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Abstract

Background: For many years, percutaneous interventional occlusion of congenital patent ductus arteriosus (PDA)
has been completed using radiation and contrast agents. In this study, transthoracic echocardiography without
radiation and contrast agents was used to complete percutaneous occlusion of pediatric PDA.

Methods: Thirty-two children (8 males and 24 females) with normal heart function and no other intracardiac
deformities were diagnosed with PDA (20 funnel type; 12 tube type), One patient had peripheral facial paralysis, 1
patient had epilepsy, and 1 case had multiple cervical deformities. All procedures were performed in the surgical
operating room (without Digital Subtraction Angiography (DSA) equipment) under basic anesthesia through the
femoral artery pathway. The procedures were guided by transthoracic echocardiography (TTE) by establishing an
orbit with a catheter through the femoral artery to thepatent ductus arteriosus,pulmonary artery and right ventricle.
A suitable ventricular septal defect occluder was placed using the femoral artery approach,and the treatment effect
was evaluated by echocardiography after occlusion. The Outpatient follow-up was performed at 1, 3 months after
the operation.

Results: All cases had successful closure of PDA, which took only 35.6 + 6.4 min. The diameter of the device was
48423 mm, and the heart murmur disappeared. There was no shunt between the left pulmonary artery and the
descending aortic artery, and the length of hospitalization was 3.4 + 0.5 days. No other incisions were needed in 32
cases. No occluder was removed, and no residual shunt was found after operation; moreover, no ICU stay was
needed, and the mean hospital stay was 3.4 + 0.5 days. No residual shunt was found at the 1-, 3-month follow-up
visit.
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Conclusions: PDA closure guided by transthoracic echocardiography via femoral artery puncture is a minimally
invasive procedure that avoids injuries due to radiation and contrast agents. This method has wider application

prospects in pediatrics.
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Background

Percutaneous interventional catheterization is currently
the main method of treating patent ductus arteriosus
(PDA) [1, 2], but percutaneous occlusion using radiation
has disadvantages. Studies have reported that radiation
confers radiation damage to doctors and pediatric pa-
tients [3, 4], and the use of contrast agents carries the
risk of causing allergies and renal failure [5], especially
for children at particular stages of development. There
have been reports of PDA occlusion via ultrasound
through the femoral artery in China [6]. Transthoracic
echocardiography (TTE) completely replaces eliminates
the use of radiation during treatment and has become
an important method for improving percutaneous inter-
ventional technology [7, 8]. This study focused on this
specific group of pediatric patients and explored the
safety and effectiveness of percutaneous occlusion of
PDA in children wunder transthoracic ultrasound
guidance.

Methods

Research subjects

From March 2018 to February 2020, 32 children who
underwent PDA occlusion through the femoral artery
under the guidance of TTE were continuously selected
in the Second Department of Cardiology, Beijing Chil-
dren’s Hospital, National Children’s Medical Center.
The selection criteria were as follows: weight > 10 kg,
age > 1 year, PDA diameter 2—-5 mm, clinical manifesta-
tions and cardiac overload:children had varying degrees
of palpitations, shortness of breath, and fatigue after ex-
ertion, and were susceptible to respiratory infections and
growth retardation. During the physical examination, a
prominent continuous machine-like noise was heard in
the second intercostal space of the left margin of the
sternum, accompanied by tremor. The exclusion criteria
included children who depended on PDA for survival,
right-to-left shunts for severe pulmonary hypertension,
infective endocarditis, and other cardiac malformations
requiring surgical treatment. The 32 children selected
included 8 males and 24 females, with an average age of
5.12 + 1.32 years and an average weight of 17.32 + 3.6 kg.
Of these cases, 20 PDAs were funnel-shaped with an
aortic side diameter of 8.5+2.7mm and a pumonic
diameter was 4.2 +0.6 mm. In the 12 tube-type cases,

the inner diameter of the PDA was 4.2 + 1.2 mm, and
the length was 5.5+ 0.8 mm.

Instruments and materials

A PHLIPS IE33 color Doppler ultrasound system with a
probe frequency of 5~8 MHz (Beijing Huayi Shengjie
Technology Co., Ltd. ‘s equilateral umbrella and AGA’s
ADOII occluder) was used.

Surgical methods

The parents of the children signed informed consent be-
fore the operations. TTE examinations were performed
to determine the shape, inner diameter and length of the
PDA.

The patients were supine. After basic anesthesia, the
right femoral artery was punctured, a puncture sheath
was placed, and then a 5F right heart catheter and an
extra stiff guide wire were applied. The descending aor-
tic arch was used to deliver the catheter to pass through
the PDA. Guided by TTE, the extrastiff guide wire was
manipulated to enter the pulmonary artery through the
PDA. Using the short-axis view of the aorta, the guide
wire was passed through the pulmonary artery to the
right ventricle, and the guidewire confirmed to be lo-
cated in the main pulmonary artery by TTE. The 5F
right heart catheter was retracted and replaced with an
occluder delivery sheath. The appropriate device (Beijing
Huayi Shengjie Technology Co., Ltd. and AGA ADOII)
was then selected., The disc on the pulmonary artery
side was released from a safe distance to push the occlu-
der under echocardiographic monitoring, and the sheath
was retracted to position the discs close to the PDA.
After sensing resistance, the sheath was retracted to re-
lease the remaining part of the occluder. TTE was used
to visualize the position and shape of the occluder, de-
termine the presence of a residual shunt, and determine
the blood flow velocity at the initial point of the left pul-
monary artery and the descending aorta. Auscultation
showed no murmur. After the occluder push-pull pro-
cedure, the occluder was released, and the delivery
sheath was withdrawn. Compression hemostasis was
performed at the puncture site. All patients were
followed up at the outpatient clinic for echocardiog-
raphy, chest radiographs, and ECG at 1month, 3
months, after the operation.
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Statistical analysis

Data are expressed as mean = SD and range. Differeces
between groups were compared using unpaired,2-sided
stuent t-tests for continuous variables. The chi-square
test,or Fisher’s exact test was used to categorize vari-
ables. A p value of <0.05 was defined a statistically sig-
nificant. Data were analyzed using SPSS software
(Version22.0).

Results
All 32 children underwent successful PDA occlusion
under TTE guidance. No X-ray examinations or contrast
agents were used during the operation. (Table 1) The
mean time from completion of puncture to release of
the occluder was 35.6 + 6.4 min, and the diameter of the
occluder was 4.8 + 2.3 mm. Furthermore, there were no
residual shunts, and auscultation showed no murmurs.
There was no No stenosis was observed in the descend-
ing aorta or left pulmonary artery, and no complications
occurred, including hemolysis, residual shunt, peripheral
vascular injury, or cardiac perforation. The hospital stay
was approximately 3.4+ 0.5 days, and all patients were
discharged routinely. No complications occurred in the
32 children who were followed up at 1, 3, and 6 months
(Table 2).

Figures 1, 2 and 3 show the entire process for occlu-
sion of funnel-type PDA under the guidance of transtho-
racic ultrasound alone.

Discussion

The current study demonstrated successful transcatheter
ductal closure guided only by TTE. Previously published
studies have demonstated acceptable reliability of this
procedure [9, 10]. Our research focused on PDA closure
for pediatric patients under the guidance of TTE alone.
As a new technology, this procedure has simplified sur-
gery and also avoids the damage caused by X-rays and

Table 1 Demographic data of the studied population

Cases(n=32) Controls(n = 28) P value

Age(y)

Mean + SD 5.12+1.32 542+ 1.24 0.831
Weight (kg)

Mean + SD 17.32+3.6 16.68 £ 2.9 0.927
Sex

Male 8 10

Female 24 18
TTE 32 28
X-ray 0 28
Contrast Agents 0 28
Operation Time 35.6+6.4 48.6+8.6 0.031
Device Diameter 4.8+23 4.5+2.6 0.943
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Table 2 3-month follow-up clinical electrocardiographic and
echocardiographic evolution in percutaneous closure (before
and after PDA closure)

Before After P-value

Functional Status (NYHA Classification)

NYHA | 10 24 0.01

NYHA Il 20 8 0.01

NYHAIII 2 0 1
Echocardiographic Parameters

LV diameter (mm) 3228 £9.34 2547 +734 0.02

LVEF(%) 5524+ 546 5925+7.18 0.02

NYHA:New York Heart Association, LVEF left ventricle ecjection fraction, PDA
patent ductus artersiosus

contrast agents, especially in children. The operation
time was significantly different from that of the control
group. However,no X-rays were performed,and no con-
trast agents were used, We completed the operation
more quickly under the premise of fully ensuring the
safety of the surgeon and the patient. Time was saved
using cardiovascular angiography, making the entire pro-
cedure easier and less invasive.

Porstmann et al. [11] first introduced the method of
percutaneous treatment of PDA with an occluder in
1967. Because it has the advantage of not requiring a
surgical incision, the technology hasrapidly developed
and has now become a mainstream treatment method
[12-15]. However, during the process of interventional
treatment, X-rays and contrast agents must be used,
which increases the risk and damage of the treatment
[16], especially for children during certain stages of
growth and development. In recent years, the use of
echocardiography to completely replace X-rays use dur-
ing interventional therapy has become an important
method of improving interventional therapy technology
[17]. At present, simple echocardiography-guided atrial
septal defect occlusion has become well recognized and
is widely carried out [18, 19], resulting in a new method
of interventional treatment technology to overcome ir-
radiation injury.

Children with congenital heart disease are a specific
patient group. To further overcome the injuries and
damage caused by X-rays and contrast agents in children,
the Second Department of Cardiology, National Children’s
Medical Center, started using only ultrasound guidance
without X-ray in March 2018. Percutaneous PDA occlu-
sion requires no thoracotomy, avoids X-ray irradiation,
and does not require extracorporeal circulation. All 32
cases were successfully occluded during one operation.
The operation time were significantly reduced, and no
major complications occurred during follow-up. The over-
all quality of life of the children was improved by different
degrees compared to that before surgery.
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Fig. 1 a-b Pre-procedure: Transthoratic aorta short-axis view shows the PDA (a) Continuous Doppler shows an arterial horizontal stunt (b)
A\

The author summarizes the experience as follows: The minimum age of this group of children was 1
year and 1 month, and the minimum weight was

(1) Since none of these children underwent only 10 kg. Infants, especially those younger than 6

angiography,and the procedure relied entirely on
the echocardiography diagnosis;therefore, the
ultrasound requirements were higher. We
recommend using the S5—1 probe, which has better
penetrating power and can clearly show the
anatomy of the arterial duct. The disadvantage is
that color Doppler will overestimate the blood flow,
therefore it is necessary to accurately perform two-
dimensional measurements.

(2) The surgical indications must be strictly defined to

select the appropriate population for surgery. While
maintaining safety, we strive to expand the
indications to more challenging and difficult cases.

months, have thinner arteries and are more
susceptible to vascular damage. The right
ventricular outflow tracts in children less than 1
year of age are not long; additionally, the
pulmonary artery connection has a certain angle,
and the transmission device is easily angled, and
these factors increases the difficulty of
interventional treatment for PDA. Surgical ligation
of very large PDAs in infants and young children
may be safer and more effective when a suitable
occluder option is not available.

(3) The surgeon must have a wealth of cardiac

anatomy knowledge experience in interventional

Fig. 2 a-d Intra-procedure: The descending aortic arch nview shows the guide wire passing through the PDA (a) The short-axis view of the aorta
shows the delivery sheath passing through the PDA into the pulmonary artery, and the dual track sign is visible (b) Release of the occluder disc
on the pulmonary side (c) The descending artic arch view shoes the aortic occluder disc (d)
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Fig. 3 a-b Post-procedure: The device was fixed without stenosis of the left pulmonary artery (a) Descending aorta blodd flow was normal (b)

therapy and the ability to perform conventional
interventional occlusion for PDA under X-ray guid-
ance; team members must be able to perform open-
heart cardiac surgery in emergency situations.
However,no specific emergency occurred in our
group of patients.

(4) The appropriate guide wire, catheter and delivery
sheath must be selected. We used a 5F right heart
catheter and a Cordis MPA1 catheter, and we
found that the pruned 5F pigtail catheter was the
best option. A COOK 0.035 extrastiff guide wire
was used. This guide wire was also used in children
with large angles. The COOK-0.035 extra stiff guide
wire and delivery sheath were used for the PDA de-
livery sheath. We found that the AGA delivery
sheath has better flexibility and can adapt to large-
angle operations. The disadvantage is that it cannot
deliver larger occluders.

(5) The positioning must be accurate. When the
occluder is released, the ultrasound probe is first
placed in the third intercostal space of the left
margin of the sternum to show the long axis
section of the pulmonary artery, which is used to
clearly monitor the release of the pulmonary side of
the occluder. Then, the ultrasound probe was
placed in the upper sternal fossa to show the long
axis section of the aortic arch, and the release on
the aortic side of the occluder could be clearly
monitored. The descending aortic arch of the upper
sternal fossa and the short-axis section of the aorta
near the sternum are the two most important views
in the entire surgical process.

For particularly small (<2mm) and special unique
PDAs, the author recommends radiational interventional
occlusion therapy. Since the sample size of this group
was limited and the follow-up time was short, the long-
term effects need to be further observed. In addition, the
development of this new technology requires the sur-
geon to be proficient in the hybrid technology of echo-
cardiography diagnosis and congenital heart disease

intervention therapy, and higher requirements are neces-
sary for the entire hybrid technology team. After formu-
lating strict surgical indications,and advanced operating
specifications and performing strict training of medical
staff, the technology has broad development and applica-
tion prospects.

Conclusion

We show that percutaneous closure of PDA using only
by transthoracic echocardiography TTE without radi-
ation and contrast agents is a safe procedure. This
method has wide applications in pediatric patients.

Abbreviations

PDA: Patent ductus arteriosus; TTE: Transthoracic echocardiography;
AAQ: Ascending aorta; PA: Pulmonary artery; DAO: Descending aorta;
LPA: Left pulmonary artery; RPA: Right pulmonary artery

Acknowledgements
We gratefully acknowledge the contributions of the participating doctors:
Hong-ju Zhang,Ling Zhen,Jing-ya LiNan Ding,Qiong Wu.

Authors’ contributions

Dr. Zankai Ye was the intervetionist who performed all of the operations. Dr.
Zhigiang Li and Dr. Ning Ma designed and supervised the study who are the
co-corresponding author. Dr. Hanlu Yi and Dr. Yaobing Zhu are surgeons
who assisted Dr. Ye in completing the operations. Dr. Yan Sun , Dr. Pei Li are
pediatric cardiologists who performed the echocardiography. All co-authors
have intellectually supported the study. All authors read and approved the
final manuscript.

Funding
No funding.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate

This study was approved by the ethics committee of the Captial Medical
University, China. All participants were informed of the details of the study
and singed a consent form.

Consent for publication
Not applicable.

Competing interests
We hereby declare that there are no competing interests for any of the
above mentioned co-authors regarding the preparation of this paper.



Ye et al. Journal of Cardiothoracic Surgery (2020) 15:107 Page 6 of 6

Received: 9 January 2020 Accepted: 27 April 2020
Published online: 24 May 2020

References

1. Bamteau AE, Hascot S, Baruteau J, Boudjemline Y, Lambert V, Angel CY,
et al. Transcatheter closure of patent duceus arteriosus:past, present and
future. Arch Cardiovasc Dis. 2014;107(2):122-32.

2. Zahn EM, Peck D, Phillips A, Nevin P, Basaker K, Simmons C, et al.
Transcatheter closure of patent ductus arteriosus in extremely premature
newborns:early results and midterm follow up. JACC Cardiovasc Interv.
2016,9(23):2429-37.

3. Meinel FG, Nance JW, Harris BS, De Cecco CN, Costello P, Joseph SU.
Radiation risks from cardiovascular imaging tests. Circulation. 2014;130(5):
442-5.

4. Balter S, Miller DL. Patient skin reactions from interventional fluoroscopy
procedures. AJR Am J Roentgenol. 2014;202(4):W335-W42.

5. Maioli M, Toso A, Leoncini M, Gallopin M, Musilli N, Bellandi F. Persistent
renal damage after contrast induced acute kidney injuryincidence,
evolution, risk factors.and prognosis. Circulation. 2012;125(25):3099-107.

6. Pan XB, Ouyang WB, Wang SZ, Liu Y, Zhang DW, Zhang FW, et al.
Transthoracic echocardiography-guided percutaneous patent ductus
arteriosus occlusion: A new strategy for interventional treatment.
Echocardiography. 2016;33(7):1040-5.

7. Pan XB, Peng KJ, Ouyang WB, Wang SS, Liu Y, Zhang DW, et al. Application
of percutaneous ventricular septal defect closure under solely guidance of
echocardiography. Chinese Circ J. 2015;30(8):774-6.

8. Pan XB, Hu SS, Ouyang WB, Zhang FW, Zhang DW, Liu Y, et al. Application
of percutaneous balloon pulmonary valvuloplasty under echocardiographic
guidance. Chinese J Pediatr Surg. 2015,36(4):286-8.

9. Chen W, Yan XP, Huang Y, Sun XD, Zhong L, Li JG, et al. Transthoracic
echocardiography as an alternative major guidance to angiography during
transcatheter closure of patent ductus arteriosus: technical feasibility and
clinical relevance. Pediatr Cardiol. 2015;36(1):14-9.

10. Cao H, Chen Q, Zhang GC, Chen LW, Xu F, Zhang JX. Clinical study of
stand-alone transthoracic echocardiography-guided percutaneous occlusion
of patent ductus arteriosus. Anatol J Cardiol. 2018;20(1):30-4.

11, Porstmann W, Wierny L, Warnke H. Closure of persistent ductus arteriosus
without thoracotomy. Ger Med Mon. 1967;12(6):259-61.

12. Butera G, De Rosa G, Chessa M, Piazza L, Delogu A, Frigiola A, et al.
Transcatheter closure of persistent ductus arteriosus with the Amplatzer
duct occluder in very young symptomatic children. Heart. 2004;,90(12):1467-
70.

13. Liem NT, Tung CV, Van Linh N, Tuan TM, Quang LH, Tu TT. Outcomes of
thoracoscopic clipping versus transcatheter occlusion of patent ductus
arteriosus:randomized clinical trial. J Pediatr Surg. 2014;49(2):363-6.

14. Bass JL, Wilson N. Transcatheter occlusion of the patent ductus arteriosus in
infants:experimental testing of a new Amplatzer device. Catheter Cardiovase
Interv. 2014;83(2):250-5.

15. A-Ata J, Arfi AM, Hussain A, Kouatli AA, Jalal MO. The efficacy and safety of
the Amplatzer ductal occluder in young children and infants. Cardiol
Young. 2005;15(3):279-85.

16.  Meinel FG, Nance JW Jr, Harris BS, De Cecco CN, Costello P, Joseph Schoepf
U. Radiation risks from cardiovascular imaging test. Circulation. 2014;130(5):
442-5.

17. Ewert P, Berger F, Daehnert |, Wees JV, Gittermann M, Abdul-Khalig H, et al.
Transcatheter closure of atrial septal defects without fluoroscopy:feasibility
of a new method. Circulation. 2000;101(8):847-9.

18. Pan XB, Peng KJ, Hu SS, OuYang WB, Zhang FW, Zhang DW, et al. Safety
and efficacy of percutaneous transcatheter closure of atrial septal defect

under transesophageal echocardiography guidance in children. Chinese J Ready to submit your research? Choose BMC and benefit from:
Cardiol. 2013;41(9):744-6.

19. Tzifa A, Gordon J, Tibby SM, Rosenthal EQureshi SA. Transcatheter atrial o fast, convenient online submission
septal defect closure guided by co] our flow Doppler. Int J Cardiol, 2011; o thorough peer review by experienced researchers in your field
149(3):299-303. o rapid publication on acceptance

o support for research data, including large and complex data types
Publisher’s Note e gold Open Access which fosters wider collaboration and increased citations

Springer Nature remains neutral with regard to jurisdictional claims in * maximum visibility for your research: over 100M website views per year

published maps and institutional affiliations.
At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Research subjects
	Instruments and materials
	Surgical methods
	Statistical analysis

	Results
	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

