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Off-label use of medical devices in 
pediatric interventional cardiology: 
prerogative or necessity? 

  Special RepoRt 

The history of medicine is characterized by innovation, through the application of the latest in biomedical 
science and technology to the bedside. In many ways, using approved medical devices for off-label 
indications exemplifies this spirit of innovation. Yet there are clear drawbacks to this practice, which include 
the safety to the patients themselves, the entrepreneurial nature of industry and educational support for 
clinicians. The issue of off-label use of devices is especially prescient among pediatric cardiac populations 
in which the majority of patients who undergo interventional catheterization procedures are treated with 
a device for an indication outside of its labeled uses. The scope of this practice has recently been documented 
and defined, helping to bring attention to the need for pediatric-specific devices. There remains a critical 
need to enhance cardiac device review and approval processes to include pediatric applications.
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It is early morning in a busy pediatric intensive 
care unit when word comes that an undiagnosed 
cyanotic neonate is being transferred to the unit. 
Prostaglandin E1 infusion was started prior to 
arrival due to the cyanosis but, as of yet, the 
diagnosis remains uncertain. On arrival, a quick 
echocardiogram reveals the diagnosis of pulmo-
nary atresia with an intact ventricular septum, 
and arrangements are made for transfer to the 
cardiac catheterization laboratory. During the 
catheterization procedure, the interventional car-
diologist perforates the atretic pulmonary valve 
plate using a radiofrequency perforation wire 
followed by balloon pulmonary valvuloplasty, 
establishing antegrade pulmonary blood flow. 
Prostaglandin E1 infusion is discontinued in an 
attempt to establish if there will be ‘enough’ ante-
grade pulmonary blood flow to support adequate 
oxygenation without the aid of the patent duc-
tus arteriosus; however, over the ensuing days, 
progressive cyanosis recurs and the prostaglan-
din E1 infusion is resumed. The child is taken 
back to the cardiac catheterization laboratory, 
where a stent is placed into the ductus arteriosus 
to maintain patency, and the prostaglandin E1 
infusion is again stopped. The child is eventually 
discharged home, with stable pulmonary blood 
flow achieved antegradely through the perforated 
atretic pulmonary valve plate, in addition to flow 
through the patent ductus arteriosus, which is 
held open with an endovascular stent.

Although the diagnosis of pulmonary atresia 
with an intact ventricular septum is a rare diag-
nosis within pediatric cardiology, the previously 

described scenario is all too common: approved 
medical devices utilized for indications in 
pediatrics for which they were not studied and 
approved. The child described had two interven-
tions performed: radiofrequency perforation of 
an atretic pulmonary valve plate, which used a 
device that was studied and approved for per-
foration of the atrial septum and creation of 
an atrial septal defect; and stenting of the duc-
tus arteriosus, which utilized a stent that was 
engineered and approved for use in adults with 
coronary artery disease. 

Children are not simply small adults. Those 
who work in the field of pediatrics live by this 
mantra. Cardiovascular physiology in the child 
is a dynamic process, beginning with the transi-
tion from fetal to postnatal life, and eventually 
progressing from adolescent to mature adult 
cardiac physiology. Along this continuum are 
profound changes in physiologic variables such 
as heart rate, blood pressure, and pulmonary 
and systemic vascular resistance, in addition to 
the absolute size of the organ and vasculature. 
However, many of the ‘cutting edge’ therapies 
are simply translated from adult research and 
adult studies for use in pediatric medicine. This 
extrapolation from adult data is inevitable to an 
extent; the ethics and availability of conducting 
adequately powered randomized trials in chil-
dren is fraught with challenge. The end result is 
many medications and medical devices, which 
have been studied and approved for specific uses 
in adult patients, are applied to the clinical sce-
narios encountered by pediatric practitioners. 
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While this ‘off-label use’, in which an approved 
medication or medical device is used for an indi-
cation outside of its labeled indication, is not 
unique to pediatric practice, it is simply a way 
of life in pediatric medicine. This is certainly 
within the realm of what the US FDA defines 
as good medical practice: ‘the interests of the 
patient require that the physicians use legally 
available drugs, biologics and devices accord-
ing to their best knowledge and judgment’ 
[1,2]. Regardless of the device’s labeled indica-
tion, physicians have the prerogative to legally 
use a device to treat any condition deemed to 
be medically appropriate [3,4]. But is this ideal? 
Should pediatric practitioners be forced to adapt 
therapeutics studied and approved in adults for 
use in very different patients? This discussion 
will address the topic of off-label use in pediat-
rics, focusing on interventional cardiac devices 
and define the drawbacks to this practice. In 
addition, the strides the FDA and governing 
bodies have taken to remedy the situation will 
be discussed.

scope of off-label use
There is extensive literature discussing and 
defining the off-label use of medications in 
pediatric patients [5–10]. The majority of medi-
cations used in pediatrics are prescribed off-
label – approximately 75% of all FDA-approved 
medications licensed since the early 1970s have 
limited or no labeling in children [11,12]. In the 
pediatric intensive care unit, 67% of medica-
tions administered had limited or no FDA 
approval for use in that setting [13]. Focusing on 
cardiac medications, 78% of children hospital-
ized with congenital and acquired heart disease 
received at least one medication that was used 
for an off-label indication [14]. By no means is 
this situation unique to pediatrics: 21% of all 
medications prescribed in an ambulatory inter-
nal medicine setting were done so for off-label 
indications [15]. At least one approved drug is 
prescribed off-label for the majority of adult 
cancer and AIDS patients [16]. Although a com-
mon practice in adult medicine, off-label use 
of medications occurs much more frequently 
in pediatrics. 

In comparison to the well-described off-label 
use of medications in pediatrics, relatively lit-
tle literature exists detailing the frequency and 
nature of off-label device use within interven-
tional pediatric cardiology. Sutherell, Hirsch, 
and Beekman documented the prevalence of 
off-label cardiac device use over a recent 3-year 
span (1 July 2005–30 June 2008) [17]. An 

approved device was utilized for an off-label 
indication in 63% of their 473 patients, and 
among a total of 595 transcatheter interventions 
performed during the study period, 50% of 
interventions used a device for an off-label indi-
cation. The data were further stratified into six 
device categories: dilation balloons, occlusion 
devices, embolization coils, stents, septostomy 
catheters and ‘other’ devices. ‘Other’ devices 
were those that were very rarely used during the 
study period, such as inferior vena cava filters 
and rotational coronary atherectomy catheters. 
Within these device types, virtually all stent 
procedures (99%) were performed for off-label 
indications, and the majority of dilation bal-
loons (78%) were also utilized for off-label 
indications. Contrast this to the other device 
types, in which septostomy balloons, occlusion 
devices and embolization coils were generally 
used for on-label indications (100, 92 and 71% 
respectively), this confirmed what was expected: 
off-label use of approved medical devices is a 
common practice within interventional pedi-
atric cardiology, and the data shed light onto 
specific areas within the field where off-label 
use is most common.

It should be noted that there is a funda-
mental difference between the labeling of 
medications in pediatrics versus the labeling 
of cardiac devices in this patient population. 
Approved indications for medical devices in the 
USA specify procedures, not patient ages; the 
majority of device labels do not mention use in 
children at all. This is in contrast to the label-
ing of medications in the pediatric population, 
in which labels almost always specify ages for 
approved use.

drawbacks to off-label use of 
medical devices
While the practice of off-label use of medical 
devices within the field of pediatric interven-
tional cardiology is common practice, it should 
be cautioned that the regular use of these devices 
for off-label indications has clear drawbacks. 
Consideration must be made for device safety 
and performance, entrepreneurial development, 
and educational or training issues.

 n Safety & performance
The FDA licenses an ‘indication for use’ label 
for each medical device, and is responsible for 
overseeing the initial use and sale of all medi-
cal devices. Once a device has a specific labeled 
indication, the FDA generally is relegated to a 
limited role in overseeing the device’s ongoing 



www.futuremedicine.com 551future science group

Off-label use of medical devices in pediatric interventional cardiology  Special RepoRt 

use [18]. However, device malfunctions and sig-
nificant adverse events require FDA notification 
based on the Safe Medical Devices Act [19]. In 
specific circumstances, the FDA may require 
further study of a device following marketing 
approval. These ‘postmarket’ studies can provide 
additional data regarding device safety and effec-
tiveness for the labeled indication. Postmarket 
studies are only carried out for approved device 
indications; when a device is used off-label, the 
device will not be subject to the FDA’s scrutiny 
to ensure safety and efficacy. 

Devices go through a rigorous investigational 
process in order to ensure safety and efficacy 
prior to approval. The FDA classifies medical 
devices on the basis of their degree of risk to 
the patient. Class I devices pose very little risk 
to patients, and often do not require prospec-
tive FDA ana lysis prior to marketing. Examples 
of class I devices are surgical instruments such 
as retractors. Class II devices are defined as 
posing moderate risk to patients, and prior to 
marketing the product the manufacturer is 
often required to submit a marketing applica-
tion, or a 510(k), to the FDA. The intention of 
the 510(k) is to demonstrate noninferiority of 
the new device to a similar established device 
in terms of safety and efficacy. Examples of 
class II devices include guide wires and infu-
sion catheters. Finally, class III devices are con-
sidered by the FDA to pose the highest risk to 
patients, and often require a premarket approval  
application that includes scientific and clinical 
data prior to marketing the device. Examples of 
class III devices are septal occluder devices and 
endovascular stents. 

There are exceptions to the normal rigor 
imposed by the FDA in its approval processes. 
For devices that have not yet been cleared for 
marketing by the FDA, an investigational device 
exemption protocol can be created in which spe-
cific terms are defined under which that device 
can be legally used. For rare diseases, defined 
as less than 4000 patients in the USA per year, 
a class III device can be marketed through a 
humanitarian device exemption. 

In spite of the FDA’s licensed indications, 
the use of an approved medical device for an 
off-label indication falls within the bounds of 
what is deemed acceptable standard of care 
in the USA. Table 1 lists common devices and 
their labeled indications, along with applica-
tions for which they are commonly utilized in 
an off-label fashion. However, medical devices 
may not have the same excellent performance 
characteristics and safety profiles when they are 

used for an indication in which they were not 
designed or tested. There are multiple reports 
of devices performing suboptimally when used 
off-label; two examples are stents and emboliza-
tion coils, both of which are commonly used for 
off-label indications. 

Stents are routinely used in interventional 
pediatric cardiology to open stenotic branch 
pulmonary arteries and stenotic conduits. The 
stents typically used are approved for treating 
malignant neoplasms of the biliary tree, a diag-
nosis with disparate pathophysiology from that 
with which pediatric cardiologists employ them. 
When used in great vessels, stents may result in 
vascular injury, be a nidus for thrombus forma-
tion, or may circumferentially fracture, which 
can result in stent embolization or reocclusion 
of the stenotic vessel [20,21]. 

A second example is provided by stainless 
steel coils that are approved for arterial and 
venous embolization, and for embolization of 
arteriovenous fistulae. Yet they are commonly 
used off-label to occlude a small patent ductus 
arteriosus, an application for which the coils 
were neither developed nor tested and whose 
pathophysiology is disparate. There are multiple 
reports within the literature of coils embolizing 
to systemic and pulmonary arteries, intravascu-
lar hemolysis and residual shunts occurring in a 
substantial number of patients [22–24]. Clinical 
studies have demonstrated that using devices 
specifically designed for closing the patent duc-
tus have a significantly better performance pro-
file than coils [25]. In spite of these data, the small 
patent ductus arteriosus is still commonly closed 
by stainless steel coils due to lack of appropri-
ately sized approved devices to achieve closure. 
A device used for the indication in which it was 
approved has a better performance characteristic 
than a device used for an indication outside of 
which it was studied.

 n Development
In contrast to diseases in adults, pediatric dis-
ease processes are more commonly acute than 
chronic, and when chronic conditions do occur 
in pediatric patients, they are often rare [26]. For 
example, the population of children with con-
genital heart disease is much smaller than the 
population of adults with acquired heart disease. 
In addition to being relatively uncommon, the 
congenital cardiac defects that afflict children 
are themselves diverse. As a consequence, in 
comparison to adults, there is a relatively small 
patient population available for enrollment into 
appropriately powered randomized clinical trials 
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to assess device safety and efficacy for cardiac 
disease in children. The end result is a paucity 
of data available for FDA review when consid-
ering approval of devices for specific pediatric 
cardiovascular applications [27]. 

Another consequence of a small population 
size is a limited return on investment for entre-
preneurial development from industry. In short, 
if there is limited market potential, then there 
will be limited research into the development of 
novel cardiac devices for children. Congenital 
heart disease is a prime example of a relatively 
uncommon group of disorders for which tar-
geted, disease-specific therapies have been only 
infrequently developed.

This is not to say that there have not been 
devices developed specifically for pediatric 
patients with congenital heart disease. Although 
limited in number, there are examples of car-
diac devices designed, tested and approved in 
the USA specifically for treatment of congenital 
heart defects in pediatric patients. Table 2 lists 
devices that are commonly utilized in pediat-
ric populations for their labeled indications. 
These include occlusion devices for closure of 
the secundum atrial septal defect, muscular ven-
tricular septal defect and patent ductus arterio-
sus. More recently, a transcatheter pulmonary 
valve was approved by the FDA for use in pedi-
atrics in 2010 [101]. Despite these advances, there 
remains a substantial unmet need in the review 
and approval of device-specific indications for 
pediatric conditions. With regards to device 
categories, this unmet need is greatest for stents 
and dilation balloons.

 n Education & training
With the use of new innovative devices, educa-
tional strategies have been developed to provide 
training for practitioners utilizing the new tech-
nology. As part of the training program for the 
Cordis stent which was approved by the FDA 

in 2004 for the treatment of carotid artery 
disease, a simulation component was designed 
to augment device education for the utilizing 
physician. Concomitantly, the FDA approved 
the substitution of simulated cases for proc-
tored cases in training protocols for the Cordis 
stent [28]. When rolling out its new product, 
Filterware™, Boston Scientific Corporation 
utilized medical simulation in the training pro-
gram for over 500 physicians. Within pediatric 
interventional cardiology, AGA Corporation, 
the makers of Amplatzer® occlusion devices, 
designed simulator-based case training to be 
used as a substitution for proctored cases. For 
the physician learning the procedure, every step 
can be practiced, from inserting the delivery sys-
tem to deploying the device to verifying device 
positioning. This allows for not only practicing 
and gaining comfort with the proper techniques 
for device usage, but also for dealing with errors 
in device deployment, all within a ‘safe’ educa-
tional environment. Edwards Lifesciences has 
established a similar simulation-based train-
ing program for use with the percutaneously 
implanted aortic stent valves.

As technology continues to advance and new 
devices are approved for broader uses, continuing 
education on proper device use including tech-
niques in deployment is imperative. Carroll and 
Messenger stated ‘It is likely that the major forces 
for implementing simulation will come from the 
medical device industry, which will need accel-
eration in training on new products’ [28]. Yet 
when devices are used off-label, this educational 
safety net is not available. Simulation experi-
ences or educational protocols are not designed 
for devices used outside their labeled indications. 
According to FDA policy, manufacturers cannot 
promote or advocate their devices for off-label 
use. Thus, industry cannot design effective edu-
cational protocols for devices that are being used 
beyond their established indications. 

Table 1. Common pediatric off-label applications for approved medical devices.

device category Common labeled indications off-label applications

Dilation balloons (angioplasty, 
valvuloplasty)

Valvar pulmonary stenosis
Iliac, femoral, popliteal and renal 
artery stenosis

Pulmonary artery stenosis, valvar aortic stenosis, conduit 
stenosis, coarctation of the aorta, pulmonary or systemic 
vein stenosis

Embolization coils Arterial and venous embolization Patent ductus arteriosus occlusion

Stents (biliary, coronary) Malignant neoplasms of the biliary tree
Abrupt/threatened closure of 
coronary lumen

Pulmonary artery stenosis, conduit stenosis, coarctation of the 
aorta, stenting of patent ductus arteriosus, pulmonary or 
systemic vein stenosis

Cutting balloon Obstructive lesion of arteriovenous 
dialysis fistula

Pulmonary artery stenosis and creation of atrial septal defect

Radiofrequency 
perforation wire

Creation of atrial septal defect Perforation of atretic pulmonary valve
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Future perspective
In 2004, the US Health and Human Services 
and the FDA recommended performance of a 
comprehensive needs assessment to determine 
the best mechanism to promote the develop-
ment of pediatric-specific devices. The Health 
and Human Services and FDA reported to 
Congress, ‘it is clear that further study is war-
ranted to evaluate the scope of unmet needs’ 
of pediatric medical devices [27]. The response 
from Congress in 2007 was the passage of 
the Pediatric Medical Device Improvement 
and Safety Act (PL-110–85), which sought 
to stimulate industry by removing profit pro-
hibitions on devices approved through the 
humanitarian device exemption pathway. The 
act also gave the FDA authority to improve 
postmarket safety monitoring of devices, and 
encouraged the creation of nonprofit consor-
tia to stimulate innovation in the develop-
ment of medical devices for children. The 
intention of this legislation was to encourage 
and foster the development of cardiac devices 
specifically for children with congenital heart 
disorders, and begin to move away from rely-
ing so heavily on the off-label use of devices. 
In the fall of 2010, with the sponsorship of 
the FDA, the NIH, the American College of 
Cardiology, and the Society for Cardiovascular 
Angiography and Interventions, the American 
Academy of Pediatrics sponsored a workshop 
titled ‘Optimizing Clinical Trial Design for 
the Development of Pediatric Cardiovascular 
Devices.’ This workshop was attended by car-
diologists, scientists, representatives of indus-
try and government regulators and proved to 
be a valuable forum for focusing on children’s 
cardiac device needs. 

Beyond legislation, enhanced postmarket 
surveillance and national workshops, two addi-
tional solutions to the problem of the frequency 
of off-label use include the use of objective 
performance criteria (OPC) or performance 
goals (PG), and the use of registry data. An 
OPC or PG is an estimate of an acceptable 
performance for a device created to determine 
whether a new application can be marketed for 
that given device. It is based on historical data, 
and replaces the gold standard randomized, 
controlled clinical trial (RCCT) as an alterna-
tive pathway to evaluate whether a device meets 
criteria for approval. In small, diverse pediatric 
populations, conducting an adequately powered 
RCCT may be statistically impossible. OPC’s 
and PG can augment the data where a RCCT 
is lacking in achieving safe, efficacious use of 

approved devices for new applications. This has 
been demonstrated by the use of an OPC in the 
approval process for the patent ductus arteriosus 
occluder device [29]. 

A second possible solution is the creation 
and use of registry data. A prospective registry 
dataset can be created to provide key clinical 
information and long-term longitudinal follow-
up data on devices that are being used for off-
label indications. These datasets can then be 
evaluated by the FDA to support review and 
approval processes for new applications. An 
example of a congenital heart disease-specific 
registry is the Improving Pediatric and Adult 
Congenital Treatment (IMPACT) registry [30]. 
IMPACT was created by the American College 
of Cardiology in 2011 as a national registry of 
pediatric cardiac and congenital catheter-based 
procedures, whose role is to serve as a resource 
for pediatric and congenital interventional car-
diologists to guide and improve treatment on a 
national level. 

For those involved in the care of children, 
it is very encouraging and exciting to see the 
attention their specific needs are receiving on a 
national level, and it is hoped that these devel-
opments will usher in the dawn of a new age 
in pediatric interventional cardiology. Future 
devices used by pediatric practitioners ideally 
will be engineered and evaluated specifically 
for the pediatric patient and their specific con-
ditions. The innovations imparted by using 
approved cardiac devices for off-label indica-
tions will never be entirely replaced. However, 
children deserve more than simply extrapolating 
data from adult medicine.
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Table 2. Commonly used devices developed for 
pediatric-specific indications. 

device category Labeled indication

Occlusion devices Secundum atrial septal defect closure, patent 
ductus arteriosus closure, fontan fenestration 
closure and muscular ventricular septal 
defect closure

Dilation balloons (valvuloplasty) Valvar pulmonary stenosis
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executive summary

The scope of off-label use
 � There is an extensive literature defining the off-label use of medications in pediatric patients.
 � Recent documentation demonstrated that off-label device use in pediatric interventional cardiology is very common, particularly for stent 

procedures and dilation balloons.
 � Approved indications for medical devices in the USA specify procedures, not patient ages.

Drawbacks of off-label use of medical devices include patient safety, entrepreneurial development & educational support
 � Safety and performance: the use of an approved medical device for an off-label indication falls within the bounds of acceptable practice; 

however, medical devices may not have the same excellent performance characteristics when used for an off-label indication. 
 � Development: due to multiple factors, there is limited motivation for industry entrepreneurial development of pediatric-specific devices, 

especially when the ‘standard of care’ in many circumstances has become the off-label use of approved devices.
 � Education and training: industry is limited in the design of effective educational protocols for devices that are being used beyond their 

approved indications.

The future: legislation & organizational programs
 � The Pediatric Medical Device Improvement and Safety Act (PL-110–85, 2007) was created to encourage the development of cardiac 

devices specifically for children with congenital heart disease and improved US FDA postmarket safety monitoring pathways.
 � National workshops have proven to be valuable forums for focusing on children’s cardiac device needs. 
 � Objective performance criteria or performance goals can augment the data available for FDA review in achieving safe, efficacious use of 

approved devices for new applications.
 � Registry data such as the IMPACT registry can serve as a resource for pediatric and congenital interventional cardiologists to guide and 

improve treatment on a national level. 
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