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Abstract 
This review aims to sum up the improvements witnessed in the field of inter-
ventional cardiology during recent times. The last decade has witnessed sig-
nificant technical advances in the field of radiological imaging and also in in-
terventional cardiology which has helped to offer more non-invasive solu-
tions for the management of congenital heart defects. This has resulted from 
the use of advanced 3-dimensional fusion imaging instead of conventional 
2-dimensional angiography, applying interactive real-time enhancement and 
using computed tomography and Magnetic Resonance Imaging for interven-
tional procedures. Similarly the introduction of next generation devices, have 
not only improved the final outcome of the procedure but also has helped in 
reducing the challenges that were faced before and with the initial generation 
of devices. These advances have helped not only in reducing the radiation 
exposure, the use of contrast medium dose but also have resulted in improved 
early survival. The field of neonatal cardiology has advanced at an unprece-
dented pace. The transcatheter closure of patent ductus arteriosus has evolved 
over time and now it has been made possible at much lower body weight. Si-
milarly, early use of stents for aortic coarctation has been found effective in 
some patients, especially when surgical intervention had been denied. The 
application of the hybrid approach for the management of complex congenit-
al heart defects has also been effectively applied. More recently transcatheter 
placement of the pulmonary valve has been introduced for severely stenotic 
and/or regurgitant pulmonary valve in adolescents and adults. It is antic-
ipated that in near future, this procedure would be available for relatively 
younger patients. In conclusion: last 2 decades have improvised pediatric in-
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terventional cardiology to incorporate less invasive solutions for CHD. The 
current advances in radio-diagnostic imaging, gadgetry and technical exper-
tise have improved significantly and led to manage many of such defects by 
trans-catheter approach. This has led also, to replace the early surgical inter-
vention with a more subtle hybrid approach, thus reducing not only the ma-
jor surgical trauma but also been found to be cost-effective due to a shorter 
hospital stay. But a learning curve for performers is required for optimum 
results and also such procedures should be performed in a fully developed fa-
cility with an optimum surgical backup. 
 

Keywords 
Congenital Heart Defects, Interventional Cardiac Catheterization, Pediatric 
Cardiac Catheterization 

 

1. Introduction 

Pediatric cardiac interventions continue to develop fewer invasive solutions for 
the management of congenital heart defects, thus minimizing the use of open-heart 
surgery. In the past ten years, there have been significant technical advances in 
the management of congenital heart defects, especially in the field of diagnostic 
cardiac imaging and in interventional cardiac catheterization. This is the result 
of introducing modified and next generation devices, which have helped in im-
proving the final outcome of the procedure and in reducing the challenges that 
were faced while using the pre-existing first-generation devices. This review 
aims to explore the major technical and procedural advances made in the field of 
interventional cardiology and so to sum up the improvements and changes made 
during the last decade or so. 

Successful cardiac management improves the early survival of infants with 
congenital heart defects and helps them to grow into healthy adult life. Early and 
optimum cardiac care is required to provide all patients with congenital heart 
defects with equal opportunities for a healthy life. The innovation in the field of 
cardiac intervention has helped in better and effective management of such con-
ditions. 

Significant progress has been made in radio-diagnostic imaging, which has 
evolved over time from 2-dimensional angiography to 3-dimensional fusion im-
aging in the catheterization laboratory. In addition, preparing and conducting 
procedures using interactive and real-time enhancement has been made possi-
ble. The use of computed tomography and MRI for intervention in the cathete-
rization laboratory also has helped in reducing the radiation exposure time and 
the use of contrast medium dose. 

The field of neonatal cardiology has advanced at an unprecedented pace. 
Many studies have been published regarding innovative transcatheter cardiac 
interventions for infants and young children. The transcatheter closure of PDA 
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during infancy has evolved over time and now with the development of new and 
high profile devices, duct occlusion has been made possible in younger children 
and at much lower body weight. Significant advances have been made in the 
management of critical stenoses in the same way. Early use of stents for aortic 
coarctation has been attempted and been found effective in certain patients with 
neonatal critical coarctation, especially when surgical intervention had been de-
nied because of the critical condition of patients [1]. In this article, Arfi et al., 
have described a follow-up of up to 15 years after stent angioplasty for critical 
native aortic coarctation in three newborns who were denied surgical interven-
tion due to the presence of multiple co-morbidity factors. The surgical interven-
tion was not required and they were doing fine till the time of reporting though 
multiple transcatheter interventions were required. In the same way, use of the 
hybrid approach for the management of complex congenital heart defects has 
been effectively applied especially in cases of hypo-plastic left heart syndromes, 
in percutaneous closure of some cases of ventricular septal defects and also in 
stent angioplasty of peripheral pulmonary arteries. More recently transcatheter 
placement of the pulmonary valve has been introduced for severely stenotic 
and/or regurgitant pulmonary valve in adolescents and adults. The future inno-
vations in technology are promising to cater to the growing patient population 
and it is anticipated that in near future with improvement in the valve itself and 
in the introducing sheaths, this procedure would be available for a relatively 
younger group of patients. 

2. Methodology 

Inclusion criteria 
The criterion for the selection of journals for review was laid as follows: 
1) The relevant, credible and peer reviewed research journals with the high 

impact factor were included for review. 
2) The journals available on the scientific database such as Elsevier, Springer, 

PubMed, and Google Scholars were selected for review. 
3) Studies addressing the pediatric cardiac interventional procedures were se-

lected for the review. 
Based on the above criteria about 55 articles were selected for review. Subjec-

tive selection reduced the number to about 45. Further shortlisting was done 
based on the topics of special interest. At the end, about 35 articles were used for 
reference purposes. All of the articles were gone through thoroughly with special 
attention given to the methodology, the procedure. The appropriate portions 
were referenced as required. 

3. Literature Review 
3.1. Cardiac Imaging 

During the past, decade the field of pediatric cardiac disorders has gone through 
significant advancements, and so the interventional cardiology and catheteriza-

https://doi.org/10.4236/jbm.2021.97020


M. H. Sharfi et al. 
 

 

DOI: 10.4236/jbm.2021.97020 222 Journal of Biosciences and Medicines 
 

tion have evolved into major technological achievements. The modalities in car-
diac imaging like Intracardiac echocardiography, real-time 3-dimensional vessel 
navigator, 3-dimentional roadmap, rotational angiography with holography, MRI, 
Transesophageal Echocardiography (TEE), and 3D printing have evolved over 
time and, has helped in the management of many types of complex congenital 
heart defects in the cardiac catheterization laboratory Another mile stone 
achieved has been the development and application of the Three-Dimensional 
Rotational Angiography (3DRA) in the cardiac catheterization laboratory. It is one 
of the most emerging imaging modalities. It helps in real-time attainment of a 3D 
volume rendering and cross-section imaging, thus aiding in the conception of 
the complex cardiac anatomy, and in navigation during the interventional proce-
dures. The image attainment is performed by a rotation through an arc of the 
C-arm of the angiography system. The system is equipped with a flat detector 
CT (Computed Tomography). The volume set is used in the reconstruction of 
3D structures of the point of interest, when the images are overladen onto the 
live fluoroscopy for road mapping during the interventional procedures. The 
registered 3D space is also capable of integration with the 3D datasets from the 
CT or Magnetic Resonance Imaging (MRI) studies [2]. The 3D-printed models 
thus developed carry a vital role in medical training as well as in the patient 
education, for cardiac anatomy’s spatial conceptualization. The improvements 
constantly provide for the newer opportunities in the use of 3D-printed models 
in infants and young children with congenital heart defects (Figure 1) [3]. 

Stenger, Dittrich and Glöckler have evaluated the accuracy and utility of 
3DRA during interventions for aortic obstructive lesions [5]. The study was 
conducted for a period of four years, starting from 2010 to 2014, when 3DRA 
was used in 77 patients having aortic obstructive lesions. They concluded that 
the use of 3DRA in patients having aortic obstructive lesions had advantage over 
the conventional angiography. It helped in more accurate anatomical delineation 
of the lesions. Three Dimensional (3D) guidances also helped in a simplified and 
a faster intervention with higher patients’ safety and a potential in the reduction of 
the radiation dose. In the same context, Nguyen et al. did a comparative analysis of 
radiation exposure time with or without the use of 3DRA during trans-catheter 
placement of Melody valve at the pulmonary position [6]. The study was 

 

 
(a) (b) 

Figure 1. Comparison of virtual 3D reconstruction model (a) and 3D 
printed heart model (b) (Sun Z. et al., 2019) [4]. 
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conducted to test the hypothesis that 3DRA does not cause excess radiation ex-
posure during TPV placement. They concluded that there was no statistically 
significant difference of radiation exposure time between 3DRA and non-3DRA 
assisted procedure. Major success rate has been achieved by use of 3DRA in the 
treatment of the obstructive lesion, including obstructive surgical conduits, acute 
postoperative stenoses, which had previously been resistant to the conventional 
interventional therapies [7]. 

3.2. Duct Occlusion 

Trans-catheter duct occlusion has evolved over time significantly. The first- 
generation devices for PDA occlusion were suitable only for selected types of 
ducti and in certain age groups only. Subsequently more innovations were in-
troduced in the device profiles. So many different types of devices were intro-
duced, the delivery systems were miniaturized (Figure 2). This has resulted in 
the use of trans-catheter approach for duct occlusion in younger and younger 
patients. There is no sufficient data on the efficacy of Nit-occluder devices for 
PDA occlusion. Duct occlusion by using ADO (Amplatzer Ductal Occluder) was 
found to be associated with the risk of aortic obstruction. Same way transcathe-
ter closure of PDA had been found risky in patients who had developed signifi-
cant pulmonary arterial hypertension. It has been recommended suitably only 
for those patients who had pulmonary to systemic flow ratio of 2:1 or more [8]. 
Suitability for PDA closure in high risk group could also be determined by re-
cording a significant drop in pulmonary artery pressure upon transient test oc-
clusion in catheterization laboratory. This test occlusion has helped in selecting 
some more cases for trans-catheter occlusion, which initially were labeled as 
high risk and/or inoperable.  

3.3. Hybrid Procedures 

More recently, hybrid approach has been developed and now being in practice 
for managing some complex Congenital Heart Diseases (CHD) in children. A 
hybrid approach combines the traditional surgical and interventional catheteri-
zation into a single strategy. The execution of a successful hybrid procedure ne-
cessitates a dynamic and close working relationship between the surgeon and the 
interventional cardiologist that begins not only before but also continues 
throughout and even after the hybrid procedures [9]. A hybrid approach has 
specifically been applied for managing the patients having Hypo-plastic Left 
Heart Syndrome (HLHS). It is an alternative to the standard surgical procedure 
called Norwood palliation and involves atrial septostomy, ductus arteriosus 
stenting, and bilateral pulmonary artery banding [10] [11]. The Hybrid Nor-
wood procedure, now known as hybrid Stage 1 palliation has gone through quite 
modifications over time (Figure 3), however, the three main objectives of the 
procedure have been same as the standard surgical approach: creation of unob-
structed atrial communication, unobstructed systemic arterial blood flow, and 
restricting the pulmonary blood flow [12].  
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Figure 2. Defferent devices used for PDA closure. 1. Gianturco 
coils; 2. Amplatzer duct occuluder 1; 3. Amplatzer duct 
occuluder 2; 4. Amplatzer duct occuluder Additional Size 
(AS); 5. Amplatzer vascular plug II. 

 

 
Figure 3. Hybrid Stage 1 palliation procedure surgical 
diagram: On the main PA, a purse-string suture is set, 
and a 6-Fr sheath is installed. Under fluoroscopic guidance, 
the ductal catheter is inserted via the scabbard, resulting 
in stage I palliation (Maluf Miguel: 2014) [17]. 

 
Akintuerk et al. in 2002 published their initial experience of the arterial duct 

stenting followed by the pulmonary arteries banding in cases of Hypoplastic Left 
Heart Syndrome (HLHS) [11]. It was the first clinical trial that showed its effi-
cacy-in the newborns who were born with HLHS. This allowed for a combina-
tion of surgical neo-aortic reconstruction and stenting of ductus, as part of the 
first-stage palliation. It helped in-achieving a reduction in the distal PA pressure 
(< 50%) of the systemic pressure and in the systemic oxygen saturation of 80%. 
The study showed a survival rate of 82% through to the Stage 2 palliation of 
placement of bidirectional glen shunt. A modification of this method was intro-
duced by Galantowicz and Cheatham in 2005 by performing PA banding and 
arterial duct stenting, thus increasing the survival to be 83% through to the Stage 
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3 palliation [13] [14]. 
Lie et al. has published their experience of five years of the Intraoperative Hy-

brid Procedure (IHP) in neonates and children having CHD [15]. The study was 
conducted for a period starting from 2003 to 2009 and included 152 child-
ren-younger than two years of age. It was concluded that a hybrid procedure 
could avoid the application of the cardiopulmonary bypass and help in the re-
duction of surgical trauma in young children having CHD. Haponiuk et al. also 
had published their experience of 5 years (from 2008 to 2013) of using hybrid 
approach. 80 children who underwent a hybrid procedure for congenital heart 
defects were included in the review. They concluded that application of hybrid 
procedures reduce the initial mortality rate as compared to open-heart surgery 
procedures alone [16]. 

3.4. Trans-Catheter Valve Implantation 

The transcatheter valve implantation is one of the fastest growing innovative 
procedures in the field of cardiothoracic medicine in older children and adoles-
cents. The use of currently developed devices has helped in the treatment of a 
large number of patients that formerly required repeated surgical intervention. 
The first of its prototype, The Melody® TPV (Medtronic, Inc., Minneapolis, MN, 
USA) was developed for percutaneous implantation at pulmonary position and 
was based on Philipp Bonhoeffer’s prototype of a stent-mounted biological valve 
(Figure 4). Butera et al. studied the implications of Melody® pulmonary valve 
implantation from the registry of pediatric cardiology. The implantation success 
rates were quite acceptable. However, no definitive conclusions were drawn 
from the study [18]. Even though the delivery system of Melody valve was expli-
citly designed for use at the pulmonary position, but the Edwards Sapien valve 
was developed for transcatheter placement at the aortic valve position but later 
on its use was extended at the pulmonary valve position [19]. FDA approval in 
2016 was awarded to the next-generation device, the Edwards Sapien XT Valve, 
for its use in the dysfunctional pulmonary artery to right ventricle conduits. A 
newer version of the Sapien valve by the name S3 valve has also been successfully 
implanted in the non-pulmonary position [20] [21]. More recently, a meta-analysis 
of the transcatheter pulmonary valves implantation, including both the Sapien 
and Melody valves, has confirmed a very high success rate of 96.2% amongst 
1044 patients [22].  

4. Discussion 

The current advances in imaging modalities have led to better understanding of 
complex cardiac anatomy. Three Dimensional (3D) echocardiography, 3D 
printing and 3D reconstruction of MR images has played a major role in better 
and spatial understanding of complex cardiac anatomy not only for attending 
physicians but for the patients also. Same way 3DRA has also been found to have 
major diagnostic advantage in profiling the complexities of cardiac anatomy  
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Figure 4. Showing the melody valve, the implants can be 
twisted down to 6 mm, placed on a BIB balloon, and 
re-expanded up to 18, 20, and 22 mm. A modified bovine 
giugular vein with valve segment sutured on Numed Pla-
tinum Iridium stent; the stent can be crimped down to 6 
mm, mounted on a BiB balloon, and re-expanded up to 
18, 20, and 22 mm. 

 
from the multiple projections that enhance the appreciation of spatial vascular 
relationships. Many studies have reported added advantages of using 3DRA in 
understanding of the mechanism of pulmonary artery stenosis and in identifica-
tion of additional discrete lesions. Besides, it also helps in the assessment of air-
ways and their compression caused by vascular anomalies which are quite fre-
quently encountered and have significant implications in clinical management 
[23] [24] [25]. More advances are anticipated in the image-fusion technology 
when ultrasonically and magnetically acquired imaging could be fused for a 
clearer profiling of spatial anatomy of complex lesions.  

The hybrid closure of Ventricular Septal Defect (VSD) had been attempted in 
animal studies since late 1990s and then later on, was successfully applied in 
clinical practice. A puncture in the right ventricular free wall was performed via 
a mini sternotomy without putting the patient on cardiopulmonary bypass ma-
chine and the device was introduced and placed across the defect under fluoros-
copic visualization. In ideal conditions, the hybrid interventions in patients with 
HLHS must be carried out in a specially made hybrid suite, with the surgeon 
banding both the pulmonary arteries via a median sternotomy, whereas, the in-
terventional cardiologist would stent arterial duct via a purse-string in the main 
pulmonary artery. In the cases of restrictive atrial septal communication, atri-
al-septostomy could be performed, or a stent would be placed across the restric-
tive defect in the septum. Even though the hybrid approach has been known to 
reduce the initial mortality, however, it predictably leads to increased inter-stage 
mortality and a more complex second-stage palliation [12] [26] [27]. 

The children who are born with semilunar valve atresia present a life threat-
ening situation and patency of the ductus is a key to maintain their life [28]. Pa-
tency of ductus needs to be maintained for a period till the patients are brought 
in for phased cardiac surgical repair. Aortic and pulmonary atresia are common 
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duct-dependent cardiac lesions that present early in life and in emergency. It is 
critical to recognize and treat these as soon as possible in order to save their life 
[28]. 

In both children and adults, transcatheter closure of PDA has been the cor-
nerstone of care [29]. In their study which was published in 2010, Fortescue et 
al. presented a retrospective case series of 1808 patients who underwent transca-
theter closure of PDA [30]. The overall closure rate was 94 percent-nonetheless, 
procedure-related concerns were also reported in patients of various ages, but 
particularly were common in infants [31] [32] [33]. Fischer et al. has recom-
mended, Amplatzer Duct Occluder (ADO) as an alternative to surgical ligation 
for small babies with persistently patent ductus arteriosus [31]. Further im-
provements in the devices and miniaturization of introducing sheaths helped in 
further limiting the surgical referral to very few premature newborns. Same way, 
coils, gel foams, septal and ductal occluders have all made a significant progress 
in transcatheter occlusion of various irregular vascular communications [34]. 
Amplatzer Vascular Plugs (AVPs) are great alternatives to other current embo-
lization systems for medium-to-large vascular communications [35]. The major-
ity of the current research on AVPs is based on their use in peripheral vascular 
anomalies. Because of their low profile, simplicity, control of distribution, and 
low risk of embolization, their use in various venous malformation is increasing. 
The use of AVPs to close PDAs is also in practice [36] [37]. Delaney, J. W. and 
Fletcher, S. E. evaluted the safety and efficacy of AVP II for PDA closure in 43 
infants less than 4.3 kg and have 89% successful closure in labs and 100% closure 
in post procedural echocardiogram [38]. AVPs prove to be a more cost-effective 
for PDA occlusion as compared to the ADO, particularly in tubular type of PDA 
that had been considered to be more difficult to occlude with other duct occlud-
er devices [38]. 

5. Conclusion 

During the last decade or 2, pediatric interventional cardiology was able to in-
corporate less invasive solutions for CHD. The current advances in gadgetry and 
techniques used for transcatheter intervention for simple and complex congenit-
al heart defects had improved significantly over time and had led to manage 
many of such defects by trans-catheter approach. The application of advanced 
and improved imaging modalities has led to replacing the early surgical inter-
vention with a more subtle hybrid approach, thus reducing not only the major 
surgical trauma to the patient but also been found cost-effective due to a shorter 
hospital stay. Such procedures should be performed by expert hands and in a 
fully developed facility. All these have helped to increase the early life expectancy 
and so the chances of patients to grow to adulthood. 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this pa-
per. 

https://doi.org/10.4236/jbm.2021.97020


M. H. Sharfi et al. 
 

 

DOI: 10.4236/jbm.2021.97020 228 Journal of Biosciences and Medicines 
 

References 
[1] Arfi, A.M., et al. (2018) Stent Angioplasty for Critical Native Aortic Coarctation in 

Three Infants: Up to 15 Year Follow Up without Surgical Intervention and Review 
of the Literature. Pediatric Cardiology, 39, 1501-1503.  
https://doi.org/10.1007/s00246-018-1922-8 

[2] Kang, S.-L. and Benson, L. (2018) Recent Advances in Cardiac Catheterization for 
Congenital Heart Disease. F1000Research, 7, 370.  
https://doi.org/10.12688/f1000research.13021.1 

[3] Zablah, J.E. and Morgan, G.J. (2020) Innovations in Congenital Interventional Car-
diology. Pediatric Clinics of North America, 67, 973-993.  
https://doi.org/10.1016/j.pcl.2020.06.012 

[4] Sun, Z., et al. (2019) Personalized Three-Dimensional Printed Models in Congenital 
Heart Disease. Journal of Clinical Medicine, 8, 522.  
https://doi.org/10.3390/jcm8040522 

[5] Stenger, A., Dittrich, S. and Glöckler, M. (2016) Three-Dimensional Rotational An-
giography in the Pediatric Cath Lab: Optimizing Aortic Interventions. Pediatric 
Cardiology, 37, 528-536. https://doi.org/10.1007/s00246-015-1310-6 

[6] Nguyen, H.H., et al. (2016) Radiation Exposure by Three-Dimensional Rotational 
Angiography (3DRA) during Trans-catheter Melody Pulmonary Valve Procedures 
(TMPV) in a Pediatric Cardiac Catheterization Laboratory. Pediatric Cardiology, 
37, 1429-1435. https://doi.org/10.1007/s00246-016-1453-0 

[7] Upadhyay, J., et al. (2019) Pathophysiology, Etiology, and Recent Advancement in 
the Treatment of Congenital Heart Disease. Journal of Indian College of Cardiolo-
gy, 9, 67. https://doi.org/10.4103/JICC.JICC_11_19 

[8] Vano, E., Ubeda, C., Leyton, F. and Miranda, P. (2008) Radiation Dose and Image 
Quality for Paediatric Interventional Cardiology. Physics in Medicine and Biology, 
53, 4049-4062. https://doi.org/10.1088/0031-9155/53/15/003 

[9] Feltes, T.F., et al. (2011) Indications for Cardiac Catheterization and Intervention in 
Pediatric Cardiac Disease. Circulation, 123, 2607-2652.  
https://doi.org/10.1161/CIR.0b013e31821b1f10 

[10] Gibbs, J.L., Wren, C., Watterson, K.G., Hunter, S. and Hamilton, J.R. (1993) Stent-
ing of the Arterial Duct Combined with Banding of the Pulmonary Arteries and 
Atrial Septectomy or Septostomy: A New Approach to Palliation for the Hypoplas-
tic Left Heart Syndrome. Heart, 69, 551-555.  
https://doi.org/10.1136/hrt.69.6.551 

[11] Akintuerk, H., et al. (2002) Stenting of the Arterial Duct and Banding of the Pul-
monary Arteries. Circulation, 105, 1099-1103.  
https://doi.org/10.1161/hc0902.104709 

[12] Zampi, J.D. and Whiteside, W. (2018) Innovative Interventional Catheterization 
Techniques for Congenital Heart Disease. Translational Pediatrics, 7, 104-119.  
https://doi.org/10.21037/tp.2017.12.02 

[13] Galantowicz, M. and Cheatham, J.P. (2005) Lessons Learned from the Development 
of a New Hybrid Strategy for the Management of Hypoplastic Left Heart Syndrome. 
Pediatric Cardiology, 26, 190-199. https://doi.org/10.1007/s00246-004-0962-4 

[14] Galantowicz, M., et al. (2008) Hybrid Approach for Hypoplastic Left Heart Syn-
drome: Intermediate Results after the Learning Curve. The Annals of Thoracic Sur-
gery, 85, 2063-2071. https://doi.org/10.1016/j.athoracsur.2008.02.009 

[15] Li, S.-J., et al. (2010) Intraoperative Hybrid Cardiac Surgery for Neonates and Young 

https://doi.org/10.4236/jbm.2021.97020
https://doi.org/10.1007/s00246-018-1922-8
https://doi.org/10.12688/f1000research.13021.1
https://doi.org/10.1016/j.pcl.2020.06.012
https://doi.org/10.3390/jcm8040522
https://doi.org/10.1007/s00246-015-1310-6
https://doi.org/10.1007/s00246-016-1453-0
https://doi.org/10.4103/JICC.JICC_11_19
https://doi.org/10.1088/0031-9155/53/15/003
https://doi.org/10.1161/CIR.0b013e31821b1f10
https://doi.org/10.1136/hrt.69.6.551
https://doi.org/10.1161/hc0902.104709
https://doi.org/10.21037/tp.2017.12.02
https://doi.org/10.1007/s00246-004-0962-4
https://doi.org/10.1016/j.athoracsur.2008.02.009


M. H. Sharfi et al. 
 

 

DOI: 10.4236/jbm.2021.97020 229 Journal of Biosciences and Medicines 
 

Children with Congenital Heart Disease: 5 Years of Experience. Annals of Thoracic 
and Cardiovascular Surgery, 16, 406-409. 

[16] Haponiuk, I., et al. (2013) Hybrid Cardiovascular Procedures in the Treatment of 
Selected Congenital Heart Disease in Children: A Single-Centre Experience. Kardi-
ologia Polska, 72, 324-330. https://doi.org/10.5603/KP.a2013.0345 

[17] Miguel, M. (2014) Hypoplastic Left Heart Syndrome: Why Use Hybrid Procedure?  
https://doi.org/10.5772/57116 

[18] Butera, G., et al. (2013) Melody Transcatheter Pulmonary Valve Implantation. Re-
sults from the Registry of the Italian Society of Pediatric Cardiology. Catheterization 
and Cardiovascular Interventions, 81, 310-316. https://doi.org/10.1002/ccd.24518 

[19] Garay, F., Webb, J. and Hijazi, Z.M. (2006) Percutaneous Replacement of Pulmo-
nary Valve Using the Edwards-Cribier Percutaneous Heart Valve: First Report in a 
Human Patient. Catheterization and Cardiovascular Interventions, 67, 659-662. 
https://doi.org/10.1002/ccd.20753 

[20] Haas, N.A., et al. (2013) Percutaneous Implantation of the Edwards SAPIENTM 
Pulmonic Valve: Initial Results in the First 22 Patients. Clinical Research in Cardi-
ology, 102, 119-128. https://doi.org/10.1007/s00392-012-0503-8 

[21] Suntharos, P. and Prieto, L.R. (2017) Percutaneous Pulmonary Valve Implantation 
in the Native Right Ventricular Outflow Tract Using a 29-mm Edwards SAPIEN 3 
Valve. World Journal for Pediatric and Congenital Heart Surgery, 8, 639-642.  
https://doi.org/10.1177/2150135116655125 

[22] Chatterjee, A., et al. (2017) Transcatheter Pulmonary Valve Implantation: A Com-
prehensive Systematic Review and Meta—Analyses of Observational Studies. Jour-
nal of the American Heart Association, 6, e006432.  
https://doi.org/10.1161/JAHA.117.006432 

[23] Glatz, A.C., et al. (2010) Use of Angiographic CT Imaging in the Cardiac Catheteri-
zation Laboratory for Congenital Heart Disease. JACC: Cardiovascular Imaging, 3, 
1149-1157. https://doi.org/10.1016/j.jcmg.2010.09.011 

[24] Pedra, C.A., Fleishman, C., Pedra, S.F. and Cheatham, J.P. (2011) New Imaging 
Modalities in the Catheterization Laboratory. Current Opinion in Cardiology, 26, 
86-93. https://doi.org/10.1097/HCO.0b013e3283437fb4 

[25] Fagan, T.E., et al. (2014) Multimodality 3-Dimensional Image Integration for Con-
genital Cardiac Catheterization. Methodist DeBakey Cardiovascular Journal, 10, 
68-76. https://doi.org/10.14797/mdcj-10-2-68 

[26] Amin, Z., et al. (1998) Intraoperative Closure of Muscular Ventricular Septal Defect 
in a Canine Model and Application of the Technique in a Baby. The Journal of 
Thoracic and Cardiovascular Surgery, 115, 1374-1376.  
https://doi.org/10.1016/S0022-5223(98)70222-3 

[27] Abadir, S., et al. (2009) Advances in Paediatric Interventional Cardiology since 
2000. Archives of Cardiovascular Diseases, 102, 569-582.  
https://doi.org/10.1016/j.acvd.2009.04.006 

[28] Kumar, P., Datta, R., Nair, R. and Sridhar, G. (2011) Stent Implantation of Patent 
Ductus Arteriosus in a Newborn Baby. Medical Journal, 67, 171.  
https://doi.org/10.1016/S0377-1237(11)60027-0 

[29] Celiker, A., Aypar, E., Karagöz, T., Dilber, E. and Ceviz, N. (2005) Transcatheter 
Closure of Patent Ductus Arteriosus with Nit-Occlud Coils. Catheterization and 
Cardiovascular Interventions, 65, 569-576. https://doi.org/10.1002/ccd.20423 

[30] Fortescue, E.B., et al. (2010) To Close or Not to Close: The Very Small Patent Duc-

https://doi.org/10.4236/jbm.2021.97020
https://doi.org/10.5603/KP.a2013.0345
https://doi.org/10.5772/57116
https://doi.org/10.1002/ccd.24518
https://doi.org/10.1002/ccd.20753
https://doi.org/10.1007/s00392-012-0503-8
https://doi.org/10.1177/2150135116655125
https://doi.org/10.1161/JAHA.117.006432
https://doi.org/10.1016/j.jcmg.2010.09.011
https://doi.org/10.1097/HCO.0b013e3283437fb4
https://doi.org/10.14797/mdcj-10-2-68
https://doi.org/10.1016/S0022-5223(98)70222-3
https://doi.org/10.1016/j.acvd.2009.04.006
https://doi.org/10.1016/S0377-1237(11)60027-0
https://doi.org/10.1002/ccd.20423


M. H. Sharfi et al. 
 

 

DOI: 10.4236/jbm.2021.97020 230 Journal of Biosciences and Medicines 
 

tus Arteriosus. Congenital Heart Disease, 5, 354-365.  
https://doi.org/10.1111/j.1747-0803.2010.00435.x 

[31] Fischer, G., Stieh, J., Uebing, A., Grabitz, R. and Kramer, H.H. (2001) Transcatheter 
Closure of Persistent Ductus Arteriosus in Infants Using the Amplatzer Duct Oc-
cluder. Heart, 86, 444-447. https://doi.org/10.1136/heart.86.4.444 

[32] Butera, G., et al. (2004) Transcatheter Closure of Persistent Ductus Arteriosus with 
the Amplatzer Duct Occluder in Very Young Symptomatic Children. Heart, 90, 
1467-1470. https://doi.org/10.1136/hrt.2003.025122 

[33] Al-Ata, J., Arfi, A.M., Hussain, A., Kouatli, A.A. and Jalal, M.O. (2005) The Efficacy 
and Safety of the Amplatzer Ductal Occluder in Young Children and Infants. Car-
diology in the Young, 15, 279-285. https://doi.org/10.1017/S1047951105000570 

[34] Holzer, R. and Hijazi, Z.M. (2004) Interventional Approach to Congenital Heart 
Disease. Current Opinion in Cardiology, 19, 84-90.  
https://doi.org/10.1097/00001573-200403000-00003 

[35] Wang, W., et al. (2012) The Amplatzer Vascular Plug: A Review of the Device and 
Its Clinical Applications. Cardiovascular and Interventional Radiology, 35, 725-740.  
https://doi.org/10.1007/s00270-012-0387-z 

[36] Hill, S.L., Hijazi, Z.M., Hellenbrand, W.E. and Cheatham, J.P. (2006) Evaluation of 
the Amplatzer Vascular Plug for Embolization of Peripheral Vascular Malforma-
tions Associated with Congenital Heart Disease. Catheterization and Cardiovascular 
Interventions, 67, 112-118. https://doi.org/10.1002/ccd.20555 

[37] Delaney, J.W. and Fletcher, S.E. (2013) Patent Ductus Arteriosus Closure Using the 
Amplatzer Vascular Plug II for All Anatomic Variants. Catheterization and Cardi-
ovascular Interventions, 81, 820-824. https://doi.org/10.1002/ccd.24707 

[38] Schwartz, M., Glatz, A.C., Rome, J.J. and Gillespie, M.J. (2010) The Amplatzer Vas-
cular Plug and Amplatzer Vascular Plug II for Vascular Occlusion Procedures in 50 
Patients with Congenital Cardiovascular Disease. Catheterization and Cardiovascu-
lar Interventions, 76, 411-417. https://doi.org/10.1002/ccd.22370 

 

https://doi.org/10.4236/jbm.2021.97020
https://doi.org/10.1111/j.1747-0803.2010.00435.x
https://doi.org/10.1136/heart.86.4.444
https://doi.org/10.1136/hrt.2003.025122
https://doi.org/10.1017/S1047951105000570
https://doi.org/10.1097/00001573-200403000-00003
https://doi.org/10.1007/s00270-012-0387-z
https://doi.org/10.1002/ccd.20555
https://doi.org/10.1002/ccd.24707
https://doi.org/10.1002/ccd.22370

	Current Advances in Transcatheter Intervention for Children Born with Congenital Heart Defects: A Review of Literature
	Abstract
	Keywords
	1. Introduction
	2. Methodology
	3. Literature Review
	3.1. Cardiac Imaging
	3.2. Duct Occlusion
	3.3. Hybrid Procedures
	3.4. Trans-Catheter Valve Implantation

	4. Discussion
	5. Conclusion
	Conflicts of Interest
	References

