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Introduction

Catheter-based cardiac intervention has become an alternative 
method for treating congenital heart disease (CHD) and routinely 
produces good outcomes. However, the relatively small patient 

population and wide variety of specific lesions make it more difficult 
to invest in this field than in that of adults with acquired heart disease. 
The off-label use of medications and medical devices is common in the 
context of pediatric disease.1)2) The increased prevalence of catheter 
intervention in CHD has increased the off-label use of approved 
devices (i.e., the use of the devices in ways other than their intended 
applications). Although it is possible to amend device labeling to 
add other approved uses, this process is often expensive and time-
consuming. To our knowledge, there have been few investigations 
regarding the off-label use of implantable medical devices for treating 
CHD.2)3) The most commonly used implantable medical devices in 
CHD are stents and occlusion devices, such as the Amplatzer duct 
occluder (ADO), coils, and the Amplatzer vascular plug (AVP). The off-
label use of implantable devices could be crucial because choosing 
on-label devices is empirically difficult due to various lesions in CHD. 
Therefore, we investigated the present conditions and outcomes of 
the off-label use of implantable transcatheter devices to treat CHD. 
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Subjects and Methods 

We reviewed all medical records of transcatheter interventions for CHD 
performed at Samsung Medical Center over a period of approximately 20 
years from July 1, 1995 to June 1, 2015. Each transcatheter intervention 
for CHD was carried out by one of three pediatric interventionists at 
our institute. The implanted devices were classified as either occlusion 
devices or stents. 

We defined off-label use as the use of an approved medical device 
for an intervention other than any of the indications mentioned in the 
user manual.4) We did not consider patient age as a factor of on-label 
use because most of the device manuals did not mention age-specific 
uses in pediatric patients. However, we regarded balloon-expandable 
stent implantation in the great vessels as on-label use. While balloon-
expandable stent implantation has not yet been approved for treating 
pulmonary artery stenosis or coarctation of the aorta, it is traditionally 
regarded by interventionists as an effective and safe procedure for stenotic 
lesions in the great vessels. Nevertheless, the use of self-expandable 
stents for treating CHD and balloon-expandable stents outside of the 
great vessels is still defined as an off-label application. Patent foramen 
ovale (PFO) closure with an Amplatzer PFO device was classified as on-
label use even though the Food and Drug Administration withdrew its 
approval for this procedure in the United States (US). The on-label uses for 
each device included in our study are presented in Table 1. 

Our review included patient demographic data, procedural success, 
and follow-up status regarding late complications. Procedural 
failure was defined as re-intervention or operation during or after a 
procedure, and late complications included mechanical failures with 
or without hemodynamic derangement that required intervention. 
We investigated the proportion of both the off-label use and the 
failure rates for each intervention and also for each device. The 
use of different types of devices for different lesions in one patient 

was considered a multiple-device implantation, but multiple coils 
implanted for the same lesion were considered one coil. The data were 
analyzed using standard descriptive statistics, and Fisher’s exact test 
was used to compare the success rates of the various procedures. 

This study was approved by the Samsung Medical Hospital 
Institutional Review Board. 

Results 

During the study period, 2306 transcatheter cardiac interventions 
for CHD and 1730 interventions with device implantation were 
performed. Off-label medical device use occurred in 8.3% (144/1730) 
of the interventions (Fig. 1). Of these patients, 50% (72) were male. 
The median patient age was 51.0 (0.5-1032.0) months (Fig. 2), and 
the median body weight was 16.3 (2.7-80.0) kg. Immediate and 
late failures from off-label use were identified in 9 cases (6.3%); 7 
operations and 2 re-interventions were performed in these patients. 
There were 10 minor and transient complications, such as arrhythmia, 
thrombus formation, and embolization, related to the procedures. 
Three cases of mortality not directly related to the device were also 
detected. 

Occlusion devices 
Total patent ductus arteriosus (PDA) occlusion was performed 

in 714 cases, and off-label use accounted for 5.46% (39) of these 
procedures. There was no off-label device use for atrial septal 
defect closure. However, every case in which a device was used for 
Blalock-Taussig (B-T) shunt occlusion (9), banding site occlusion (2), 
or fenestration occlusion at the Fontan pathway (47) was off-label 
by definition. There were 3 muscular ventricular septal defect (VSD) 
closures, 6 membranous VSD closures, and 2 Gerbode shunts. All 
of the VSD closures performed during the investigative period were 

Table 1. On-label use for each device as indicated by the FDA-approved device labeling

Device On-label 

Amplatzer Vascular Plug Arterial and venous embolizations in the peripheral vasculature

Amplatzer Duct Occluder PDA occlusion only

Amplatzer Septal Occluder ASD closure only

CardioSEAL ASD closure only

StarFlex ASD closure only

Coil Detachable/Nit-Occlude (PDA occlusion only), embolization (endovascular)

Coronary stent Coronary artery only

Peripheral stent Peripheral arteries below the aortic arch/biliary tree for palliation

Balloon-expandable Peripheral arteries/iliac artery

Self-expandable Superficial femoral or proximal popliteal arteries

FDA: Food and Drug Administration, PDA: patent ductus arteriosus, ASD: atrial septal defect
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considered cases of off-label device use because the muscular VSD 
device was not used and the membranous VSD device was not 
available. Off-label device use for PFO closure accounted for 22.6% 
(12/53) of those cases. Of the 184 various unclassified occlusions 
found, 7 off-label uses were identified (Table 2). 

AVPs and embolization coils were used for PDA closure in 24 
(61.5%) and 15 (38.5%) cases, respectively. The ADO (10, 83.3%), 
the AVP (1, 8.3%), and the Amplatzer septal occluder (ASO) (1, 8.3%) 
were employed off-label for VSD closure; 7 ASOs, 4 CardioSEALs, 
and 1 StarFlex occluder were used off-label for PFO closure. In this 
study, AVPs (2), ADOs (2), and coils (3) were selected for the off-
label treatment of various unclassified lesions, i.e., left ventricular 
pseudoaneurysm occlusion, coronary fistula occlusion, major 
aortopulmonary collateral artery embolization, occlusion of a fistula 
between the aorta and the right atrium, and vertical vein occlusion. 

The overall success rate of the off-label use was 93.8%. The clinical 
success rates of the off-label use of occlusion devices were 100%, 
except for PDA occlusion (94.9%) and VSD closure (66.7%) (Table 3). VSD 
closure had a significantly lower success rate than that of PDA occlusion 
(p=0.022) (Table 4). There were 4 procedural failures in VSD closure due 
to a procedural difficulty (1), a residual lesion (1), an atrioventricular 
AV block during the procedure (1), and device embolization (1). Two 
procedural failures were found for PDA occlusion due to device 
embolization and device malposition, respectively (Table 5). There 
were no long-term complications following the off-label use of 
these occlusion devices. 

Stents 
The off-label use of stents for PDA and at other sites was 100% 

and 36%, respectively (Table 2). While stents used at sites other than 

PDA showed lower success rates than those used for PDA occlusion, 
the difference was not significant (p=0.078) (Table 3, 4). Three coronary 
stents and 13 peripheral stents (consisting of 9 balloon-expandable 
stents and 4 self-expandable stents) were used. There were no 
procedural failures from stent implantation, but one  case of stent 
malposition and two cases of stent fracture were detected after the 
procedure. All three cases of stent complications were associated 
with the off-label use of balloon-expandable stents for treating 
right ventricular outflow tract (RVOT) stenosis (Table 5). All of these 
patients underwent surgical removal of the broken stent and RVOT 
reconstruction. In contrast, the off-label use of self-expandable 
stents for treating coarctation of the aorta (1), peripheral pulmonary 
artery stenosis (2), or RVOT stenosis (1) resulted in good outcomes. 

Discussion 

This study found that 8.3% of implantable medical device 
interventions for CHD were off-label and had acceptable clinical 
outcomes. Sutherell et al.2) reported that the frequency of off-label 
medical device use in pediatric cardiology in the US was 63%. The 
primary difference identified in our investigation was that our study 
was limited to implantable devices and excluded stent implantations 
in the pulmonary artery and PFO closures performed with the 
Amplatzer PFO device. Another study reported that 3.9% of cases 
using the Amplatzer device involved off-label indications.3) Therefore, 
different inclusion criteria prevent a precise comparison of our 
results with those of other studies. However, it is within reason to 
presume that the off-label use of medical devices for treating CHD 
is not unusual.5) The wide variety of CHD and the various potential 

Total cardiac intervention
2306 cases

Device implantation in CHD
1730 cases 

576 cases 

On-label use
1589 cases (91.7%)

Off-label use
144 cases (8.3%)

20

18

16

14

12

10

8

6

4

2

0
0 1 2 3 4 5 6 7 8 9 10 11-15 16-20 21-25 26-30 31-35 36-40 41-45 46-50 51-55 56-60 >60

Nu
m

be
r o

f c
as

es

Age at intervention 

(year)

Fig. 1. The proportion of off-label medical implant uses in patients with 
congenital heart disease.

Fig. 2. The distribution of patient age at the time of transcatheter 
intervention with medical devices used off-label.



512 Off-Lable Use of Devies in CHD

https://doi.org/10.4070/kcj.2016.0311 www.e-kcj.org

complications require interventionists to design solutions with a 
high degree of flexibility. In this context, we regard the off-label use 
of medical devices for treating CHD as “creative implementations, 
adaptations and modifications,” as stated by McElhinney.6) Expanding 
the indications of each device is a time-consuming and expensive 
process due to the rare conditions for which they can be used and 
is therefore nearly impossible. Although the off-label use of a device 
is not typically covered by Korean health insurance, the results of 
insurance inspection were not uniform in our cases. Nevertheless, it 
is important to evaluate the safety and efficacy of each off-label use 
of medical devices and highly recommended to upgrade post-market 

medical device surveillance systems to oversee and evaluate devices 
with the potential for broader market applications.5)6) 

Most PDA occlusions were performed with the on-label use of the 
ADO. This study found that PDA occlusion was carried out with the 
off-label use of the AVP and coils. Gianturco coils were frequently and 
safely used before the era of the ADO.7) The use of multiple coils for 
PDA occlusion was included as an off-label use, and the safety and 
success of this application have been previously demonstrated.8) In 
addition, successful cases of PDA closure within the AVP have been 
reported.9-12) Therefore, along with our excellent results, these findings 
indicate that PDA closure with various off-label devices might not be 

Table 2. The proportion of off-label uses in transcatheter interventions for congenital heart disease with device implantation

Intervention Cases Off-label Off-label device

Occlusion

PDA occlusion 714 39 (5.5) AVP 24, coil 15

ASD closure 672 0 (0) -

PFO closure 53 12 (22.6) ASO 7, CardioSEAL 4, StarFlex 1

Fenestration closure of the Fontan pathway 47 47 (100) AVP 30, Coil 15, ADO 2

VSD closure 12 12 (100) ADO 10, ASO 1, AVP 1

BT shunt occlusion 9 9 (100) Coil 5, AVP 4

Banding site occlusion 2 2 (100) AVP 2

Other 184 7 (3.8) Coil 3, ADO 2, AVP 2

Stent implantation

Stenting except PDA 33 12 (36.4) Balloon- 7, Self- 5

PDA stenting 4 4 (100) Coronary 3, Peripheral 1

Total 1730 144 (8.3)

Values are presented as number (%). PDA: patent ductus arteriosus, VSD: ventricular septal defect, ASD: atrial septal defect, PFO: patent foramen ovale, 
B-T: blalock-taussig, AVP: amplatzer vascular plug, ASO: amplatzer septal occluder, ADO: amplatzer ductal occluder

Table 3. Clinical success rates of the off-label use for each procedure and a comparison of each procedure 

Procedure Cases Success

Occlusion

Fenestration closure of the Fontan pathway 47 47 (100)

PDA occlusion 39 37 (94.9)

PFO closure 12 12 (100)

VSD closure 12 8 (66.7)

BT shunt occlusion 9 9 (100)

Banding site occlusion 2 2 (100)

Other 7 7 (100)

Stenting

Stenting except for PDA 12 9 (75)

PDA stenting 4 4 (100)

Total 144 135 (93.8)

Values are presented as number (%). A comparison between the overall success rate and the success rate of each procedure according to Fisher’s test. 
PDA: patent ductus arteriosus, VSD: ventricular septal defect, ASD: atrial septal defect, PFO: patent foramen ovale, B-T: blalock-taussig
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considered unusual.
Most VSD closures were performed with the off-label use of 

the ADO. Good immediate results of membranous VSD closure 
and muscular VSD closure with the ADO have been previously 
reported.13)14) While the success rate of VSD closure with the off-
label use of this device was significantly lower than the others, 
we should consider that the study period included the early 
period of VSD closure implementation in our country. In the past, 
membranous VSD closure was not a popular procedure in our 
country, and it was very rare for muscular VSDs to be closed using 
a device. The reasons for failure were not serious, and all VSDs in 
these cases were closed completely by surgery or re-intervention. 
The off-label use of the ADO for VSD was demonstrated to be safe 

and effective over the long-term in our study. For some patients 
with large PFOs, the off-label use of the Amplatzer septal occluder 
was applied with great success.15) Because off-label use regulations 
might vary in different countries, we regarded the use of the 
Amplatzer PFO device for PFO closure as an on-label application. 
Other PFO closure devices were not available in South Korea during 
the study period. Very rare conditions, such as left ventricular 
pseudoaneurysm and coronary fistula, were previously reported to 
have been closed successfully with the ADO or AVP.3) In our study, 
no off-label occlusion devices produced problems after successful 
implantation. However, the technical or mechanical aspects of 
occlusion devices used off-label should be evaluated cautiously.

Although the first stents were placed within various lesions, 

Table 4. Clinical success rates of the off-label use of each device 

Device Total Success

Occluder

Amplatzer vascular plug (I: II: IV) 67 66 (98.5)

Coil 34 33 (97.1)

Amplatzer ductal occluder (I: II) 14 10 (71.4)

Amplatzer septal occluder 8 8 (100)

CardioSEAL 4 4 (100)

StarFlex 1 1 (100)

Stent

Peripheral stent 13 10 (76.9)

Balloon-expandable 9 6 (66.7)

Self-expandable 4 4 (100)

Coronary stent 3 3 (100)

Total 144 135 (93.8)

Values are presented as number (%).

Table 5. Procedural failures either during or after a procedure

Cause of failure Underlying disease Procedure

Occlusion 
(n=6), 4.7%

Device embolization, 2 (22.2) Embolization to PA (D1) PM VSD VSD closure with ADO I

Embolization to RPA PDA PDA occlusion with triple coils

Residual lesion, 1 (11.1) Residual VSD flow PM VSD (3 holes) VSD closure with ADO-I 8-6 mm

Arrhythmia, 1 (11.1) Transient AV block (D0) PM VSD VSD closure with ADO-I 8-6 mm

Procedural difficulty, 1 (11.1) G.C. passing (-) Muscular VSD VSD closure with ADO I

Device malposition, 1 (11.1) Narrowing of D-Ao PDA PDA occlusion with AVP-II 6 mm

Stent implant 
(n=3), 18.8%

Device deformation, 2 (22.2) Stent fracture PA/VSD: s/p RVOT recon RVOT stenting with peripheral stent

PA/VSD: s/p Rastelli op. RVOT stenting with peripheral stent

Device malposition, 1 (11.11) Infundibular PS PA/IVS: s/p BVP at PV RVOT stenting with peripheral stent

Values are presented as number (%). PA: pulmonary artery, D: day, PM: perimembranous, VSD: ventricular septal defect, ADO: amplatzer duct occluder, RPA: 
right pulmonary artery, PDA: patent ductus arteriosus, AV: atrioventricular, D-Ao: descending aorta, AVP: amplatzer vascular plug, PA/VSD: pulmonary atresia 
with ventricular septal defect, PS: pulmonary stenosis, PA/IVS: pulmonary atresia and intact ventricular septum, BVP: balloon valvuloplasty, PV: pulmonary valve, 
RVOT: right ventricular outflow tract
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including peripheral pulmonary arteries, in children with CHD 
in 1991,16) almost all stents including PDA are used off-label in 
CHD.17)18) However, we acknowledge stent use at the peripheral 
pulmonary artery as traditionally on-label because we sought 
common reasons for using devices off-label in CHD. Due to the 
limited amount of material available in our country, the off-
label uses of typically approved stents in unusual areas were 
reviewed. While good results were obtained in our patients after 
PDA stenting, significantly lower success rates resulted from 
RVOT stenting. All but one of these failures was associated with 
stent fracture and the use of balloon-expandable stents. The 
stent fractures were easily observed for the RVOT, and the rate of 
fracture has been reported to range from 25-40%.19-21) However, 
there were no late complications from self-expandable stents, 
even in the RVOT. Despite our very limited experience treating 
congenital heart disease with self-expandable stents, we again 
emphasize the superiority of the off-label use of self-expandable 
stents compared with balloon-expandable stents in the RVOT.

This study had various limitations. It was a retrospective study 
conducted by a single institution, and it therefore cannot represent 
the current status of all patients in our country. The indications 
of the off-label use of implantable medical devices were not 
generally recognized but instead were determined largely based 
on operator’spreference. Therefore, their frequency could differ 
widely across studies. Nevertheless, these findings demonstrate 
that there is a great need to amend the clinical indications of 
implantable medical devices for treating CHD. We believe that this 
study provides significant information to facilitate the expansion 
of clinical applications for the off-label use of medical devices.

In conclusion, the off-label use of implantable devices for 
treating CHD was found to be safe and effective in specific 
situations. The off-label use of balloon-expandable stents in 
RVOT should be performed more cautiously than that of other 
implantable devices.
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