Medical Devices: Evidence and Research

Dovepress
open access to scientific and medical research

Review

Medical Devices: Evidence and Research downloaded from https://www.dovepress.com/ by 18.207.240.35 on 28-Jan-2020
For personal use only.

Open Access Full Text Article

Methodological choices for the clinical
development of medical devices
This article was published in the following Dove Press journal:
Medical Devices: Evidence and Research
23 September 2014
Number of times this article has been viewed

Alain Bernard 1
Michel Vaneau 2
Isabelle Fournel 3
Hubert Galmiche 2
Patrice Nony 4,5
Jean Michel Dubernard 6
Department of Thoracic Surgery
CHU Bocage, Dijon, France;
2
Department for Assessment of
Medical Devices, HAS (French
National Authority of Health),
Saint-Denis La Plaine, France; 3Centre
of Epidemiology of the Populations,
Burgundy University, Dijon, France;
4
Department of Clinical Pharmacology,
Lyon University CNRS, Lyon, France;
5
Laboratory of Biometry and Biology,
CNRS, Lyon, France; 6HAS Board
(French National Authority of Health),
Saint-Denis La Plaine, France
1

Abstract: Clinical evidence available for the assessment of medical devices (MDs) is frequently
insufficient. New MDs should be subjected to high quality clinical studies to demonstrate their
benefit to patients. The randomized controlled trial (RCT) is the study design reaching the highest level of evidence in order to demonstrate the efficacy of a new MD. However, the clinical
context of some MDs makes it difficult to carry out a conventional RCT. The objectives of this
review are to present problems related to conducting conventional RCTs and to identify other
experimental designs, their limitations, and their applications. A systematic literature search
was conducted for the period January 2000 to July 2012 by searching medical bibliographic
databases. Problems related to conducting conventional RCTs of MDs were identified: timing
the assessment, eligible population and recruitment, acceptability, blinding, choice of comparator
group, and learning curve. Other types of experimental designs have been described. Zelen’s
design trials and randomized consent design trials facilitate the recruitment of patients, but can
cause ethical problems to arise. Expertise-based RCTs involve randomization to a team that
specializes in a given intervention. Sometimes, the feasibility of an expertise-based randomized trial may be greater than that of a conventional trial. Cross-over trials reduce the number
of patients, but are not applicable when a learning curve is required. Sequential trials have the
advantage of allowing a trial to be stopped early depending on the results of first inclusions,
but they require an independent committee. Bayesian methods combine existing information
with information from the ongoing trial. These methods are particularly useful in situations
where the number of subjects is small. The disadvantage is the risk of including erroneous prior
information. Other types of experimental designs exist when conventional trials cannot always
be applied to the clinical development of MDs.
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Clinical data for the assessment of medical devices (MDs) are often inadequate or
limited.1 This view is shared at the European level as shown by recent publications.2,3
New MDs, which are health products to treat patients, should be subjected to high quality clinical studies to demonstrate their benefit. Taken alone, the technical performance
of new MDs does not guarantee the clinical efficacy and its benefit for the patient.
The randomized controlled trial (RCT) is the study offering the highest level of
evidence in order to demonstrate the efficacy of a new MD4 and in most cases, conducting an RCT is possible. However, the clinical context can make the achievement
of a conventional RCT in parallel groups impossible. To overcome the issues, other
experimental designs have been proposed to demonstrate the efficacy of new MDs.
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The methods described in the following document do however have their limitations and should be reserved for unique
situations where it is considered impossible to conduct a
conventional RCT. Use of these alternative methods should
be scientifically backed up and justified.
In view of the shortcomings frequently observed in assessments of the efficacy of non-pharmacological treatments, the
National Committee for the Assessment of Medical Devices
and Health Technologies (CNEDiMTS) wished to identify
a set of methods and conditions that will allow high-quality
clinical assessment, particularly when conventional RCTs
cannot be performed. The CNEDiMTS has produced this
document for manufacturers, research organizations, and
project developers. It aims to provide an up-to-date overview
of comparative methods that can be used to evaluate the
potential clinical benefit of a new MD or health technology,
and to describe possible research designs.
This document focuses on aspects of the clinical efficacy
assessment for a new MD or a new health technology from
development onwards, following feasibility studies. It aims to
identify the methods and conditions that allow a high-quality
clinical assessment of an MD to be made. The objectives
of this review are to present problems related to conducting conventional RCTs and to identify other experimental
designs, their limitations, and their applications.

Methods
A systematic literature search was conducted for the period
January 2000 to July 2012 by searching medical bibliographic
databases: Medline (National Library of Medicine, USA), the
Cochrane Library (Wiley Interscience, USA), BDSP (French
Public Health Database), National registers, Websites that
publish guidelines, technological assessment reports or economic assessment reports, Websites of learned societies competent in the field studied, and specialist sources, particularly
epidemiology and economics sources. The search was limited
to publications in English and French. Monitoring continued
until 27 June 2013. Technological assessments, guidelines,
consensus conferences, meta-analyses, systematic reviews,
RCTs and other controlled trials, comparative studies, and
cohort studies were sought. The search was completed by the
bibliographies of experts consulted and by manufacturers’
data. The search strategy for the Medline bibliographic database was constructed by using either terms from the thesaurus
(Medline MeSH descriptors) or free-text terms (from the
title or abstract) for each subject. These were combined with
terms describing the types of study. The results of the search
strategy are reported in a flow chart (Figure 1).
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Figure 1 Flow diagram of references evaluated for inclusion or exclusion.

Methodological problems
Some methodological principles that are intrinsic to randomized trials of pharmacological treatments may be more difficult to apply when assessing MDs and health technologies.
Problems related to conducting conventional RCTs of MDs
are detailed below.

Timing the assessment
Choosing the most appropriate time in its life cycle to clinically
assess an MD is one issue to consider. MDs usually undergo
changes after they have been launched, which aim to improve
them. Therefore, a study carried out too early may not reflect
the true performance of the MD if it does not sufficiently take
into account the period needed to learn the technique. In this
case, an unfavorable assessment may reflect a poorly mastered
technique rather than a genuinely ineffective technique.4
On the other hand, an assessment conducted too late is
responsible for MDs or health technologies being used without any proof of efficacy. An assessment should take place
before they are widely distributed. In fact, once an MD or
technology is widely distributed, it is difficult to get doctors
to adhere to a study protocol,5 because a technique already
used is often empirically considered to be effective.
Over time, professionals will change the situations in
which the MD is used. These developments may invalidate
the initial assessment.5

Eligible population and recruitment
The small size of the eligible population is also a particular
feature of studies of MDs. Indeed, the target population
may be far less sizeable for MDs than for most drug treatments,5 possibly only involving a few hundred patients in
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some cases.6 In this situation, a conventional parallel-group
trial may be more difficult to implement due to its complexity and cost.
The selection of the population studied is important.6 If
the selection of eligible patients is too strict, the risk/benefit
ratio for the device will be optimized, but the study’s external
validity will be more limited. On the other hand, a broader
selection can facilitate recruitment and make it easier to
generalize from the results, but may fail to delineate the
population most likely to benefit from the new treatment.

Acceptability
The acceptability of the study to patients plays an important
role when assessing treatments. Obtaining patient consent is
a prerequisite for conducting a clinical trial. When patients
are informed before giving their consent, they should be
provided with clear, documented, and reliable information.
If patients will not consent, the feasibility of the study is
called into question. Where there are reasons to believe that
the risk/benefit ratio differs between the treatments, both
patients and surgeons may prefer a specific intervention and
refuse to take part in the trial.
Some patients prefer to choose their treatment, and
refuse to be randomized.6 These issues can disrupt patient
recruitment and make randomization difficult. Whether or
not the use of the technique is widespread may also be a
source of difficulty when convincing patients to take part
in a clinical trial.
Questions of acceptability may additionally be raised by
surgeons, if they are absolutely convinced that the technique
they normally use is the best strategy.7 A cross-sectional
survey showed that 58% of orthopedic surgeons prefer to
participate in expertise-based controlled trials, versus 17%
for conventional RCTs.7 In addition, there is improved
acceptability because surgeons only perform the procedure
that they are used to carrying out, which they prefer, and in
which they are “experts”.7 Overall, surgeons are less reluctant to take part in an expertise-based clinical trial than a
conventional trial.7

Blinding
Blinding is an important element in clinical trials, because
it can reduce measurement bias related to the doctor’s or
patient’s subjectivity. A crucial element of blinding is that
it must be impossible to distinguish between the treatments
compared. The patient, doctor administering the treatment,
endpoint committee and/or statistician may be blinded. This
is particularly harmful given that the doctor’s influence is
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also more marked than in pharmacological trials.8 Open-label
trials overestimate the therapeutic effect by 14% in comparison with double-blind trials.9
Blinding is more often impossible in non-pharmacological
studies,10 for ethical or practical reasons.4 In these situations,
in order to evaluate the efficacy of a non-pharmacological
treatment as objectively as possible, alternatives have been
developed. Boutron et al have summarized the different
blinding methods used in non-pharmacological trials.11
Blinding may be complete, partial, or only apply to the
assessment of endpoints.

Choice of control or comparator group
The choice of the control or comparator group is crucial in
non-pharmacological trials. This problem does not apply to
studies where the treatment evaluated is added to the standard treatment, which is used alone in the control group.
According to the eleventh directive of the Council for
International Organizations of Medical Sciences regarding
biomedical research in human beings, the use of a placebo
(or an inactive treatment) may be considered ethically acceptable in the following circumstances:
– where there is no effective treatment or procedure;
– where abstaining from a treatment or procedure with
known efficacy will lead at worst to temporary discomfort
or a delay in relieving symptoms;
– where comparison with an effective treatment or procedure would not provide scientifically reliable results, and
administering a placebo does not add any significant risk
of irreversible damage.12,13
From an ethical point of view, it is difficult to offer
patients an invasive sham procedure.14 In fact, the more invasive the procedure, the harder it is to justify exposing patients
in the control group to risks that may be substantial without
any expected benefit.15 An important counter-argument to
this point of view is that ethical considerations also apply to
treatments received by future patients, in that the widespread
use of an unassessed treatment is not ethical. This suggests
that it may be important to make participants aware of the
overall benefit of a study.
In particular, it has been suggested that it is not ethical
to administer a placebo in place of a standard treatment with
demonstrated efficacy,13 or indeed an “invasive placebo” that
does not help to strengthen the demonstration. The decision to
use this placebo (or sham) surgery was widely controversial
for several reasons. Firstly, it was of no benefit to patients
whereas it did entail risks (relating to anesthesia),16 and
secondly, alternatives did exist.17
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A literature review has summarized the main surgical
placebos used in non-pharmacological trials.11 For surgery
and technological interventions, different methods have
been reported depending on the procedure. Thus, patients
may be under general anesthetic, or a surgical drape may
be used to conceal the procedure. In some cases, the procedure is simulated by making an incision similar to that
made in the treated group, or by injecting a placebo. In
practice, so-called placebo surgery is virtually impossible
and limited to cases where there is no suitable comparator
and where it involves little risk.18 It is also important to
standardize preoperative care (patients or equipment in the
same position), perioperative care (duration of procedure,
instruments, manipulation or care), and postoperative
care. In other studies, the surgeon who performed the procedure is not involved in patient follow-up. Boutron et al
have also reported the different placebos possible when
using MDs: placebo prostheses, hidden MDs, identical
but inactive MDs, active devices made ineffective, or use
of similar equipment.11

Learning curve
A particular feature of health technologies using MDs is that
the operator’s experience has an impact on the results of the
technique.4 Different levels of experience may lead to different levels of performance when carrying out interventions.
A lack of experience may influence the result of the study,
penalizing the new treatment tested.19
Therefore, the learning curve for operators must be
taken into account when assessing surgical or interventional
techniques. During the development of a new MD, provision must be made for training and learning plans. In fact,
the surgeons’ knowledge and skill are variability factors6
and they should be taken into account, for example with a
breaking-in period.20
An assessment performed too early risks reflecting
complications related to learning the new procedure. During
surgical interventions, the impact of learning may be assessed
through indicators such as the duration of the procedure or
the volume of blood lost. The variability of the treatment
effect according to the operator’s level of expertise should
also be assessed.
Therefore, an assessment of a new technology versus
a control risks being unbalanced in favor of the control
treatment, because of the operator’s experience. 18 The
study should therefore incorporate the effect of learning,
for example by recording training and experience.18 From a
pragmatic point of view, this learning phase must be taken
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into account in the trial so that any benefit provided by the
device or health technology can be evaluated accurately.

Methods used to overcome
the problems identified
Compensating for the lack of blinding
When it is impossible to blind health care professionals, a
blind assessment of the endpoint should be planned. This
guarantees a neutral assessment of the endpoint. In this situation, the assessment is performed by assessors independent
of the study who are blinded as to the treatment received.
This assessment may also be centralized in the case of
laboratory tests, radiological investigations, or excerpts from
clinical examination (videos, photos, recorded interviews).
For surgical interventions, patient blinding can be achieved
if the patient is under general anesthetic or masked with a
drape.11
In some cases, an adjudication committee independent of
the investigators is formed to check the endpoint. Blinding as
to the study’s hypotheses (or partial blinding) is also described
as an alternative.11 When blinding or alternatives to blinding
are impossible, it is important to choose the most objective
efficacy endpoint possible and for a blind assessment of this
endpoint to be made (for example by an independent expert
committee).

Other types of experimental designs
A trial with two parallel groups (or arms) should be considered before any other experimental design in any case where
a comparative clinical assessment is needed. In such trials,
the study treatment is compared with a control treatment by
using two groups of patients formed by contemporaneous
randomization and followed up in parallel. Other types of
experimental designs have been described, in particular for
surgery, a field with similar difficulties to those encountered
in MD assessment.

Zelen’s design or randomized
consent design trial
Zelen’s design (Table 1) involves randomizing patients
without first obtaining their informed consent. Only patients
randomized to the new treatment group must sign an informed
consent form. Patients who refuse will be given the standard
treatment.21 Three variants of Zelen’s design have been
proposed as clinically indicated.22 The advantage of this
experimental design is to facilitate the inclusion of patients
by reducing refusals.23,24 Furthermore, it is easier to recruit
patients even when they have a strong preference for one
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Table 1 Different experimental designs
Design

Principle

Advantages

Disadvantages

Zelen’s design

Randomizing before requesting
consent
Randomizing patients to a
specialized physician

• Facilitates inclusion

• Selection bias possible
• Ethical problems
• Difficulty of knowing whether the
observed difference is related to the
expertise of the operating physician
• Practical organization is complex
• Higher budget
• Lack of power
• Selection bias possible
• Carry-over effect
• Stable disease
• Endpoint must not be recovery or death
• Lack of power for secondary endpoints
or adverse effects
• The time between the inclusion of
patients and endpoint must be short
• Independent data monitoring committee
is necessary
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Expertise-based
randomized trial
Tracker trial design
Cluster randomized
trials
Cross-over trial

Sequential trials

Allowing changes in the study
protocol during the trial
Randomizing clusters of
individuals (hospital, department)
Randomizing the sequence
in which each treatment is
administered
Interim analysis (the results
from patients already included
are analyzed before
randomization of new patients)

• Better acceptability
• Reduces execution bias and
protocol deviations
• Early assessment of technological
developments
• Easy to implement
• Reduces the number of patients
needed
• Reduces the number of patients
needed

treatment over another.25 Nonetheless, several drawbacks have
been reported for this type of experimental design. The first is
ethical because only patients who provide informed consent
receive the new treatment. Zelen’s design may also dilute the
effect of the new treatment with the risk of not being able to
conclude whether the randomized patients refused the new
treatment in favor of the therapeutic reference.21 Selection bias
is possible with the risk of under-representation of patients
with a poor prognosis in the experimental group as patients
at high risk may refuse the new treatment in favor of the
therapeutic reference.21 To date, few trials of this type have
been proposed in France for ethical reasons. This experimental design is particularly useful when patients receiving the
standard treatment do not require additional visits and when
death is the only endpoint.25 A trial comparing radiofrequency
ablation to surgery or the treatment of small hepatocellular
carcinoma used Zelen’s design.26 The authors chose this
experimental design to prevent the withdrawals of patients to
be treated by radiofrequency ablation while surgery was the
standard treatment.26 According to the flow chart, four patients
refused to participate in the trial.26 After randomization, the
number of patients refusing the proposed treatment was well
balanced, four in the radiofrequency group and four in the
surgery group.26 In this trial, 168 patients (84 in each group)
were included. The characteristics of patients were similar in
both treatment groups.

Expertise-based RCTs
Unlike a conventional clinical trial, where patients are randomized to receive either intervention A or intervention B

Medical Devices: Evidence and Research 2014:7

provided by the same team, an expertise-based randomized
controlled design (Table 1) involves randomizing patients to
a surgeon or team that specializes in a given intervention.27
In this case, the physician is deemed to master the procedure.
This type of design requires at least one expert in each
randomized intervention at each center.27 More initial preinclusion consultations should be carried out by a neutral
person to determine the eligibility of patients.27 This design
requires stratification by surgeon and by center.27 Among the
advantages, this method limits execution bias related to the
absence of blinding.28 In fact, as each physician only performs
the procedure that he or she specializes in, the risk of differences between patients regarding the procedure and related
factors is lower than in conventional trials, where physicians
may follow patients in different groups in different ways. This
experimental design could reduce deviations from the protocol27 and improve feasibility, as physicians do not need to be
trained in both procedures.27 Last but not least, this approach
has the advantage of acceptability because physicians only
perform the procedure that they are used to.27,28 The disadvantage of this expertise-based experimental design lies in
the fact that it can sometimes be difficult to tell whether the
superiority of one technique over another is real, or whether
it is related to the expertise of the physician performing it.27
This type of experimental design is interesting when a learning curve is required to master the technique, especially as
the level of expertise can affect the result. In a multicenter
trial that compared arthroscopy with open surgery for the
treatment of rotator cuff tears,28,29 at the same center, the
surgeon performing the open surgery was associated with a
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surgeon performing arthroscopic surgery. The objective of
this trial was to minimize the impact of expertise.
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Tracker trial designs
This type of trial was developed so that technological changes
or improvements in the procedure could be taken into account
during the trial (Table 1).30 Changes in the trial are authorized
and taken into account in the statistical analysis.30 The main
advantage is to achieve a very early assessment of a new
MD or new technology before making it widely available.18
This design has several disadvantages: the methods are more
sophisticated than in conventional trials and the practical
organization is difficult with an impact on the budget of the
study.30 To date, there are few examples of this type of study
in the literature.

Cluster randomized trials
Cluster randomized trials involve randomizing clusters
of individuals (by center, hospital, department) (Table 1).
Each center is randomly assigned one of two treatments.31
This experimental design is easy to implement in terms of
logistics and may be of interest to compare strategies. The
main disadvantage is a lack of power31 as recruitment in the
clusters in terms of numbers and characteristics of patients
may vary. Sometimes, some clusters may remain empty
when the person responsible does not include patients. 32
These situations jeopardize the comparability of groups and
lead to selection bias.33 The application of this type of study
is limited to the clinical development of MDs.

Cross-over trials
In contrast with parallel group trials, where each patient
receives only one treatment, cross-over trials involve randomizing the sequence in which each treatment is administered
(Table 1). Each patient therefore receives both treatments.34
Cross-over experimental design has the advantage of reducing
the number of patients needed.34 The main disadvantage concerns the risk of the so-called “carry-over” effect. This effect
results from the fact that the first treatment administered may
have a remaining effect during the second period. Cross-over
trials are not suitable when the endpoint studied is recovery
or death, or when there is a learning curve.34 In a crossover trial, the disease must be stable. This type of trial may
have a benefit in dermatology, cosmetology, and in certain
implantable MDs such as neuro-stimulation devices. In 2013,
a cross-over trial was reported comparing subthalamic and
pallidal deep brain stimulation for dystonia.35 Each patient
was randomly selected to undergo initial bilateral stimula-
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tion of either the subthalamic nucleus or the globus pallidus
internus for 6 months, followed by bilateral stimulation of
the other nucleus for another 6 months. For this trial, only
12 patients were necessary.35

Sequential trials
Sequential trials are one technique that can be used for the
interim analysis of RCTs (Table 1). During the study, results
obtained with patients already included are analyzed before
the randomization of new patients. Several methods have
been described.36–40 These methods have the advantage of
allowing a trial to be stopped earlier.41 The average number of
patients required is also lower than in conventional trials.42,43
However, they have a number of constraints: there is a single
outcome endpoint and the time between the inclusion of
patients and measurement of the endpoint must be short.
Stopping the trial early may lead to insufficient power for the
endpoints or may influence measurements of the frequency of
adverse effects. An independent data monitoring committee
should be set up to decide whether the trial should continue
or be stopped.42 It is advisable to have regular follow-up with
good-quality inclusions to avoid delays in updating data.
These techniques are of particular interest for rare diseases
or in pediatrics. Hamilton et al44 reported sequential design
to reduce the time required to bring a prosthetic heart valve
to market, helping to ensure that patients and clinicians
have access to the latest devices in less time.44 Clinical trials involving prosthetic heart valves are typically based on a
set of objective performance criteria for certain late adverse
event rates. The objective performance criteria were defined
under the guidance of the US Food and Drug Administration.
This sequential design alternative allows for the possibility
of stopping the trial early.

Adaptive randomized trials
The objective is to maximize the total number of patients
receiving the best treatment (Table 2). Thus, at the start of
the trial patients are randomized with a ratio 1:1 in each arm,
but as the results start to show a difference between the treatments, this ratio is modified in favor of the group receiving
the treatment that seems to be more effective.43 These trials
are based on achieving interim analyses. The experimental
design can be changed depending on the results obtained
during the interim analysis.45 Possible adjustments relate to
the re-evaluation of the number of patients required for the
endpoint and the addition or deletion of interim analyses.42
The adaptive trial may be constructed in two or more
stages.45 During a two-stage trial, at first, a sample of size
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Table 2 Adaptative methods
Design

Principle

Advantages

Disadvantages

Adaptive randomization
trials

• Interim analysis
• Adjustments are possible, related to the ratio
of randomization or the re-evaluation of the
number of patients required or interim analysis
• Combining prior information with information
from the ongoing trial
• A priori information is supplied by the
literature or expert opinions

• Reduces the number
of patients needed
• Greater flexibility

• Logistical constraints
• Independent data monitoring committee
• Internal validity has also been called into
question
• Risk of taking into account arbitrary and
erroneous prior information

Bayesian methods

N1 is selected. Depending on the results, the study can be
interrupted. It is necessary to establish an independent data
monitoring committee that will decide on the adaptations,
whether to adapt the number of patients required, and whether
to proceed or not with new inclusions.42,45 An adaptive trial
implies greater logistical constraints,45 and the outcome
endpoint should be simple and unique.41 Adaptive trials
allow for greater flexibility and a reduction in the number
of patients required. However, the internal validity of these
trials has been called into question, and they could have the
same disadvantage as historical controlled trials.36,41 They
have been judged no more interesting than sequential trials
according to some authors.41,45,46 This type of trial could be
interesting in the context of techniques requiring a learning
curve or new MDs.

• Greater flexibility
• Reduces the number
of patients needed

disadvantage is that arbitrary and erroneous prior information
can be taken into account, which can substantially influence
the final result. This would be similar to including in a metaanalysis a large biased study in favor of the treatment, which
would fully compensate for the results of a small unbiased
study. In 2010, an RCT using Bayesian methods compared
antiarrhythmic drugs with radiofrequency ablation for the
treatment of paroxysmal atrial fibrillation.52 The maximum
number of subjects required was estimated at 230 patients.
Bayesian interim analyses were planned for 150, 175, and
200 patients. The trial was stopped at 150 patients because
the Bayesian interim analysis showed a predictive probability
of success with radiofrequency ablation of 99.9% above the
threshold set by the protocol.

Bayesian methods

Comparative non-randomized
observational studies

Bayesian methods can be used as alternatives to conventional
sequential methods (Table 2).47 In a conventional RCT,
data from previous studies are used when the trial is being
designed. Subsequently, only information collected during
the trial is used. By contrast, the Bayesian approach combines
prior information with information from the ongoing trial.47
It uses existing data, which may be obtained from the literature. Some publications argue that it is even possible to use
expert opinions by modelling them. From Bayes’ theorem,
posterior probabilities are estimated using data from the
ongoing trial, which are conditional on prior information.47
The Bayesian estimation provides not a confidence interval
but a credible interval based on the posterior distribution.47
Unlike the so-called “frequentist” approach, there are no
statistical tests but results with a 95% credible interval.
These methods provide some flexibility and can be used
in the test by performing adaptive interim analysis.48 The
use of Bayesian methods is recommended for the clinical
evaluation of MDs.48–51 The advantage of these methods lies
in the reduction of the number of patients required, which is
particularly interesting for small target populations. The main

This type of study should be used under circumstances where
it is impossible to conduct an RCT. The choice of an observational study should remain the exception. Observational
studies offer lower-quality evidence than RCTs.
Prospective comparative non-randomized studies involve
comparing the incidence of an endpoint in a group receiving
procedure A with that in a group not receiving procedure A.
The distribution of patients in each group is not determined
by the investigator. It is simply observed data. This type of
study does not guarantee that the two groups will be comparable on other variables, especially variables that have
not been measured, and cannot conclude causality in terms
of the superiority of one treatment over another. The only
authorized conclusion is that a difference between the two
treatments is observed. To reduce the risk of confounding
bias, the propensity score was developed.53 The propensity
score is defined as the conditional probability of a patient
receiving treatment A rather than treatment B given his/her
baseline characteristics (propensity to receive one treatment
according to characteristics). The objective is to balance
the distribution of covariates (age, sex, comorbidities, etc)
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between the two groups so as to neutralize confounding
factors.53,54 The comparison between the two groups is
made within the same propensity score category.53 Once
established, the propensity score can be used for purposes
of matching, stratifying, adjusting, or weighting.55,56 The
propensity score can only be calculated for collected variables57 with the risk of getting non-comparable groups,57 and
a sensitivity analysis can identify potential hidden bias.58
A systematic review that compared the results of RCTs
with those of observational studies using propensity score
on the various treatments during acute coronary syndromes
has been published.59 Overall, observational studies report a
greater amount of effect for long-term mortality than RCTs.
It should be noted that only one RCT among ten reported
significant results while nine out of ten observational studies
reported statistically significant results.

Discussion
This review of the different existing methodologies shows
that favorable conditions exist for the clinical development
of new MDs. Any medical progress is inconceivable without
comparison with existing treatment. This is the only way
to confirm that the new MD improves the health of patients
compared with conventional treatment. Conducting a comparative trial should become the norm for all new high-risk
MDs. Obviously, a company is interested in carrying out
a comparative trial only if it considers that its MD can
contribute to medical progress. Conducting a high quality
trial is a constraint, but ultimately it is an investment for the
future and carries the value of insurance by showing that
the new MD can be a more effective treatment alternative.
Contrary to what one may read, a comparative trial does not
constitute a barrier to innovation. The demonstration from
a clinical study of interest to patients enhances an innovative MD. Actually a clinical trial is costly, but this is not an
obstacle to innovation. This is an investment for the future

for patients. The different experimental designs adapted to
small target populations, technological changes, and learning
curves are available.
Depending on the circumstances, one or more experimental designs can be offered to assist developers or manufacturers. They depend on the characteristics of the MD and the
acceptability to patients or physicians. When an MD requires
rapid technological change, in early clinical development,
several experimental designs (Table 3) such as adaptive
randomization trials or Bayesian methods can be proposed.
When the target population is small, Bayesian methods are
appropriate as are cross-over trials providing that the disease studied is stable and that the outcome endpoint can be
repeated. Finally, a sequential trial may be considered. When
the MD carries potentially serious adverse effects, sequential
trials allow the study to be stopped early.
Medical eligibility is essential for the success of a trial and
especially when the technique influences the result or when
the techniques are very different or when a learning curve is
required. Expertise-based randomized trials are appropriate
to overcome such problems (Table 3). Under some circumstances, cluster randomized trials could be used.
Problems concerning patient acceptability may arise when
the comparator is an invasive technique or the technique is
already widely known. In these circumstances, Zelen’s design
is suitable to promote patient acceptability (Table 3).
Following this review of different experimental designs,
the role of observational studies in the clinical development
of a new high-risk MD is very small. Observational studies
cannot guarantee the absence of bias even when the methodology is rigorous. Interpretations of this type in demonstrating
the superiority of the new MD compared with the reference
treatment are more limited. Observational studies may be
proposed only when an RCT is not possible. However,
an observational study is still better than no study at all to
demonstrate the efficacy of a new MD.

Table 3 Experimental design according to characteristics of the medical devices
Technological
changes
Zelen’s design
Expertise-based
randomized trials
Cross-over trials

Small
population

Adverse
events

Yes
Yes
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Yes

Adaptive randomization
trials
Sequential trials

Yes

Bayesian methods

Yes

Yes
Yes

submit your manuscript | www.dovepress.com

Dovepress

Acceptability
to patients
Yes

Cluster randomized trials
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Medical
acceptability

Yes

Yes
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All of the methods exist to carry out a clinical evaluation
of a new MD. However, the support and training of a developer or company is necessary. These methods are far less
well-known than conventional trials. The implementation of
a trial is a constraint in terms of organization and costs. But
it is worth considering spending a little time at the beginning
of clinical development in order to achieve a high quality trial
soundly demonstrating efficacy. This investment will make it
possible to evaluate the new MD and to demonstrate medical progress. Ultimately, the public authorities will be less
reluctant to cover the costs of such MDs. A new paradigm
may be considered if the company carries out a clinical trial
of quality with the highest level of evidence.
In conclusion, a conventional RCT is applicable in many
situations. The diversity and heterogeneity of situations mean
that these conventional trials cannot always be applied to the
clinical development of some high-risk MDs. To meet these
challenges, this paper proposes a toolkit to allow everyone
to find an answer to his/her problem.
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