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Current challenges for clinical trials of cardiovascular medical devices
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Several features of cardiovascular devices raise considerations for clinical trial conduct. Prospective, randomized, con-
trolled trials remain the highest quality evidence for safety and effectiveness assessments, but, for instance, blinding
may be challenging. In order to avoid bias and not confound data interpretation, the use of objective endpoints and
blinding patients, study staff, core labs, and clinical endpoint committees to treatment assignment are helpful ap-
proaches. Anticipationof potential bias should be considered andplanned forprospectively in a cardiovascular device
trial. Prospective, single-arm studies (often referred to as registry studies) can provide additional data in some cases.
They are subject to selection bias even when carefully designed; thus, they are generally not acceptable as the sole
basis for pre-market approval of high risk cardiovascular devices. However, they complement the evidence base
and fill the gaps unanswered by randomized trials. Registry studies present device safety and effectiveness in day-
to-day clinical practice settings and detect rare adverse events in the post-market period. No single research design
will be appropriate for every cardiovascular device or target patient population. The type of trial, appropriate control
group, and optimal length of follow-upwill depend on the specific device, its potential clinical benefits, the target pa-
tient population and the existence (or lack) of effective therapies, and its anticipated risks. Continued efforts on the
part of investigators, the device industry, and government regulators are needed to reach the optimal approach
for evaluating the safety and performance of innovative devices for the treatment of cardiovascular disease.
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1. Introduction

Numerous medical devices are available that prolong survival,
decrease morbidity, reduce symptoms, and improve functional
status and/or health-related quality of life (HRQOL) in patients
across the spectrum of cardiovascular disease [1]. However, devices
have different considerations than drugs, and the design of device
clinical trials may not necessarily follow the patterns established
for pharmacologic studies [2–4]. For example, in device clinical trials,
blinding may be more challenging, making the use of subjective end-
points (e.g., quality of life or threshold for revascularization) less
reliable, as they are more likely to show a powerful placebo effect,
even from a sham procedure. Unlike drug studies, operator or proce-
dural learning curves play an important role in device trials, which
may result in poorer outcomes during the early phases of study.
Patient selection, implant and surgical technique, and stratified
follow-up are key elements for successful device therapy, but they
may not be fully understood at the time a trial is designed. Fewer
patients are usually enrolled in device trials than in drug trials;
therefore, device trials are more prone to be underpowered for
major morbid events and mortality. Conversely, inadequate patient
adherence to the assigned intervention is not a problem in the eval-
uation of an implanted device, whereas it can be problematic in drug
trials. As technology rapidly changes, newmodels of a device may be
released during a trial, prior to the presentation of data for regulatory
approval, or, in the case of devices already approved, newmodels can
be approved via the pre-market approval (PMA) supplement pro-
cess. Changes can also include updated software algorithms that dic-
tate the response to certain measurements, which in reality, can
significantly change the device function. There are no precise rules
governing what degree of change is significant enough to require
new clinical studies. Most approvals processed through the PMA
supplement pathway follow a supplement category that does not
require clinical data to support the approval [5]. This process is in
contrast to the extensive pre-clinical and early phase trials that pre-
cede pivotal trials for pharmacologic therapies. Regulatory require-
ments for approval of medical devices in the United States are
vastly different from those in Europe, causing difficulties in harmo-
nizing research requirements globally. Finally, achieving reimburse-
ment and ultimate adoption of a novel device may require data
beyond that needed to assure safety and effectiveness. Given these
factors, alternative trial designs and novel endpoints that accurately
reflect safety and effectiveness are needed for the evaluation of
cardiovascular devices. However, departure from the ideal random-
ized, double-blind, controlled trial to create a feasible environment
for conducting trials and supporting innovation is associated with
real concerns in terms of scientific validity and confidence in re-
search results. The importance of these trade-offs should not be
underemphasized.

During the 9th Global Cardiovascular Clinical Trialists Forum held in
Paris, France, in December 2012, alternative approaches to randomized,
double-blind, controlled trials of cardiovascular devices were discussed,
highlighting the strengths and limitations of the regulatory environ-
ment, and considering methods to achieve quality science while ensur-
ing feasibility, patient safety, and encouraging innovation. This paper
summarizes the key challenges facing cardiovascular device research
and development on the path to regulatory approval.

2. Pre-market clinical trial designs to support device approval

Approval of therapeutic innovations should be based on a reasonable
assurance of safety and effectiveness ideally demonstrated by random-
ized, controlled study designs that provide unbiased data for clinical
evaluation and regulatory decision-making. However, there are multi-
ple challenges to utilizing this ideal approach for studies of cardiovascu-
lar devices.

2.1. Blinding considerations

Blinding reduces bias in clinical trials, and regulatory agencies en-
courage blinding to the fullest extent possible. Blinding a device trial
may require a sham procedure (e.g., a procedure that simulates the de-
vice implantation, but no device is implanted), a sham device (which in
most cases would violate ethical principles of research because of the
lack of potential for individual benefit, although both sham procedures
and devices can have a marked placebo effect which might restore the
balance between potential risks and potential benefits), or implantation
of a device without actuation. While sham approaches are possible
for some device trials (e.g., renal artery nerve radiofrequency ablation
to treat hypertension where all patients undergo renal angiography
to determine anatomic eligibility and randomization and treatment
is performed at the time of renal angiography [6] or cardiac
resynchronization therapy), they are not for others (e.g.,mechanical cir-
culatory support). Sham procedures may be viewed by some as uneth-
ical because the risks associatedwith the procedure could outweigh any
potential benefit gained fromparticipating in the research. Additionally,
devices are often linked to specific management or follow-up care that
cannot be separated from the pure device effect.

Lack of blinding has the potential to bias outcome assessment by
overestimating the treatment effect [7]. Truly large treatment effects
can overwhelm such bias, but if treatment effects are more modest,
the potential bias makes the results difficult to interpret. Therefore,
when blinding is not possible, studies should be designed with hard
objective endpoints (e.g., all-causemortality versus cause-specific mor-
tality; all hospitalizations versus heart failure hospitalizations; all revas-
cularization versus urgent revascularization). Any cause-specific or
subjective endpoints should be adjudicated by a clinical events commit-
tee (CEC) that is blinded as to each patient's allocated treatment (i.e.,
prospective open with blinded evaluation [PROBE] design) [8]. It is
important to note that the CEC may be unblinded by diagnostic tests
(e.g., computed tomography [CT] scans or chest X-rays) where devices
are evident. Special efforts to avoid unblinding in these situations
(e.g., redaction of progress notes, exclusion of imaging reports fromdoc-
umentation provided to CEC members unless absolutely required to
classify events) need to be undertaken.

Open-label device trials can bias study subjects completing patient
reported outcomes (PRO) or HRQOL questionnaires. Thus, such end-
points are usually inadequate as primary endpoints for pivotal trials.
However, they are often important secondary or ancillary outcomes
used by patients to make decisions about treatment preferences or by
payers to support reimbursement decisions. Therefore, such endpoints
should be rigorously collected and potential sources of bias acknowl-
edged to facilitate data interpretation. Instruments that assess device-
related burden independently from HRQOL may be more informative
and reduce the influence of bias, since the assessment ismore objective-
ly determined. Instruments should be as device-specific as possible. Un-
fortunately, not many instruments have been developed or validated
that capture specific device-related issues. Both the Food and Drug Ad-
ministration (FDA) and the EuropeanMedicines Agency (EMA) have re-
leased specific documents to guide the development of PROs to support
regulatory claims [9–11].

Bias can also originate from unblinded investigators whomay adjust
therapies and alter patient management during an ongoing study [12].
The CardioMEMS Heart Sensor Allows Monitoring of Pressure to Im-
prove Outcomes in New York Heart Association (NYHA) class III Heart
Failure Patients (CHAMPION) study is a good example of a recent trial
in which regulators and FDAAdvisory Panel members were initially un-
certain about how to interpret the data in the context of the potential
confounding influence of unblinded study staff who made treatment
recommendations to study investigators [13]. Even in a blinded trial, ac-
cidental unblinding can occur,whichmay affect care differentially in the
treatment arms. Investigators may tend to report adverse events more
frequently in the investigational arm of open-label trials, or they may
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