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Recent advances in transcatheter treatment of
congenital heart disease

Jae Young Choi, M.D.

Division of Pediatric Cardiology, Department of Pediatrics,
Severance Cardiovascular Center, Yonsei University College of Medicine, Seoul, Korea

Over the last several decades there has been a remarkable change in the therapeutic strategy of
congenital heart disease. Development of new tools and devices, accumulations of experience, tech-
nical refinement have positively affected the outcome of interventional treatment. Many procedures
including atrial septostomy, balloon valvuloplasty, balloon dilation of stenotic vessel with or without
stent implantation, transcatheter occlusion of abnormal vascular structure, transcatheter closure of
patent arterial duct and atrial septal defect, are now performed as routine interventional procedures
in many institutes. In diverse conditions, transcatheter techniques also provide complementary and
additive role in combination with surgery. Intraoperative stent implantation on stenotic vessels,
perventricular device insertion, and hybrid stage 1 palliative procedure for hypoplastic left heart syn-
drome have been employed in high risk patients for cardiac surgery with encouraging results.
Transcatheter closure of ventricular septal defect has been performed safely showing comparable
result with surgery. Investigational procedures such as percutaneous valve insertion and valve repair
are expected to replace the role of surgery in certain group of patients in the near future. Con-
tinuous evolvement in this field will contribute to reduce the risk and suffering from congenital heart
disease, while surgery will be still remained as a gold standard for significant portion of congenital
heart disease. (Korean ] Pediatr 2006;49:917-929)

Key Words : Congenital heart defect, Catheterization, Balloon dilatation, Therapeutic embolization,
Stent, Protheses and implants
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Table 1. Transcatheter Procedures for Congenital Heart Disease

Established procedures
Atrial septostomy
Balloon, Blade, Balloon dilation with/without stent
Balloon valvuloplasty
Pulmonary valve, Aortic valve, Atretic pulmonary
valve after perforation
Balloon angioplasty
Pulmonary artery, Coarctation of the aorta,
Systemic artery,
Conduit, Stenotic vein, Baffle
Occlusion of patent ductus arteriosus
Occlusion of congenital or acquired vascular anomaly
Pulmonary arteriovenous fistula,
Coronary arteriovenous fistula,
Major aortopulmonary collateral artery,
Systemic arteriovenous fistula,
Acquired aortopulmonary collateral artery,
Surgically created shunt
Occlusion of atrial septal defect
Removal of foreign body or embolized material
Investigational procedures”
Occlusion of ventricular septal defect
Transcatheter valve implantation
Pulmonary valve, aortic valve
Transcatheter mitral valvuloplasty and annuloplasty
Hybrid procedures
Perventricular closure of ventricular septal defect
Hybrid stage I palliation for hypoplastic
left heart syndrome
Hybrid mitral valve implantation(experimental)
Hybrid stent implatation
Fontan completion after modified hemi-Fontan operation
Occlusion of patent foramen ovale in patients with
stroke/migrane

‘many of these procedures are believed to be safe and effica-
cious, but need more evidences for general agreement. Classi-
fication into both categories is not invariable for each listed
procedure.
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Fig. 1. Devices for percutaneous closure of patent ductus arteriosus. (A) COOK de-
tachable coil(COOK, Bloomington, IN, USA) is made from stainless steel and contains
Dacron wool fiber to facilitate thrombotic occlusion. (B) PFM Nit-occlud device(PFM AG,
Cologne, Germany) is composed of nitinol shape-memory alloy with strong spring-back
force(little accordion effect) with reinforced strength on aortic side loops. (C) Amplatzer
duct occluder(AGA medical corporation, Golden Valley, MN, USA) is a bottle-cap shaped
nitinol wire meshwork filled with polyester fabric.
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Fig. 2. Comparison between Palmaz stent(Cordis, Johnson and

Johnson, Miami, FL, USA) and Jostent(Abbott vascular instru-
ments, Rangendingen, Germany). Round tips of Jostent prevent

rupture of balloon during inflation and specially designed
strut-structure enhances flexibility for easier delivery.
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Fig. 3. Pulmonary angiograms of a child(6 years and 6 months old

body weight) before (A) and after (B) percutaneous embolization of pulmonary

arteriovenous malformation(PAVM). Three feeding arteries were embolized with 2

(C) fluoro-

scopic still image showing embolized devices and coil. (D, E) Magnified features

Amplatzer vascular plugs(AVP) and 1 Gianturco embolization coil.
of AVP and Gianturco embolization coil.
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Fig. 4. Serial echocardiographic finding of a child(25 months old, 13 kg of body weight) who underwent transcatheter
closure of atrial septal defect with absent posterior rim. (A) Apical 4 chamber view of transthoracic echocardiography
before transcatheter closure of the defect. (B) One day after closure with a 20mm Amplatzer septal occluder. (C)

Follow-up echocardiogram at 18 months after the procedure.
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Norwood 4% hybrid approach® Al3&k= Wio] 7HetE 9l

]

o™ P Aol F kA WS WEslel 12 14 % (stage
I hybrid palliation)& hybrid procedure® F%3lal 22 4%
Al AR WReRm gugu-dHee E3Es Ads H
(modified, combined Norwood stage I and II repair) WFA=}
GAE F& Qlo] SAEwoR SAsE A8 TR AAEH
A (Fig. 6). 194 %< hybrid procedure® Al&3H= 2
2 3ol = AAotolA {83 WHoAINE 2vA &
(combined Norwood stage I and II repair)©] 2ZHoz+=
Norwood 12+ & % 22t €& 37 Aldsta 4% A9
nopRel ~”HE AT & dFHok St dds] BRI &
o] "Hrhs #A7F o ofg® 19 hybrid 7% & A%

wg e W o e FE 2 (retrograde coarc-
tation)o] #A7F B 4 Ao e A=A wuk Abglee]

|y e

o WE Huw
| X

2

hybrid procedure® 4}t
ool om g Aol A% hybrid

=
QJ3he= ol
procedurett A3 A< WHo g FrAS ARl & & AE Tt
[e)

4 =

covered | julMl
stent

radio-
opague
marker -

Fig. 6. Hybrid staged palliation for hypoplastic left heart syndrome. (A) Stage I palliation
consist of stenting the ductus(PDA stent), bandings on right and left pulmonary arteries(PAB)
and atrial septal stent insertion(ASD stent), if needed. (B) Comprehensive stage II operation
includes all surgical elements of conventional stage I, II, and III Norwood operations. Removal
of stent(s) and bands from hybrid stage I palliation, atrial septectomy and reconstruction of
banded pulmonary artery branches, reconstruction of aortic arch and reimplantation of diminutive
aorta to pulmonary artery, and hemi-Fontan procedure(bidirectional cavopulmonary shunt) with

modification to facilitate transcatheter Fontan completion. In the modification,

radio-opaque

markers are placed on each venous end of right atrium and a blind pouch is formed between

pulmonary artery and right atrium.

(C) Transcatheter Fontan procedure is completed by

implantation of covered stent through the veno-venous rail of guide wire between superior and
inferior caval veins after puncture of blind pouch. Abbreviations : PDA, patent ductus arteriosus;
PAB, pulmonary artery banding; ASD, atrial septal defect. (Adapted and modified from ref 96.)
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