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eAppendix1. Additional Information Pertaining to Clinical Study Identification for High-Risk 
Therapeutic Medical Devices Receiving Initial Marketing Approval via the FDA Premarket 
Approval Pathway in 2010 and 2011. 
 
About ClinicalTrials.gov 
 

Under the 2007 Food and Drug Administration Amendments Act (FDAAA), all clinical 
studies of FDA-regulated medical devices either conducted in the U.S. or involving a U.S.-based 
investigator that were initiated after September 27th, 2007 or still ongoing as of December 26th, 
2007 are required to be registered on ClinicalTrials.gov, excluding small feasibility studies. 
 
Identification of Clinical Studies Using ClinicalTrials.gov 

For each device in our cohort, we initially searched ClinicalTrials.gov for the device trade 
name specified at the time of PMA application, any previously marketed trade names appearing 
in the FDA Summary, and any newly marketed trade names appearing in the PMA database. We 
included all resulting studies describing use of the device under these trade names, excluding 
duplicates. Using the FDA Summary for each device, we then searched for any trade names of its 
component devices as applicable. If the component was originally approved as part of the PMA 
application, we included all newly identified studies describing its use. If the component was not 
approved as part of the PMA application, we included any newly identified studies describing its 
use as adjunctive to a comparable device that we could not exclude as being the device of 
interest within our sample.  

After searching for clinical studies of interest based on trade names, we then screened further 
using combinations of manufacturer names and device descriptors as our search terms. We first 
used information provided in the FDA Summary, the FDA website, and manufacturer website to 
determine relevant device descriptors and abbreviations thereof for each device (e.g., “bronchial 
radiofrequency” and “bronchial RF”), leveraging descriptors in the generic technology name to 
differentiate our device of interest within the manufacturer’s product line when necessary (e.g., 
“everolimus platinum stent” as opposed to “everolimus stent” for Boston Scientific). We also 
searched the PMA database to identify all manufacturers listed as applicants for each device in 
order to account for manufacturer mergers, acquisitions, and rebranding. For each device, we 
then searched ClinicalTrials.gov for combinations of manufacturer name(s) and device 
descriptors. 

The principal investigator (J.S.R.) reviewed all potentially relevant studies derived from 
these screens along with another investigator (V.K.R.) to determine appropriateness for 
inclusion. For each device, we included newly identified resulting studies that mentioned 
relevant combinations of manufacturer name(s) and device descriptors, provided that the study 
examined a technologically equivalent, unnamed device that was both attributable to the correct 
manufacturer by study description or sponsorship and conducted in a setting consistent with the 
marketing history outlined in the FDA Summary. For devices produced by smaller 
manufacturers or with generic technology descriptors either highly specific in name or unique to 
a single manufacturer, we additionally searched ClinicalTrials.gov for these manufacturer names 
and generic technology descriptors alone. We included newly identified studies resulting from 
these searches that described use of a comparable device that we could not exclude as being the 
device of interest within our sample. 
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Identification of Clinical Studies Using Supplementary Sources 

Using information provided within FDA Summaries, we included an additional 7 pivotal 
studies (for 7 unique devices) not identified through our search of ClinicalTrials.gov. These 
studies were either completed prior to federal registration requirements taking effect or still 
redacted on the ClinicalTrials.gov website. We also included an additional 25 feasibility studies 
(for 12 unique devices) that were described within FDA Summaries and not registered on 
ClinicalTrials.gov, as small feasibility studies are excluded from the requirements of the 2007 
Food and Drug Administration Amendments Act. Using information provided within the FDA 
Post-Approval Studies database, we included an additional 14 PAS (for 8 unique devices), 13 of 
which were ordered to provide clinical follow-up of participants previously enrolled in a study 
that we had already identified through our search of ClinicalTrials.gov. We also included a single 
PAS requiring enrollment of new patients that we were unable to locate through 
ClinicalTrials.gov. We additionally identified one other PAS taking place within an external 
registry through the Post-Approval Studies database, but chose not to include this study, as we 
were unable to identify the external registry on ClinicalTrials.gov or through a broader search of 
the Web. 
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eAppendix2. Additional Information Pertaining to Characterization of Pivotal and Post-Market 
Clinical Studies of High-Risk Therapeutic Medical Devices Receiving Initial Marketing 
Approval via the FDA Premarket Approval Pathway in 2010 and 2011. 

 

Information derived from ClinicalTrials.gov (downloadable outputs and study web pages), FDA 
Summaries of Safety and Effectiveness Data (section 10 “Summary of Primary Clinical Study” 

and section 11 “Summary of Supplemental Clinical Information”), and FDA Post-Approval 
Studies database (approval orders and post-approval study web pages) 

 
Enrollment: Study enrollment size was recorded as specified in the “Enrollment” field on 
ClinicalTrials.gov or described in FDA approval letters mandating post-approval studies. Study 
enrollment size for pivotal studies identified through FDA Summaries was recorded as the 
number of randomized patients. For feasibility studies identified through FDA Summaries, the 
number of patients receiving the study intervention was recorded as the enrollment size. 
 
Study status: For studies identified through ClinicalTrials.gov, study status was recorded as most 
recently specified on the study page and coded as described in eAppendix 3. We considered all 
pivotal and feasibility studies identified through FDA Summaries to be completed. We 
determined the study status of FDA-required post-approval studies using the “Study Progress” 
field within the FDA Post-Approval Studies database; studies were considered to be “Ongoing” 
if study progress was reported as “Progress Adequate” or “Progress Inadequate,” “Unknown” if 
progress was reported as “Study Pending,” and “Completed” if reported as such.   
 
Primary completion date: For studies identified through ClinicalTrials.gov, primary completion 
date was recorded as specified in the “(Estimated) Primary Completion Date” field. In rare 
instances, no primary completion date was reported on ClinicalTrials.gov, and we used 
information reported in the “Completion Date” field instead. If neither field was populated, we 
estimated the primary completion date by adding the duration of longest follow-up for the 
primary outcome measure to the date of last verification by the study sponsor. For pivotal studies 
identified through FDA Summaries, we used the date of last data collection as reported. For 
feasibility studies identified through FDA Summaries, we performed a search of the literature to 
identify the completion date of the study as reported or estimate the primary completion date by 
adding the duration of longest follow-up to the date of final patient enrollment. In rare instances, 
we were unable to locate a published report of the feasibility study within the literature, and 
instead used a search of the Web to identify the dates of news items reporting on the results of 
these studies.  
 
Study type: Studies identified through ClinicalTrials.gov were determined to be pivotal or post-
approval studies if described as such within the “Official Title,” “Brief Description,” or 
“Detailed Description” fields. We further identified pivotal and post-approval studies among 
those identified through ClinicalTrials.gov by comparing reported enrollment size, setting, and 
design features to study descriptions provided within FDA resources. All other studies were 
considered to be manufacturer/investigator-initiated.  
 
Primary endpoint: Primary endpoints of pivotal and post-market studies identified through 
ClinicalTrials.gov were recorded as reported in the “Current Primary Outcome Measures” field 
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on each study page. Additionally, we searched the FDA Summary for each pivotal study 
registered on ClinicalTrials.gov to identify any additional primary endpoints discussed in the 
study description. We classified endpoints describing adverse events or other sequelae related to 
previous treatment with the study device (e.g., blood metal ion level measurement following 
metal-on-ceramic hip implantation) as safety endpoints. We classified endpoints describing the 
state of the medical condition for which the patient received treatment with the study device 
(e.g., number of severe respiratory exacerbations observed in asthma patients undergoing 
bronchial thermoplasty) as effectiveness endpoints. In the event that a composite endpoint 
described elements of both, we classified the endpoint as an effectiveness endpoint.  Mortality 
was considered an effectiveness endpoint unless specifically designated otherwise; whenever an 
endpoint was explicitly classified on ClinicalTrials.gov, we considered it to be as such.  

For pivotal studies identified through FDA Summaries, we classified endpoints as 
explicitly named. If only one primary endpoint was named for a pivotal study, we considered it 
to be an effectiveness endpoint. If no primary endpoint was explicitly named, we designated the 
endpoints discussed within the “Effectiveness Endpoints” and “Safety Endpoints” sections as 
primary endpoints; in these select instances, a maximum of 3 endpoints were named in per 
section. We considered the primary endpoints of post-approval studies providing follow-up of 
previously enrolled cohorts to be the same as the original study, unless explicitly specified 
otherwise by information within the Post-Approval Studies database.  
 Primary endpoints used to assess the effectiveness of study devices were classified as 
“clinical outcomes,” “clinical scales,” or “surrogate markers of disease”. “Clinical outcomes” 
measure patient survival or function. “Clinical scales” represent rubrics for the quantification of 
subjective patient-reported symptoms. “Surrogate markers of disease” represent biomarkers 
expected to predict clinical status. Endpoints classified as “Clinical outcomes” and “Clinical 
scales” were grouped together and classified as “Clinical outcomes” for purposes of analysis. 
Composite endpoints with both clinical and surrogate components were considered to be 
“Clinical outcomes.” Several examples of primary endpoints for each category are listed below: 
  

• “Clinical outcomes” 
o Overall survival 
o 50-foot walk test 
o Reduction in post-operative intervention by surgery to free adhesion or oral 

steroid treatment 
• “Clinical scales” 

o Harris Hip Score 
o Best-corrected visual acuity 
o New York Heart Association Functional Classification Status 

• “Surrogate markers of disease” 
o Aortic insufficiency as measured by echocardiogram 
o Maximum observed everolimus blood concentration 
o Reduction in smooth muscle surface area as objectified on bronchial biopsies 

 
  

© 2015 American Medical Association. All rights reserved.



All unique primary effectiveness endpoints identified in our study are listed according to 
classification below. 
 
Clinical Outcomes 
Mild exacerbation rate (defined as 2 consecutive days with A) morning peak expiratory flow 
falling at least 20% below the average morning peak flow recorded during the 7 days 
immediately prior to enrollment testing, B) more than 3 more puffs of rescue short acting 
bronchodilator required than the average usage during the 7 days immediately prior to 
enrollment testing, or C) awakening at night with asthma symptoms) 
Incidence of severe asthma exacerbations 
Composite endpoint of total mortality, disabling stroke, serious bleeding, or cardiac arrest in 
patients warranting therapy for AF 
Freedom from chronic treatment failure (defined as occurrence of an atrial fibrillation 
intervention, use of non-study atrial fibrillation drug therapy, or the occurrence of detectable 
atrial fibrillation which is defined as an episode of atrial fibrillation lasting more than 30 
seconds as documented in a tracing) 
Treatment Success (combination of acute procedural success and freedom from chronic 
treatment failure) 
Freedom from atrial fibrillation and atrial flutter as assessed by one week Holter 
echocardiograms and symptoms 
Recurrence of symptomatic or asymptomatic atrial flutter as documented on an 
electrocardiogram or long-term Holter 
Atrial fibrillation recurrence rate (defined as any detected episode lasting > 30 sec upon 
admission to the hospital) 
Freedom from atrial fibrillation or any other atrial tachyarrhythmia lasting > 30 seconds 
(symptomatic or not) 
Anti-arrhythmic drug-free freedom from atrial fibrillation recurrence 
Percentage of atrial flutter burden as measured by implantable loop recorder during 
symptomatic events 
Combined endpoint of absence of atrial arrhythmias and absence of persistent complications 
(including redo procedures) after the index procedure 
Major Adverse Events (defined as device and/or procedure related death, target limb loss 
and/or clinically driven target lesion revascularization, or target vessel revascularization) 
Primary patency rate (defined as uninterrupted patency with no procedures performed on or at 
the margins of the treated segment, with no restenosis >50% as documented by peak systolic 
velocity ratio > 2 on Duplex ultrasound) 
Time to hemostasis (defined as no or minimal subcutaneous oozing and absence of expanding 
or developing hematoma) 
Time to ambulation (defined as patient standing and walking at least 20 feet without re-
bleeding or significant oozing requiring manual compression) 
Presence of posterior capsule opacification in the EC-3 lens (i.e., delayed clouding of lens 
capsule after cataract surgery) 
Freedom from device or procedure related death and/or reoperation 
Non-hierarchical composite of death and disabling stroke 
Non-hierarchical composite of death (all cause), disabling stroke, and repeat hospitalization 
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Non-hierarchical composite event of death, all stroke, and aortic insufficiency 
Non-hierarchical composite of death and all stroke 
Freedom from mortality at 1 year 
Number of participants who require subsequent valve repair 
Hierarchical composite of death and recurrent hospitalization 
50-foot walk test 
Target lesion failure (defined as any ischemia-driven revascularization of target lesion, 
myocardial infarction, or death related to the target vessel) 
Incidence of major adverse cardiac events composite criteria (includes all cardiac deaths and 
infarctions in treated regions, as well as revascularization of treated lesions via iterative 
angioplasty or aorto-coronary bypass) 
Rate of cardiac death or myocardial infarction 
Bloodless surgical field and satisfactory hemostasis in anastomosis 

Clinical success (defined as freedom from increase in abdominal aortic aneurysm diameter > 5 
mm, Type I and III endoleaks, conversion to surgery, rupture, stent graft occlusion, and stent 
graft migration) 
Conversion to open surgical repair 
Surgical or endovascular secondary procedures performed 
Aneurysm-related mortality 
Overall survival 
Composite success/failure as determined by radiographic, clinical (Harris Hip Score), and 
revision surgery data 
Complete aneurysm occlusion in the absence of stenosis >50% of the parent artery and without 
the use of any other treatment 
Time to achieve hemostasis at the aortic anastomotic suture line after clamps are released 
Percentage of patients without postoperative air leak (based on nature of post-operative chest 
tube management) 
Net clinical outcome (composite of cardiac death, nonfatal myocardial infarction, 
cerebrovascular accident, and major bleeding by PLATO criteria) 
Cardiac events (including myocardial infarction, cardiac death, target lesion revascularization, 
and stent thrombosis) 
Major adverse cardiac and cerebral events, including death and a composite of the following 
events: stroke or transitory ischemic attack, myocardial infarction, hospitalization for repeat 
revascularization procedure, and target vessel revascularization by means of percutaneous 
coronary intervention (PCI) or coronary artery bypass grafting 
Reduction in post operative intervention by surgery to free adhesion or oral steroid treatment 
Actuarial freedom from re-operation due to structural valve deterioration 
Composite of all cause mortality, re-interventions, surgical conversions, post-procedural 
strokes and ischemic or hemorrhagic events causing motoric, language or cognitive 
compromise 
Disease, device or procedure-related mortality at 12 months post-procedure (defined as any 
death related to the device, to the disease, or to the surgical procedure occurring in the period 
of 365 days following the day of the implant procedure) 
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Cumulative MACE (including death, rupture, paraplegia, aneurysm formation, etc.) 
Successful aneurysm treatment (defined as absence of growth more than 5 mm and absence of 
secondary procedure due to Type I or III endoleak) 
Procedural success: the deployment of stent at the intended target lesion with a final residual 
stenosis ≤20% and a TIMI 2-3 coronary flow by visual estimation without major peri-
procedural complication 
Clinical success: any major in-hospital events (deaths, re-infarction, urgent revascularization, 
stroke, or major bleedings) 
Angina primary endpoint: the percentage of patients who experienced angina 
Major adverse cardiac events (defined as cardiac death, non-fatal myocardial infarction, 
stroke, and target vessel revascularization) 
Successful canalization (defined as confirmation of guide wire placement in true lumen and 
absence of in-hospital major adverse cardiac events) 
Successful pre-dilation of the chronic total occlusion (defined as absence of clinically 
significant vessel perforation or flow-limiting vessel dissection and achievement of final TIMI 
flow 3 for the target lesion) 
Composite measure of all-cause mortality, myocardial infarction (MI) or stroke. 

 
Clinical Scales 
Change from baseline in Integrated Asthma Quality of Life Questionnaire 
Evaluation of symptom control with Asthma Control Test and Asthma Quality of Life 
Questionnaire 
Baseline predictors of response to bronchial thermoplasty defined by improvement in asthma 
quality of life in patients with severe refractory asthma 
Quality of Life Questionnaire for Adult Korean Ashtmatics 
Severity of facial wrinkle 
Adjusted mean change from baseline in Wrinkle Severity Rating Scale of each nasolabial fold 
Validated Wrinkle Severity Rating Scale II 
4-point Perioral Lines Severity Scale 
Harris Hip Total Score 
Best corrected visual acuity 
Best case best corrected visual acuity 
Quality of life as measured using the KCCQ, SF-12, and SQ-5D assessments 
Speech recognition threshold (decibel level at which 50% of words can be repeated correctly) 
Word recognition score 
Change from baseline in Western Ontario and McMaster Universities Osteoarthritis Index 
Visual Analog Pain Subscore 
Patients with at least 2 line improvement in visual acuity scale 
Best-case best-corrected distance visual acuity 
Target versus achieved refraction 
Rate of therapy success (defined as complete or near complete aneurysm occlusion with a 
modified Rankin score ≤2) 
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New York Heart Association Functional Classification Status 
Internal Index for Erectile Dysfunction scale 
Erectile Hardness score 
International Prostate Symptom score 

 
Surrogate Markers of Disease 
Change from baseline in bronchial smooth muscle on histological sampling 
Change in airway smooth muscle (ASM) mass as determined by the percentage of ASM 
surface area in airway biopsies 
Improvements in pre-bronchodilator FEV1 and FVC 
Electrical pulmonary vein isolation as determined upon mapping with multi-electrode catheter 
Acute procedural success (demonstration of electrical isolation in ≥ 3 pulmonary veins or their 
anomalous equivalents at the conclusion of the first protocol-defined cryoablation procedure) 
Efficacy of pulmonary vein isolation defined by achieving an exit block for all pulmonary 
veins 
Proportion of patients without atrial fibrillation recurrences longer than 2 minutes as detected 
by an implantable loop recorder 
Freedom from any atrial arrhythmia recurrence (defined as at least one episode of atrial 
fibrillation, atrial flutter, or atrial tachycardia with a duration > 30 seconds as documented by 7 
day Holter ECG or any other printed ECG recording) 
Presence or absence of pulmonary vein electrical isolation or reconnection 
Successful pulmonary vein isolation using the novel circular mapping catheter with the 
cryoballoon 
Chronic Treatment Success (defined as a lack of atrial fibrillation episodes lasting at least 30 
seconds as assessed by ambulatory continuous ECG monitoring) 
Time to first documented recurrence of atrial arrythmias as evaluated by weekly 
electrocardiography (ECG) monitoring (transtelephonic transmission/Tele-ECG) and Holter 
electrocardiograms 
Recurrence of atrial tachyarrhythmia, including atrial fibrillation and left atrial 
flutter/tachycardia, as measured by implantable loop recorder 
Time to recurrence of atrial fibrillation, defined as an episode >3 seconds as documented by 
device monitoring, loop recorder, implanted devices, or event monitor 
Upper eyelid scleral show and marginal reflex distance 1 in mm 
Amount of in vivo swing phase hip separation present within implanted hip during weight-
bearing level walking while under fluoroscopic surveillance 
Amount of stance phase hip separation present in vivo of implanted hip during level walking 
activity under fluoroscopic surveillance 
Overall hip separation present in vivo in implanted hip during level walking activity under 
fluoroscopic surveillance 
Rate of binary restenosis (defined as stenosis of at least 50% of luminal diameter or peak 
systolic velocity ratio > 2.5 in the treated segment as determined by catheter angiography or 
Duplex ultrasound) 
Primary patency (systolic velocity index < 2.4 on ultrasonagraphic evaluation) 
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Peri-prosthetic aortic regurgitant volume as diagnosed with 3D transesophageal 
echocardiogram 
Reduction in median total new lesion volume in protected territories as assessed by DW-MRI 
Agreement between cardiac MRI paravalvular leak grading and transthoracic echocardiogram 
paravalvular leak grading 
Correlation of aortic annulus measurement between invasive dyna CT and non-invasive CT 
scan 
Detection of new morphological brain injury with new hyper-intense diffusion weighted-MRI 
Aortic insufficiency as measured by echocardiogram 
In-stent late loss as measured by quantitative coronary angiography (defined as post-procedure 
minimum lumen diameter minus follow-up minimum lumen diameter) 
Aneurysm diameter change 
Stent graft endoleaks (type I, II, and III) 
Stent graft migration 
Technical success (defined as successful delivery and deployment of the stent graft in the 
planned location and with no unintentional coverage of both the internal iliac arteries or any 
visceral aortic branches and with removal of the system) 
Progression-free survival time 
Time to local and distant progression in brain as determined by magnetic resonance imaging 
Overall Response Rate (Complete Response, Partial Response, and Stable 
Disease)(bevacizumab-naïve) assessed using RANO criteria 
Complete occlusion of treated aneurysm assessed on angiography 
Combined efficacy and safety endpoint of 1) efficacy: greater than 90% angiographic 
occlusion AND stable or decreased aneurysm size on computed tomography or magnetic 
resonance imaging and 2) safety: freedom from any major neurologic event (defined by 
changed in National Institutes of Health Stroke Scale change from baseline >4 points) 
Primary patency (defined as absence of restenosis or occlusion within the originally treated 
lesion based on angiography) 
Stent strut coverage as evaluated by optical coherence tomography 
Stent strut malapposition as evaluated by optical coherence tomography 
Stent length (mm) at implantation following nominal pressure and following post-dilatation 
Measured length of the deployed stent divided by the nominal stent length, a surrogate marker 
for stent deformation measured by quantitative coronary angiography 
Endothelial coverage expressed as % of struts without coverage as measured by optical 
coherence tomography 
Overall change in stent length post deployment by intravascular ultrasound 
Atrial pacing capture threshold success (defined as energy sent from pacemaker needed to 
make atrium beat) 
Ventricular pacing capture threshold success (defined as energy sent from pacemaker needed 
to make ventricle beat) 
Atrial sensed amplitude success (defined as minimum energy produced by atrium that device 
can sense) 
Ventricular sensed amplitude success (defined as minimum energy produced by ventricle that 
device can sense) 

© 2015 American Medical Association. All rights reserved.



Successful implant of CapsureFix model 5086 
Oxygen consumption at ventilatory anaerobic threshold as a measure of exercise capacity 
Hemodynamic performance of valve (defined as pressure gradient from one side of valve to 
the other) 
Aortic valve mean gradient (mm Hg) at peak exercise 
Change in left ventricular diastolic strain 
Proportion in whom successful implantation is achieved, as indicated by aneurysm exclusion 
and graft patency 
Cross sectional stent strut malapposition in the main vessel bifurcation segment facing the 
side-branch ostium 
Minimal lumen diameter assessed by quantitative coronary angiography 
Number of stents optimally deployed as assessed by MUSIC criteria 
Coronary artery endothelial responsiveness (change in vessel diameter by pacing, hand-grip, 
and acetylcholine injection) 
Vasomotion assessed by change in mean lumen diameter between pre- and post-nitrate 
quantitative coronary angiography 
Minimum lumen diameter post nitrate minus minimum lumen diameter post procedure post 
nitrate by quantitative coronary angiography 

 
 
Indications: Using clinical experience and judgment, members of the study team (V.K.R. and 
J.S.R.) determined whether the indications for device use in each ongoing and completed post-
market study (both FDA-required PAS and manufacturer/investigator-initiated studies) differed 
from the original FDA-approved indication as explicitly described in the corresponding FDA 
Summary. This determination was made based on information within the post-market study 
description and inclusion/exclusion criteria, which outlined the conditions and population for 
which the device was used. If there was insufficient information to make a determination, we 
categorized the indication as not differing by default. Of note, we did not consider studies using 
the Edwards Sapien transcatheter heart valve in high-risk surgical patients to have a differing 
indication; although the device was originally cleared for the treatment of inoperable patients, the 
same pivotal study was used as the basis for approval in treating high-risk surgical patients as 
well. Several representative examples of differing and non-differing indications are provided 
with supporting rationale. 
 
Indications that Differed from the Original FDA-Approved Indication 
 

• Example #1 
o Original FDA indication: “The Arctic Front Cardiac CryoAblation Catheter and 

CryoConsole (Arctic Front® Cryocatheter System) are indicated for the treatment 
of drug refractory recurrent symptomatic paroxysmal atrial fibrillation.” 
 

o ClinicalTrials.gov study description: “The purpose of this study is to evaluate the 
effectiveness of Pulmonary Vein Isolation (PVI) performed with the Arctic 
Front™ Advance Cardiac CryoAblation Catheter System as first-line therapy in 
comparison with antiarrhythmic drugs (AAD) in patients with paroxysmal atrial 
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fibrillation (AF).” 
 

o Supporting rationale: Cryoballoon ablation was originally FDA-approved for the 
indication of treating drug-refractory patients, but here is studied as first-line 
treatment. 

 
• Example #2 

o Original FDA indication: “The Edwards SAPIEN Transcatheter Heart Valve 
(THV), model 9000TFX, sizes 23mm and 26mm, is indicated for transfemoral 
delivery in patients with severe symptomatic native aortic valve stenosis who 
have been determined by a cardiac surgeon to be inoperable for open aortic valve 
replacement and in whom existing co-morbidities would not preclude the 
expected benefit from correction of the aortic stenosis.” 
 

o ClinicalTrials.gov study description: “The purpose of this registry is to 
retrospectively and prospectively obtain clinical data in consecutively treated 
patients, in order to demonstrate that the commercially available Edwards 
SAPIEN Valve with the RF3 delivery system is a safe and effective treatment for 
patients with pulmonary regurgitation or stenosis.” 
 

o Supporting rationale: Study assesses artificial heart valve implantation in the 
pulmonic position, whereas device is originally FDA-approved for the indication 
of implantation in the aortic position. 

 
• Example #3 

o Original FDA indication: “Belotero® Balance is indicated for injection into the 
mid-to-deep dermis for correction of moderate- to-severe facial wrinkles and folds 
such as nasolabial folds.” 
 

o ClinicalTrials.gov study description: “Inclusion criteria: (1) Active stage TO 
[thyroid opthalmopathy] as determined by symptom onset of under 9 months 
AND (2) Upper eyelid retraction of 1 mm or greater in one or both eyes AND (3) 
Complaints of either significant ocular symptoms (despite appropriate use of 
ocular lubricants), or cosmetic deformity associated with the eyelid retraction” 
 

o Supporting rationale: Study assesses dermal filler for treatment of thyroid eye 
disease, whereas the filler is originally FDA-approved for the indication of 
treating facial wrinkles. 

 
• Example #4 

o Original FDA indication: “The Pipeline Embolization Device is indicated for the 
endovascular treatment of adults (22 years of age or older) with large or giant 
wide-necked intracranial aneurysms (IAs) in the internal carotid artery from the 
petrous to the superior hypophyseal segments.” 
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o ClinicalTrials.gov study description: “Inclusion criterion: Subject has a target 
intracranial aneurysm (IA) located in the anterior or posterior circulation.” 
 

o Supporting rationale: Study assesses outcomes in patients with posterior cerebral 
circulation vessels treated by the device, but the original FDA approval specifies 
the device is indicated solely for treatment of the internal carotid artery. 

 
• Example #5 

o Original FDA indication: “The PROMUS Element Plus Everolimus-Eluting 
Platinum Chromium Coronary Stent System is indicated for improving luminal 
diameter in patients with symptomatic heart disease due to de novo lesions in 
native coronary arteries >2.25 mm to <4.00 mm in diameter in lesions <28 mm in 
- length.” 
 

o ClinicalTrials.gov study description: “Inclusion criteria: long lesion (lesion 
length >30mm by visual estimation) or in stent restenosis of bare metal stent or 
everolimus-eluting stent.” 
 

o Supporting rationale: Study includes patients with stent restenosis and patients 
with lesion length ≥ 28 mm, but the stent was originally FDA approved for the 
indication of treating symptomatic heart disease caused by de novo lesions < 28 
mm in length. Lesions 28-34 mm in length were approved as an indication for 
treatment via supplemental pre-market application based on clinical evidence 
supporting a different size of the stent. 

 
• Example #6 

o Original FDA indication: “The NovoTTF-100A System is intended as a 
treatment for adult patients (22 years of age or older) with histologically-
confirmed glioblastoma multiforme (GBM), following histologically- or 
radiologically-confirmed recurrence in the supra-tentorial region of the brain after 
receiving chemotherapy. The device is intended to be used as a monotherapy, and 
is intended as an alternative to standard medical therapy for GBM after surgical 
and radiation options have been exhausted.” 
 

o ClinicalTrials.gov study description: “The study is a prospective, randomly 
controlled pivotal trial, designed to test the efficacy and safety of a medical 
device, the NovoTTF-100A, as an adjuvant to the best standard of care in the 
treatment of newly diagnosed GBM patients.”  
 

o Supporting rationale: Study assesses device as adjuvant first-line treatment for 
newly diagnosed glioblastoma multiforme, but device was originally FDA 
approved for the indication of treating recurrent glioblastoma multiforme. 

 
• Example #7 

o Original FDA indication: “The ProGel Pleural Air Leak Sealant is indicated for 
application to visceral pleura during an open thoracotomy after standard visceral 
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pleural closure with, for example, sutures or staples, of visible air leaks (> 2 mm) 
incurred during open resection of lung parenchyma” 
 

o ClinicalTrials.gov study description: “The objective of this clinical study is to 
evaluate the safety of the Progel® PALS, including the Progel® Extended 
Applicator Spray Tips, in sealing or reducing intraoperative air leaks in patients 
undergoing video assisted or robotic assisted thoracoscopic (VATS/Robotic) 
surgeries.” 
 

o Supporting rationale: Study assesses device for the purpose of achieving 
hemostasis during video or robotic assisted thorascopic surgery, but the device is 
originally FDA approved for indication of achieving hemostasis during open 
thoracotomy and lung resection. 

 
Indications that Did Not Differ from the Original FDA-Approved Indication 
 

• Example #1 
o Original FDA indication: “The Alair ® Bronchial Thermoplasty System is 

indicated for the treatment of severe persistent asthma in patients 18 years and 
older whose asthma is not well controlled with inhaled corticosteroids and long 
acting beta agonists.” 
 

o ClinicalTrials.gov study description: “Inclusion Criteria: (1) Patient with severe 
persistent asthma uncontrolled found in stable [condition] for at least 3 weeks 
AND (2) Patient receiving regular treatment with inhaled corticosteroids 
(beclomethason[e] > 1000 mcg or equivalent) and LABA (salmeterol >= 100 mcg 
or equivalent) AND (3) AQLQ score < 6.25 AND (4) FEV1 >= 60% predicted 
AND (5) Patients not smoking for at least one year ” 
 

o Supporting rationale: Patients eligible for inclusion must have uncontrolled 
asthma despite receiving inhaled corticosteroid and long acting beta agonist 
treatment. 

 
• Example #2 

o Original FDA indication: “The CeramaxTM Ceramic Total Hip System is 
indicated for noncemented use in skeletally mature individuals undergoing 
primary total hip replacement surgery for rehabilitation of hips damaged as a 
result of noninflammatory degenerative joint disease (NIDJD) or any of its 
composite diagnoses of osteoarthritis, avascular necrosis, and post-traumatic 
arthritis.” 
 

o ClinicalTrials.gov study description: “Inclusion Criteria: (1) Post-operative 
clinical evaluation judged successful using Harris Hip Scoring system (HHS > 90) 
AND (2) Body weight less than 270 lbs AND (3) No evidence of post-operative 
hip subluxation or dislocation AND (4) Do not walk with detectable limp AND 
(5) Be able to actively abduct their operated hip against gravity without falling 
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AND (6) Must be willing to sign Informed Consent and Health Insurance 
Portability and Accountability (HIPAA) forms. Exclusion Criteria: (1) Pregnant, 
lactating females or females not using reliable form of birth control AND (2) 
Patients that do not meet study requirements AND (3) Patients unwilling to sign 
Informed Consent or HIPAA forms” 
 

o Supporting rationale: Insufficient information is provided to determine the 
indications for hip prosthesis implantation (i.e., inflammatory vs. non-
inflammatory joint disease) among study patients.  

 
• Example #3 

o Original FDA indication: “The EXOSEAL Vascular Closure Device (VCD) is 
indicated for femoral artery puncture site closure, reducing times to hemostasis 
and ambulation in patients who have undergone diagnostic or interventional 
catheterization procedures using a standard 5F, 6F, or 7F vascular sheath 
introducer with up to 12 cm working length. Additionally, the EXOSEAL VCD is 
indicated to reduce times to hemostasis and ambulation in patients who have 
undergone interventional catheterization procedures, using a standard 6F vascular 
sheath introducer up to a 12 cm working length, who have received preprocedural 
and/or intraprocedural glycoprotein (GP) IIb/IIIa inhibitor therapy.” 
 

o ClinicalTrials.gov study description: “Inclusion Criterion: all patients who 
receive coronary angiography/intervention with an [sic] 6 F sheath. Exclusion 
Criteria: (1) severe calcification of the access vessel AND (2) severe peripheral 
artery disease AND (3) puncture in the origin of the profound femoral artery 
AND (4) non-femoral sheath insertion AND (5) marked tortuosity of the femoral 
or iliac artery AND (6) marked obesity or cachexia (BMI > 40 or <20) AND (7) 
patients on continuous medication with oral anticoagulants” 
 

o Supporting rationale: Study assesses vascular closure device in patients who 
have undergone coronary angiography/intervention using a 6F sheath. The study 
specifically excludes patients with non-femoral puncture sites and patients on 
continuous (as opposed to pre- or-intraprocedural) anticoagulation. Insufficient 
information is provided to determine whether the sheath working length exceeds 
12 cm.  

 
• Example #4 

o Original FDA indication: “The Pipeline Embolization Device is indicated for the 
endovascular treatment of adults (22 years of age or older) with large or giant 
wide-necked intracranial aneurysms (IAs) in the internal carotid artery from the 
petrous to the superior hypophyseal segments.” 
 

o ClinicalTrials.gov study description: “Inclusion Criteria: (1) Subjects who are 
age 22 or higher AND (2) IA of at least 10 mm in maximum distension along the 
internal carotid artery between the petrous and superior hypophyseal segments” 
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o Supporting rationale: Inclusion criteria specify use of the device in the same 
patient population (age 22 years or older) and disease state (large IA within 
specific anterior circulation anatomical bounds) as the original FDA indication.  

 
• Example #5 

o Original FDA indication: “The PROMUS Element Plus Everolimus-Eluting 
Platinum Chromium Coronary Stent System is indicated for improving luminal 
diameter in patients with symptomatic heart disease due to de novo lesions in 
native coronary arteries >2.25 mm to <4.00 mm in diameter in lesions <28 mm in 
- length.” 
 

o ClinicalTrials.gov study description: “Inclusion Criteria: (1) Patients, male or 
female, 18 years or older AND (2) Patients with de-novo coronary lesions and 
slated to receive a Promus Element stent AND (3) Patients who are slated to 
undergo IVUS [intravascular ultrasound] after stent deployment during 
implantation procedure. Exclusion Criteria: (1) Patients receiving more than one 
drug-eluting stent within the same lesion during implantation process AND (2) 
Patients with in-stent restenosis AND (3) Patients who had IVUS imaging 
attained with manual pullback” 
 

o Supporting rationale: Inclusion criteria specify stent use for the indication of de 
novo coronary lesions. Although the exclusion criteria do not specify a maximum 
lesion length, patients needing more than one stent within the same lesion are 
prohibited from enrolling in the study. Insufficient information is provided to 
determine the symptomatic status and lesion diameter of study patients.  

 
• Example #6 

o Original FDA indication: “Gel-One ® is indicated for the treatment of pain in 
osteoarthritis (OA) of the knee in patients who have failed to respond adequately 
to non-pharmacologic therapy, non-steroidal anti-inflammatory drugs (NSAIDs) 
or analgesics, e.g., acetaminophen.” 
 

o ClinicalTrials.gov study description: “Inclusion Criteria: (1) Have knee pain 
AND (2) Grade 1 to 3 on the Kellgren-Lawrence grading scale [for radiographic 
evaluation of osteoarthritis]. Exclusion Criteria: (1) BMI greater than 35 kg/m2 
AND (2) Received an intra-articular hyaluronic acid injection for the treatment of 
OA of the knee within 6 months prior to screening AND (3) Had a joint 
replacement of the target knee” 
 

o Supporting rationale: Inclusion criteria specify device use for the indication of 
knee pain secondary to osteoarthritis. Insufficient information is provided to 
definitively determine whether the device is to be used as first- or second-line 
treatment (i.e., whether patients have failed non-pharmacologic and 
pharmacologic therapies prior to enrollment). 

 
• Example #7 
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o Original FDA indication: “The Trifecta Valve is indicated as a replacement for a 
diseased, damaged, or malfunctioning native or prosthetic aortic heart valve.” 
 

o ClinicalTrials.gov study description: “Inclusion Criterion: Aortic valve disease. 
Exclusion Criteria: (1) Pregnant AND (2) Breast Feeding AND (3) Aortic valve 
bigger than 23 mm AND (4) Endocarditis AND (5) EF < 50%.”  
 

o Supporting rationale: Inclusion criterion specifies use of the artificial valve for 
the indication of treating aortic valve disease. Beyond anatomical location, no 
other restrictions are specified within the original FDA indication for use.  
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eAppendix3. Additional Information Pertaining to Coding of Features and Endpoints of Pivotal 
and Post-Market Clinical Studies of High-Risk Therapeutic Medical Devices Receiving Initial 
Marketing Approval via the FDA Premarket Approval Pathway in 2010 and 2011 
 
Information derived from ClinicalTrials.gov (downloadable outputs and study web pages), FDA 
Summaries of Safety and Effectiveness Data (section 10 “Summary of Primary Clinical Study” 

and section 11 “Summary of Supplemental Clinical Information”), and FDA Post-Approval 
Studies database (approval orders and post-approval study web pages) 

 
Funder: Coded as “Industry,” “Other,” or “Mixed” (i.e., both industry and outside funding 
sources) based on ClinicalTrials.gov downloadable output. Pivotal and post-approval studies 
identified through FDA resources were considered to be “Industry” funded. 
 
Centers: Coded as “Single-center” or “Multi-center.” Studies explicitly described as single-
center or with only one study center listed were considered to be “Single-center.” All other 
studies were considered to be “Multi-center.” 
 
Locations: Coded as “All US,” “Some US,” or “No US” based on the description and/or listing 
of study center locations. All multi-center studies with at least one US location listed were 
considered to be “Some US.” Studies with no stated location were considered to be “Some US.”  
  
Registry: Coded as “Registry” or “Non-registry.” A clinical study was considered to be a 
“Registry” if the term “registry” was used explicitly either in the study name or description. 
 
Blinding: Coded as “Open label”, “Single-blind”, or “Double-blind.” Studies described as being 
blinded to an objective outcomes assessor or without explicit mention of blinding were 
considered to be “Double-blind.” Studies described as being blinded to either patient or 
investigator without mention of the other were considered to be “Single-blind.” Observational, 
single-group, and registry studies were considered to be “Open label.” All other studies were 
classified as reported. 
 
Study Groups: Coded as “Single-group” or “Multi-group.” Studies explicitly described as single-
group, with only one group listed, or in which all groups received the same treatment were 
considered to be “Single-group.” All other studies were considered to be “Multi-group.” 
 
Comparators: Coded as “None”, “Active comparator,” or “Placebo/Sham.” Clinical studies with 
standard of care as the control group were considered to have an “Active Comparator.” Single-
group studies were considered to have “None.” All other studies were classified as reported. 
Randomization: Coded as “Randomized”, “Non-randomized”, or “N/A.” Single-group studies 
were classified as “N/A” because randomization is not possible in such a design. Studies not 
explicitly described as being randomized were considered to be “Non-randomized.” All other 
studies were classified as reported. 
 
Indication: Coded as “Different” or “Original.” If differences were observed between 
“Indications for Use” described in the FDA summary and the study description of use and/or 
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population, the study was considered to be “Different.” All other studies were considered to be 
“Original.” Coding of study indications is described in greater detail within eAppendix 2. 
 
Primary Endpoints: Each primary effectiveness endpoint was classified as a clinical outcome, 
clinical scale, or “Surrogate marker”; clinical outcomes and scales were both coded as “Clinical 
outcome.” Composite endpoints with both clinical and surrogate components were considered as 
“Clinical outcome.” Coding of primary effectiveness endpoints is described in greater detail 
within eAppendix 2. 
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eFigure1. Sample Construction of High-Risk Therapeutic Devices Receiving Initial Marketing 
Approval via the FDA Premarket Approval Pathway in 2010 and 2011. 
 

  

Abbreviation: FDA, Food and Drug Administration. 
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eTable. High-Risk Therapeutic Devices Receiving Initial Marketing Approval via the FDA 
Premarket Approval Pathway in 2010 and 2011 (n=28). 
 
Device Name Device Description Medical Specialty Area * 
Alair Bronchial 
Thermoplasty System 

Bronchial Thermoplasty 
System Anesthesiology 

Arctic Front Cardiac 
Cryocatheter System 

Catheter, Percutaneous, 
Cardiac Ablation, For 
Treatment Of Atrial 
Fibrillation 

Cardiovascular: Non-
coronary stent 

Assurant Cobalt Iliac 
Balloon-Expandable Stent Stent, Iliac Cardiovascular: Non-

coronary stent 
Belotero Balance Dermal 
Filler 

Implant, Dermal, For Aesthetic 
Use General and Plastic Surgery 

Ceramax Ceramic Hip 
System 

Prosthesis, Hip, Semi-
Constrained, 
Metal/Ceramic/Ceramic/Metal, 
Cemented Or Uncemented 

Orthopedics 

Complete Self-Expanding 
Peripheral Vascular Stent Stent, Iliac Cardiovascular: Non-

coronary stent 
EC-3 Intraocular Lens Intraocular Lens Ophthalmology 
Endurant Endovascular 
Aortic Stent Graft 

System, Endovascular Graft, 
Aortic Aneurysm Treatment 

Cardiovascular: Non-
coronary stent 

Esteem Totally Implantable 
Hearing Aid 

Implant, Hearing, Active, 
Middle Ear, Totally Implanted Ear, Nose, and Throat 

Exoseal Vascular Closure 
Device Device, Hemostasis, Vascular Cardiovascular: Non-

coronary stent 
Gel-One Intra-Articular 
Hyaluronan Preparation 

Acid, Hyaluronic, 
Intraarticular Orthopedics 

Implantable Miniature 
Telescope 

Telescope, Implantable, 
Miniature Ophthalmology 

ION Paclitaxel-Eluting 
Coronary Stent Coronary Drug-Eluting Stent Cardiovascular: Coronary 

stent 
LeGoo Internal Vessel 
Occluder 

Occluder, Internal Vessel, 
Temporary 

Cardiovascular: Non-
coronary stent 

NovoTTF-100A Tumor 
Treatment Field Kit 

Stimulator, Low Electric Field, 
Tumor Treatment Neurology 

Omnex Surgical Sealant Sealant,Polymerizing Cardiovascular: Non-
coronary stent 

Pinnacle CoMplete 
Acetabular Hip System 

Prosthesis, Hip, Semi-
Constrained, Ceramic-On-
Metal Articulation 

Orthopedics 

Pipeline Embolization 
Device 

Intracranial Aneurysm Flow 
Diverter Neurology 

ProGel Pleural Air Leak 
Sealant  Sealant,Polymerizing Anesthesiology 
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Promus Element Plus 
Everolimus-Eluting Platinum 
Chromium Coronary Stent 

Coronary Drug-Eluting Stent Cardiovascular: Coronary 
stent 

Propel Drug-Eluting Sinus 
Stent Drug-Eluting Sinus Stent Ear, Nose, and Throat 

Quick-Close Vascular 
Suturing System Device, Hemostasis, Vascular Cardiovascular: Non-

coronary stent 
Revo MRI SureScan Pacing 
System  

Implantable Pulse Generator, 
Pacemaker (Non-Crt) 

Cardiovascular: Non-
coronary stent 

Sapien Transcatheter Aortic 
Valve and Accessories 

Aortic Valve, Prosthesis, 
Percutaneously Delivered 

Cardiovascular: Non-
coronary stent 

Softec HD Intraocular Lens Intraocular Lens Ophthalmology 
Trifecta Aortic Valve 
Prosthesis 

Heart-Valve, Non-Allograft 
Tissue 

Cardiovascular: Non-
coronary stent 

Valiant Endovascular Aortic 
Stent Graft 

System, Endovascular Graft, 
Aortic Aneurysm Treatment 

Cardiovascular: Non-
coronary stent 

Xience Prime and Xience 
Prime LL Everolimus-
Eluting Coronary Stent 

Coronary Drug-Eluting Stent Cardiovascular: Coronary 
stent 

 
Abbreviation: FDA, Food and Drug Administration. 
* Medical specialty area was categorized based on the FDA medical device advisory committee 
to which the high-risk device was assigned as part of the PMA evaluation, obtained from the 
‘Product Code Classification Files’; available at: 
http://www.fda.gov/MedicalDevices/DeviceRegulationandGuidance/Overview/ClassifyYourDev
ice/ucm051668.htm.
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eFigure2. Evidence Generation for High-Risk Therapeutic Devices Receiving Initial Marketing Approval via the FDA Premarket 
Approval Pathway in 2010 and 2011, including premarket non-pivotal and pivotal studies and postmarket FDA-required Post-
Approval studies and manufacturer/investigator-initiated studies. 
 

 
Caption: Each vertical bar represents the device Premarket Approval approval date, organized from oldest (bottom) to newest (top). 
For each device, pre- and postmarket studies appear to the left and right of the vertical bar, respectively. A single large registry study 
involving two coronary stents in our cohort was excluded from the plot, as were the 3 premarket non-pivotal studies reported as 
“Ongoing.” Abbreviation: FDA, Food and Drug Administration. 
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