiation is gradually applied 
to treat some simple CHDs and is gradually recognized 
by the Food and Drug Administration (FDA) under the 
long-term monitoring of effectiveness and safety. Mean-
while, this simple transcatheter CHD strategy is still a 
valuable alternative and is currently widely used in many 
developing countries (such as China and other countries) 
and developed countries, even becoming a mature stand-
ard treatment for simple CHD [5–9], but technology can 
be limited to low weight patients (with small blood vessel 
diameter) or poor vascular development, and there are 
problems such as repeated exposure to medical radiation 
that affect patient growth and development [10, 11]. In 
addition, due to the compression of the occluder on the 
surrounding cardiac tissue leading to atrioventricular 
block (AVBs), which may lead to serious complications 
such as patient death, there is still controversy and cau-
tion in promoting transcatheter closure devices for CHD 
in clinical practice [12, 13]. As patients’ expectations 
for treatment (effectiveness, safety, and non-radiation) 
become higher and higher, cardiac surgery, under the 
guidance of non-radiation transesophageal echocardi-
ography (TEE) guided medical image technology, devel-
oped a minimally invasive pericardiac device occlusion 
technique through a small incision at the lower sternum. 
This technology still has shortcomings, including surgical 
trauma, sternal fracture, and incision scars [14–17].

With the popularization of echocardiography-guided 
technology, cardiac surgery combined with an interven-
tional catheterization department has explored a new 
surgical method for the treatment of simple CHD, for the 
safe and effective treatment of CHD, as far as possible to 
reduce surgical trauma, avoid radiation exposure, and 
improve the cosmetic effect [18–20]. The research focus 
of many surgical operators is on exposure based on oper-
ability, clear command of color Doppler ultrasound, con-
cealed areas or small puncture openings, and avoidance 
of operational and postoperative complications [21–23]. 
Therefore, the combination of ultrasound technology 
with fluoroscopy free and satisfactory guidance and per-
cutaneous intervention technology without surgical 
trauma and incisions have been gradually promoted and 
applied. This mini-review highlights and summarizes the 
signs of progress of ultrasound intervention in the last 
decade that have proven the effectiveness and operability 

of a well-established procedure for percutaneous closure 
of congenital heart diseases under echocardiographic 
guidance only (Fig. 1). We discuss potential diseases that 
will benefit from this emerging procedure based on this 
progress. Owing to the crucial advantages played by this 
strategy in the treatment of CHD, better understanding 
and promotion of this less exploited field may contrib-
ute to the development of therapeutics targeting CHD, 
improve medical utilization rate, promote the optimiza-
tion of medical resources, and ultimately achieve precise 
and efficient medical treatment.

Echocardiography‑guided percutaneous closure 
of simple CHDs
The development of cardiac intervention strategies is 
closely related to the advancement of computer imaging 
technology and clinical applications. Based on ultrasound 
technology, transcatheter intervention in simple CHD 
not only has less trauma, but also enables rapid recovery, 
saves medical costs, and shortens hospital stays. Many 
international ultrasound and heart disease guidelines 
[24, 25] point out that echocardiography plays a crucial 
role in the diagnosis of simple CHD diseases, evaluation 
of abnormal anatomical structures, selection of occlusive 
devices and delivery devices, and guidance on intraop-
erative and postoperative monitoring. Researchers have 
shown through research that a simple transcatheter ther-
apy for CHDs based on TEE can reduce surgical proce-
dure time, avoid radiation exposure risks, and improve 
mid to long-term postoperative prognosis, fully demon-
strating the efficiency and safety of its approach [26].

ASD and PFO
PFO is a common and persistent intracardiac anatomic 
abnormality, which has certain relevance to the occur-
rence of nervous system disease (such as cryptogenic 
stroke, transient ischemic attack, and migraine with aura 
among other clinical manifestations) [27, 28]. Epidemio-
logical studies have shown that PFO diseases have a high 
incidence rate of approximately 15–20% [29, 30]. The 
causal relationship between the existence of PFO and 
the occurrence of neurological events has been explored 
by researchers, and clear treatment strategies have been 
developed [31, 32]. However, Carroll JD et  al. [33] and 
Tobis JM et al. [34] reported that after PFO medical inter-
vention for patients with migraine aura, their migraine 
symptoms were alleviated, which may be closely related 
to the risk of blocking the right to left micro embolism. 
What’s more, studies have confirmed a causal relation-
ship between PFO and cryptogenic stroke, especially 
in elderly patients (> 55  years old) [35]. Interventional 
PFO closure used to be achieved through interven-
tional therapy intervention under catheter fluoroscopy, 
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and guidance and command under TEE [36]. With the 
rich clinical experience of interventional therapy, some 
experts in cardiac surgery or interventional cardiology 
can only complete PFO closure through fluoroscopy 
guidance, but the effectiveness and safety must be evalu-
ated by TEE after surgery [33, 37, 38]. However, for some 
cases of PFO with complex anatomy, we believe that 
TEE support is needed for PFO closure. A comparative 
study by Paolo Scacciatella and colleagues [39] reported 
for the first time the use of esophageal echocardiography 
to guide PFO closure, and clarified that its approach can 
significantly reduce postoperative complications (resid-
ual shunt rate and valve regurgitation) and avoid adverse 
events such as radiation exposure. These are all based on 
clear image guidance and real-time dynamic command 
and adjustment of esophageal echocardiography.

Based on our heart center’s mature and simple CHD 
occlusion technology and experience [22], we excluded 
neurogenic factors and only performed transcatheter 
PFO occlusion under the guidance of TEE, based on the 
evaluation of neurologists (Fig.  1). During the sealing 

process, we found that the difficulty lies in guiding the 
guide wire through the small PFO, and other operational 
processes are similar to ASD. When choosing a PFO 
occluder, attention should be paid to the size of the left 
atrium to avoid affecting the opening of the occluder or 
causing serious complications such as arrhythmia or left 
atrial rupture. Taken together, numerous researchers and 
our heart center experience (78 patients with a success 
rate of 100% and no postoperative adverse events) have 
shown that percutaneous TEE-guided PFO closure is a 
safe and reliable treatment method, and will be promoted 
and evaluated in global heart centers [40–43].

ASD can be divided into four types: ostium primum, 
ostium secundum, sinus venosus, and unroofed coronary 
sinus and is the third common anatomical abnormality 
in CHD. Approximately 65% to 70% of patients with a 
secundum defect and about 50% of patients with primary 
ASD [7]. In 1976, King and his colleagues first reported 
the first case of successful closure of secundum ASD 
through a catheter under radiation fluoroscopy [44]. The 
revolutionary development and promotion of fluoroscopy 

Fig. 1 A well-established procedure for percutaneous closure of congenital heart diseases under echocardiographic guidance only. ASD: atrial 
septal defect, PFO: patent foramen ovale, VSD: ventricular septal defect, PDA: patent ductus arteriosus, PVS: pulmonary valve stenosis
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and transcatheter treatment techniques led to fundamen-
tal changes in the treatment and management of ASD 
diseases [8]. With the change in the management mode 
of ASD, research has shown that fluoroscopy-guided 
transcatheter closure of secundum ASD has gradually 
replaced previous thoracotomy repair methods [7]. Based 
on this method, it not only has high efficiency and safety 
[45–47], but also has good visualization and tracking per-
formance under fluoroscopy [22]. The only drawback is 
the presence of radiation exposure and vascular compli-
cations. However, radiation exposure in childhood is of 
more and more concern because children are more sen-
sitive to radiation exposure than adults [48, 49], radia-
tion covers most or even all parts of the body, and due 
to the unique characteristics of children, it may be nec-
essary to repeatedly expose them to radiation [50, 51]. 
To avoid radiation exposure in transcatheter closure of 
ASD, a fluoroscopy free technique under the guidance of 
echocardiography alone was first developed by Ewert and 
colleagues in 2000 [52, 53], though the study sample size 
was relatively small. Fortunately, in recent years, we have 
carefully studied the technology and improved the deliv-
ery system, and then established a standard procedure 
[22]. After that, the procedure time was shortened and 
no intervention related complication occurred in subse-
quent patients. Thus, in the early stage of our heart center 
[22] demonstrated that using TEE technology for guiding 
transcatheter closure of secundum ASD is a safe and reli-
able strategy, and is routinely used in multiple cardiac 
centers such as ours, especially for children who cannot 
tolerate radiation or contrast agents (Fig. 2). Although it 
is a routine and feasible surgical plan, it is necessary to 
choose the appropriate occluder model based on the size 
of the left atrium during the surgery to avoid postopera-
tive complications.

VSD and residual VSD
Ventricular septal defect (VSD) refers to the direct abnor-
mal defect of left and right ventricles, which accounts for 
the highest proportion of CHDs, of which 80% is classi-
fied as perimembranous VSD [54]. In the past decade, 
great progress has been made in the treatment and man-
agement of VSD.

As a traditional gold standard treatment method, mid-
line sternotomy and open heart surgery with cardiopul-
monary bypass (CPB) have always been the only options 
for VSD repair; however, it is undeniable that there are 
multiple postoperative complications and residual long 
scar incisions during open chest surgery [4]. Under the 
guidance of fluoroscopy, the successful transcatheter clo-
sure intervention of VSD (muscle) promoted the promo-
tion of its means, and the Food and Drug Administration 
approved the clinical application of this kind of surgery 

in 2007 [55]. Subsequently, based on experience accumu-
lation, transcatheter closure of VSD became a research 
hotspot and gradually remained a good and mature 
alternative, especially widely promoted in developing 
countries such as China [56] and India [5, 6]; However, 
due to the unique location and high risk of postopera-
tive arrhythmia of the occluder, approval has not yet been 
obtained in the United States [57]. Due to the limited 
development of peripheral blood vessels in low-weight 
children and the fixation of the delivery system, imple-
menting transcatheter closure of VSD in such patients 
remains a current challenge [57]. To further meet the 
expectations of patients, fully reduce surgical trauma, 
and avoid radiation exposure, experts in Cardiac surgery 
and interventional cardiology, based on the advantages of 
esophageal echocardiography, popularized its combina-
tion for minimally invasive intervention in perimembra-
nous VSD diseases, and gradually proved its safety and 
effectiveness [3, 14, 15, 58]. In addition, many previous 
researches [3, 12, 58] suggested among the selected VSD 
patients, there is no significant difference in effectiveness 
and safety among fluoroscopy-guided transcatheter clo-
sure, traditional direct vision repair, and mini-invasive 
periventricular device closure of VSDs, and they have a 
certain degree of substitutability [17]. To avoid surgi-
cal trauma, incision, and radiation exposure, Shouzheng 
Wang et  al. [59] and Haisong Bu et  al. [23] reported a 
novel strategy, which is guided by TEE to close the per-
imembranous VSD through the femoral vein, without 
the need for establishing arteriovenous loop, and radia-
tion exposure, surgical trauma, and incision scars, which 
has excellent safety and feasibility (Fig. 3). Therefore, this 
novel procedure should be a promising alternative use in 
patients that has been widely used in China.

Residual shunting after VSD repair or occlusion is a 
common phenomenon and has been reported to account 
for 5–36% of all VSDs undergoing surgical repair [60]. 
Partial residual shunts have minimal impact on hemody-
namics, and patients have no obvious symptoms. Based 
on the phenomenon of endothelialization after occluder 
placement, there may be a possibility of self-repair and 
closure [60, 61]. However, for VSD with obvious hemo-
dynamic effects that need intervention, the main purpose 
of intervention is to prevent long-term related complica-
tions, such as pulmonary hypertension, Infectious endo-
carditis, and progressive aortic valve regurgitation caused 
by aortic valve prolapse [62]. At present, we still face 
some challenges, such as the high risk of reopening the 
chest to repair residual shunts, myocardial scar tissue, 
long-term extracorporeal circulation assistance, coagula-
tion system sensitivity disorder, and causing physical and 
psychological trauma to patients once again [62]. Fur-
thermore, if an arteriovenous ring is established through 
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a percutaneous approach and residual VSD is occluded 
with a catheter occluder under fluoroscopy assistance, 
there are also some difficulties, such as vascular develop-
ment issues, vascular complications, arrhythmias, and 
valve damage [63]. What’s more, interventional cath-
eterization methods for intervening in radiation expo-
sure in CHD are particularly important for infants and 
children, who are in the growth and development stage 

and have not yet matured various organs, making them 
more sensitive to radiation and more harmful than adults 
[50, 51]. Considering these issues, Xuming Mo and col-
leagues [64] first proposed a new strategy for treating 
residual shunts after VSD repair in 2016, which involves 
transcatheter closure of residual shunts through chest 
wall intercostal puncture and successful clinical appli-
cation. In addition, A long-term systematic study by 

Fig. 2 The steps of percutaneous device closure of ASD. A The guidewire was advanced into the RA. B The guidewire advanced through the ASD 
and into the LA. C The delivery sheath advanced into the LA guided by TEE. D The device was deployed. RA: right atrium; LA: left atrium; LV: left 
ventricle; RV: right ventricle; ASD: atrial septal defect; IVC: inferior vena cava; SVC: superior vena cava
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Haisong Bu and colleagues [63] reported and applied 
this new treatment strategy in the heart center based 
on previous research scholars’ reports, which success-
fully occluded residual VSD through chest wall puncture 

under echocardiographic localization and guidance, with 
advantages such as no arteriovenous ring, no radiation 
risk, no need for CPB, and no incision scar. However, this 
new transthoracic closure strategy requires mature and 

Fig. 3 The steps of percutaneous device closure of perimembranous VSD. A The perimembranous VSD anatomical structure. B The guide-wire 
was introduced into the RV. C The tip of the sheath was advanced into the LV. D The sheath was advanced into the LV. E The guide-wire 
was introduced into the LV. F The delivery sheath advanced into the LV. G The left side of the disc was deployed. H The right side of the disc 
was deployed; I The device was deployed. RA: right atrium; LA: left atrium; LV: left ventricle; RV: right ventricle; VSD: ventricle septal defect; IVC: 
inferior vena cava; SVC: superior vena cava; PA: pulmonary artery
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accurate ultrasound localization and guidance to ensure 
the smooth implementation of intervention measures.

PDA
As an isolated lesion, PDA refers to a disease in which 
the blood vessels between the pulmonary artery and 
the descending aorta are not yet closed within a certain 
period after birth, resulting in left to right shunting and 
accounting for 8% to 10% of all CHDs [20]. In 1939, the 
PDA was successfully closed through surgical repair sur-
gery. Subsequently, in 1967, fluoroscopy-guided tran-
scatheter PDA closure was introduced and promoted, 
and significant changes and progress were made in the 
development of its delivery device and occlude [9]. In 
the following decades, fluoroscopy-guided transcatheter 
closure of PDA gradually replaced traditional open chest 
repair surgery, and its safety and operability were well 
confirmed [65, 66]. The standard method for transcath-
eter closure of PDA with Amplatzer Duct Occluder I 
(ADO-I) is to first establish a femoral arteriovenous loop, 
deliver the system into the descending aorta through 
the femoral vein under radiation guidance, and finally 
enter the pulmonary artery for occlusion intervention 
[67]. However, this complex operation will prolong the 
overall intervention time and pose an additional risk of 

peripheral vascular complications [68]. Recently, respec-
tive efforts have been made to either reduce radiation 
exposure or contrast agent usage [69, 70] or to avoid 
arterial access [71]. To develop a strategy to figure out all 
these issues simultaneously, based on long-term clinical 
experience, we have promoted a new intervention meas-
ure, which involves transcatheter PDA closure through 
the femoral vein pathway under TEE guidance. This new 
strategy has been promoted and proven to have good 
safety and operability in multiple heart centers (Fig.  4) 
[20, 72]. Taken together, this new strategy avoids the 
risk of radiation exposure, contrast agent allergies, and 
potential peripheral vascular complications, and can 
serve as an alternative intervention for PDAs of a certain 
size, especially for children in the growth and develop-
ment stage. It is worth noting that when performing PDA 
occlusion, we should choose a reasonable occluder, and 
closely monitor the postoperative platelet condition, as 
well as the dosage and time of anticoagulant medication, 
to prevent the occurrence of related adverse events.

PVS
PVS refers to the narrowing of pulmonary artery valves 
caused by congenital developmental abnormalities, 
accounting for 8–10% of CHD. Its treatment methods 

Fig. 4 The steps of percutaneous device closure of PDA. A PDA anatomical structure. B The guidewire was advanced into the RA. C The guide-wire 
was introduced into the RV. D The sheath was advanced into the RV. E The sheath was advanced into the PA. F The guide-wire was introduced 
into the descending aorta. G The delivery sheath advanced into the descending aorta. H The device was deployed. RA: right atrium; LA: left atrium; 
LV: left ventricle; RV: right ventricle; PDA: patent ductus arteriosus; IVC: inferior vena cava; SVC: superior vena cava; PA: pulmonary artery
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mainly include thoracotomy under direct vision and bal-
loon angioplasty. There is a risk of extracorporeal circu-
lation and sternal sawing during pulmonary valvotomy, 
which can cause significant trauma to patients [73]. In 
1982, Kan and other researchers successfully performed 
the first catheter-guided balloon pulmonary valvuloplasty 
under fluorescence radiation guidance. Compared with 
traditional open chest surgery, it has advantages such as 
less trauma, shorter hospitalization period, and less aes-
thetic and psychological burden, which has prompted 
this method to be quickly accepted by patients and pro-
moted and applied in clinical practice [74, 75]. Conven-
tionally, percutaneous balloon pulmonary valvuloplasty 
(BPV) is conducted under the guidance of fluoroscopy 
and the determination of arterial angiography. Although 
it has brought certain expectations and advantages to 
patients, the potential risks cannot be ignored, especially 
for children who are sensitive to radiation and contrast 
agents, Cardiac surgery who often perform surgical inter-
ventions, and patients with renal insufficiency or failure. 
Based on the existence of these potential risks, cardiac 
surgeons are encouraged to seek alternative imaging 
tools for guidance or develop a new intervention method 
to complete the shaping process. It is exciting to note 
that echocardiography has a high resolution for valves 
and good tracking performance. Fortunately, the use of 
echocardiography-guided interventional therapy for PVS 
has also become an important field. Research has shown 
that it cannot only avoid radiation from perspective and 
use contrast agents, but also more clearly display the ana-
tomical structure of the heart, providing the best field 
of view for the surgeon [76–78]. A study by Shouzheng 
Wang and colleagues [79] conducted their first study in 
2016, which showed that percutaneous BPV intervention 
was successfully performed only under the guidance of 
echocardiography, without the use of any other auxiliary 
imaging tools during the surgery, and echocardiogra-
phy played a crucial role throughout the entire process. 
Follow-up showed that this new intervention strategy 
has good safety and effectiveness. Since then this well-
established procedure has become popular in research 
and application [76], which has also been proven safe and 
effective through screening suitable patients and long-
term follow-up in our center (Fig. 5). Thus, TEE-guided 
percutaneous BPV has been proven safe and effective 
and has gradually become an alternative treatment in 
patients. It is worth noting that this echocardiographic-
guided percutaneous BPV requires strict selection of the 
size of the dilated balloon based on the patient’s vascular 
development. During surgery, it is necessary to prevent 
violent dilation of the pulmonary artery valve and strictly 
control the balloon formation time to avoid adverse 
events such as ischemia, hypoxia, and arrhythmia.

Necessary of echocardiography‑guided 
therapeutics for CHDs
The clear visualization of intervention operations is of 
great significance for ensuring the safety and operabil-
ity of simple CHD treatment. Although the traditional 
method can provide some visual images and tracking 
guidance under the guidance of fluorescent radiation and 
the use of contrast agents, there is no doubt about the 
risks of this treatment strategy, especially for cardiac sur-
geons who often carry out surgical intervention, kidney 
dysfunction and children in the growth and development 
stage [80]. Research has shown that the use of contrast 
agents to induce kidney disease during medical testing 
or treatment is more common in clinical practice and is 
the main cause of 10% of patients with acute renal fail-
ure [81–83]. In addition, due to the unique characteris-
tics of infants and children, high sensitivity to radiation, 
wide range of exposure areas, and potential for repetitive 
manipulation, as well as immature growth and develop-
ment, the risk of long-term radiation exposure through 
catheter intervention is highly controversial and cannot 
be ignored [50, 51]. During infancy and childhood, pro-
longed exposure to low-dose radiation due to immature 
tissue structures or organs may lead to abnormal tissue 
and organ development, and even trigger cancer dis-
eases, shortening the lifespan of the child [84]. Besides, it 
should be noted by medical workers that long-term low-
dose exposure to radiation will be more likely to induce 
cancer, especially head and neck, and intracranial dis-
eases, which will also damage the cardiovascular and cer-
ebrovascular systems, especially accelerate vascular aging 
and increase the probability of arteriosclerosis [85, 86].

Based on the existence of these potential risks, car-
diac surgeons are encouraged to seek alternative imaging 
tools for guidance or develop a new intervention method 
to complete the shaping process. In recent years, with the 
continuous improvement and promotion of echocardi-
ography, it has been widely used as an imaging guide for 
percutaneous occlusion of simple CHD in various heart 
centers around the world, with real-time dynamics, and 
non-invasive and inexpensive advantages. Echocardi-
ography plays an important role in the intervention and 
treatment of simple CHD, especially inpatient diagnosis, 
preoperative clarification of cardiac anatomy, surgical 
approach, selection of occluder model and delivery sys-
tem, real-time intraoperative monitoring and guidance, 
and postoperative effectiveness evaluation [23, 87].

When guiding intervention with echocardiogra-
phy, some materials will be routinely used to complete 
the surgery. Femoral vein access was achieved using a 
matched Fr sheath. A 0.038-inch bent stiff guidewire 
was advanced from the inferior vena cava via the right 
atrium into the superior vena cava. A 5Fr JR 4 diagnostic 
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catheter was subsequently advanced into the right atrium 
over the guidewire which was then entered into the right 
ventricle via the catheter. Under the guidance of TEE, the 
operation can be completed by inserting the matching 
conveying system, occluder device, and balloon dilation 
system through the established trajectory.

Compared with traditional transthoracic echocardiog-
raphy, TEE is located in the patient’s esophagus, eliminat-
ing the influence of chest wall and lung tissue, enabling 
clearer images and clearer and more detailed cardiac 
anatomy. Real-time monitoring can achieve clarity and 
non-interference. In addition, TEE can display the entire 
pathway, including all blood vessels and tissue structures 
involved, to the operator without radiation throughout 
the entire process, and can provide three-dimensional 

images when appropriate, which can more vividly help 
the operator complete the occlusion operation smoothly. 
Echocardiogram guidance stenting ductus venous also 
plays an important role in intracardial anomalous pulmo-
nary venous connection [88]. For cardiac surgeons in the 
early stage of TEE research, a certain amount of learning 
time and understanding of various sections and images 
are required. However, cardiac surgeons have the advan-
tage of knowing the structure of the heart and blood ves-
sels very well. Therefore, with the acquisition of operator 
experience, the operation time will be significantly short-
ened. As shown in our center (Fig. 6), the learning curve 
is very short for operators, especially for surgeons [20, 22, 
23]. Taken together, based on the numerous advantages 
of TEE, simple CHD occlusion interventions under its 

Fig. 5 The steps of percutaneous expansion of PVS. A The guidewire was advanced into the RA. B The guide-wire was introduced into the RV. C The 
sheath was advanced into the RV. D The sheath was advanced into the PA. E Balloon dilation of narrowed PV. F Anatomical morphology after PVS 
balloon angioplasty. RA: right atrium; LA: left atrium; LV: left ventricle; RV: right ventricle; IVC: inferior vena cava; SVC: superior vena cava; PVS: 
pulmonary valve stenosis; PA: pulmonary artery
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guidance are gradually recognized by other heart cent-
ers or countries, and its indispensable advantages in the 
operation process are obvious.

Limitations and future perspectives
However, there are certain shortcomings in the interven-
tion of simple CHD guided by echocardiography. There 
are certain challenges for the surgeon, who not only have 
a thorough understanding of the anatomical structure 
of the heart and blood vessels, but also need to be very 
familiar with ultrasound guidance, ultrasound sections, 
and related parameters. Secondly, ultrasound-guided 
surgery is easily influenced by subjective factors, which 
further strengthens the test for surgical operators. The 
success of surgery is closely related to the experience of 
surgeons and ultrasound doctors. For TEE-guided inter-
vention in simple CHDs surgery, echocardiogram doc-
tors should have rich experience to prevent surgeons 
from having a blank in ultrasound professional knowl-
edge, thus avoiding the inability to execute the program. 
In addition, ultrasound is prone to interference from tis-
sues such as intrathoracic gas during guided interven-
tion, which poses certain difficulties for surgery and may 
increase surgical time and anesthesia risks.

This mini-review highlights and summarizes the signs 
of progress of ultrasound intervention in the last decade 
that have proven the effectiveness and operability of a 
well-established procedure for percutaneous closure of 
congenital heart diseases under echocardiographic guid-
ance only. We discuss potential diseases that will benefit 

from this emerging procedure based on these progresses. 
Owing to the crucial advantages played by this strategy 
in the treatment of CHD, better understanding and pro-
motion of this less exploited field may contribute to the 
development of therapeutics targeting CHD, improve 
medical utilization rate, promote the optimization of 
medical resources, and ultimately achieve precise and 
efficient medical treatment. The TEE-guided percutane-
ous simple CHD treatment intervention method com-
bines the advantages of Cardiac surgery, interventional 
radiology, and auxiliary medical departments, which 
has good safety and feasibility, and avoids the problems 
of low-dose radiation exposure, CPB, intraoperative and 
postoperative adverse events, and incision scars. One 
challenge faced by this new technology is how to apply 
it in low-weight or vascular dysplasia infants and young 
children. Notedly, Mini et al. [82, 83] reported echocar-
diogram guidance stenting of the aortic arch in very- low 
and extremely-low weight babies (600 g to 1300 g) with 
renal failure and showed that the interventions in such 
babies were feasible and can be done at the bedside to 
avoid transfer such babies to the cath lab. However, there 
is no experience in other CHDs. This is not only a chal-
lenge for the new technology, but also a challenge for 
traditional transcatheter closure interventions for simple 
CHDs.

Despite minor shortcomings, this well-established pro-
cedure has emerged as a powerful method for treating 
simple CHDs during the last decade. Its application is not 
limited to the establishment of known simple CHDs for 

Fig. 6 The learning curve of percutaneous treatment for different types of congenital heart disease. M: month, ASD: atrial septal defect, PFO: patent 
foramen ovale, VSD: ventricular septal defect, PDA: patent ductus arteriosus, PVS: pulmonary valve stenosis
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therapeutic development, but should be extended to dis-
covering new therapies and diseases. In the upcoming dec-
ade, this novel procedure promises to make a big splash in 
CHDs.

Conclusions
Based on this brief review, we discussed the potential for 
simple CHDs to benefit from an emerging procedure. 
Owing to the crucial advantages played by this strategy in 
treating CHD, better understanding and promoting this 
less exploited field may contribute to the development of 
therapeutics targeting CHD. Furthermore, because this 
technology only depends on TEE and operator experience 
technology, it does not need to purchase expensive equip-
ment, which is conducive to the promotion and applica-
tion in grass-roots hospitals and Community hospitals, 
especially in remote and poor areas in China, ultimately 
improving medical utilization, promoting the optimization 
of medical resources, and ultimately achieving accurate 
and efficient medical services for patients.
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