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Abstract

Randomized controlled trials (RCTs) are the cornerstone of modern evidence-based medicine. They are considered
essential to establish definitive evidence of efficacy and safety for new drugs, and whenever possible they should
also be the preferred method for investigating new high-risk medical devices. Well-designed studies robustly inform
clinical practice guidelines and decision-making, but administrative obstacles have made it increasingly difficult

to conduct informative RCTs. The obstacles are compounded for RCTs of high-risk medical devices by extra costs
related to the interventional procedure that is needed to implant the device, challenges with willingness to ran-
domize patients throughout a trial, and difficulties in ensuring proper blinding even with sham procedures. One
strategy that may help is to promote the wider use of simpler and more streamlined RCTs using data that are col-
lected routinely during healthcare delivery. Recent large simple RCTs have successfully compared the performance
of drugs and of high-risk medical devices, against alternative treatments; they enrolled many patients in a short time,
limited costs, and improved efficiency, while also achieving major impact. From a task conducted within the CORE-
MD project, we report from our combined experience of designing and conducting large pharmaceutical trials dur-
ing the COVID-19 pandemic, and of planning and coordinating large registry-based RCTs of cardiovascular devices.
We summarize the essential principles and utility of large simple RCTs, likely applicable to all interventions but espe-
cially in order to promote their wider adoption to evaluate new medical devices.

Key points/Highlights

- Large simple RCTs of drugs and medical devices are feasible and may be simplified using modern IT infrastructure
and technology.

- RCTs need to be adequately large in order to get reliable answers to their clinical questions.

+ RCTs need to be efficient by minimizing additional work for patients and doctors in order to ensure that adequate
numbers (and ideally, diversity) of patients are enrolled.

« RCTs need to focus information on important clinical outcomes.
- Use of clinical registries, platform, or other methods can help achieve these goals.
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Introduction

Randomized clinical trials (RCTs) provide the foundation
of evidence-based medicine [1]. Randomly assigning par-
ticipants to different therapeutic strategies is the best way
to minimize sources of bias and allows inference of cau-
sality between interventions and their clinical outcomes
[2, 3]. Well-designed and accurately conducted RCTs
robustly inform clinical practice guidelines and decision-
making processes, but barriers to their conduct include
high costs related to excessive complexity in the gov-
ernance of trials, and limited generalizability to patients
receiving the intervention in daily clinical practice when
only highly selected cohorts of patients are studied [4].
Large simple RCTs including a more representative
patient population can address both problems.

The Medical Device Regulation (MDR) that came into
effect in the European Union (EU) in May 2021 provides
a regulatory framework that aims to balance the efficient
approval of new medical devices (or technical iterations
of existing devices) with demonstration of their safety.
It requires evidence to be presented in a Clinical Evalu-
ation Report (CER) that supports the intended use and
safety of a medical device, before market approval, and
then periodic reports on safety to be submitted thereaf-
ter [5]. The MDR imposes higher standards for generat-
ing and assessing evidence on the performance and safety
of high-risk medical devices (class III and implantable
devices) than was required under the previous medi-
cal device directives, and it specifies in particular that
“clinical investigations shall be performed for implantable
and other high-risk medical devices” [6]. However, more
specific methodological aspects of clinical investigations
(i.e., type and/or design of studies) are not addressed in
detail in the MDR. This creates uncertainty about what
is considered sufficient clinical evidence and which types
of studies are appropriate—particularly for new high-risk
devices, for which there is generally a dearth of informa-
tion [7, 8].

The principles of simplifying the design and avoiding
unnecessary distractions in the conduct of RCTs were
developed many years ago [9]. They have been recon-
firmed for “streamlined” RCTs of drugs [6, 7] and dem-
onstrated to be feasible for conducting large and simple
RCTs of high-risk medical devices [10, 11]. Nowadays,
the increasing availability of routinely collected health-
care data (for example, in registries) and the continuing
development of more powerful information and com-
munication technologies provide new opportunities for
applying these concepts much more widely.

The objectives of the Coordinating Research and Evi-
dence for Medical Devices (CORE-MD) project, led by
the European Society of Cardiology and the European
Federation of National Associations of Orthopaedics and
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Traumatology, are to review methodologies of clinical
investigations and to advise on optimal study designs for
high-risk medical devices [12]. Importantly, members of
the consortium have pioneered the design and conduct of
large, simple RCTs both of drugs and of medical devices.
Sharing knowledge accumulated through that experience
may be useful to apprise others of their unique value and
to foster their wider adoption when obtaining evidence
for regulatory approval. The objectives of this viewpoint
are to identify the basic principles and to summarize the
most important features of large simple RCTs.

Reducing obstacles to performing RCTs

Strict and inflexible (over-) interpretation of the Inter-
national Council for Harmonization (ICH) Good Clini-
cal Practice (GCP) Guidelines has placed ever-increasing
demands on the conduct of RCTs [4]. Although ICH
GCP recommendations are aimed primarily at drug tri-
als, to acquire evidence for licensing, they have been con-
sidered relevant also for trials of medical devices. They
were designed to safeguard patients while promoting the
utility and transparency of RCTs, but now the bureau-
cratic burden imposed on institutions, clinicians, and
research staff is perceived as overwhelming [13, 14]. Gen-
eral standards for RCTs of medical devices (such as ISO
14155:2020) do not differ substantially from ICH GCP
recommendations.

Unnecessary and time-consuming hurdles can discour-
age patients from participating in trials. A lack of interest
in reducing complexity, by actors with a vested interest
in the conduct and oversight of RCTs such as Clinical
Research Organizations, may also limit the design and
conduct of new RCTs [15]. The GCP recommendations
are being revised by ICH (for details see ICH E6 (R3) at
https://www.ich.org/page/efficacy-guidelines), but it is
unclear how much this new guidance will reduce bureau-
cratic obstacles.

Simplifying the conduct of RCTs, without reducing
their quality, is of paramount importance to increase the
number of RCTs being performed and to reduce their
costs [4]. Generating more high-quality clinical evidence
will be useful for regulators, to increase the confidence
and accuracy of their decisions to approve new drugs or
medical devices. It will also benefit patients by uphold-
ing their right to receive treatments that are effective
and safe. Essential principles have been summarized by
the Good Clinical Trials Collaborative (GCTC, link at
https://www.goodtrials.org/) (see Table 1) and are appli-
cable to trials of devices as well as other interventions.
They stress the importance of avoiding unnecessary
distractions during the conduct of RCTs, such as exces-
sive monitoring of data that are not of key relevance,
unnecessarily complex procedures for reporting clinical
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Table 1 Examples of principles, implications, and recommendations from the Good Clinical Trials Collaborative

Principle

Implications

Recommendations regarding:

Relevance and utility

Respect of participants

Collaboration and transparency

Appropriateness for their context

Efficiency and management

Design characteristics of RCTs should be aimed
to resolve important uncertainties about the effects
of a health intervention

Ethical responsibilities regarding participants, future
and current patients, and the public

Practices that contribute to develop trust between all
those involved in an RCT and generalize confidence
in the RCT ecosystem

Ensuring that a trial is set up to be practicable and pro-
duce reliable, actionable results

Competent decision-making and coordinated execu-
tion based on good governance and good trial quality

- Appropriate population

- Robust intervention allocation

- Adequate size

- Blinding and masking of interventions

- Adherence to allocated interventions

- Completeness of follow-up

- Relevant measures of outcomes

- Proportionate, efficient, and reliable capture of data
- Ascertainment of outcomes

- Statistical analysis

- Assessing beneficial and harmful effects of the interven-
tion

- Monitoring emerging information on benefits

and harms

- Appropriate communication

- Relevant consent

- Changing consent

- Implications of changing consent

- Managing the safety of individual participants
- Communication of new information relevant
to the intervention

- Working in partnership with people and communities
- Collaboration among organizations

- Transparency

- Setting and context

- Use of existing resources

- Competent advice and decision-making

- Protecting trial integrity

management

- Planning for success and focusing on issues that matter
- Monitoring, auditing, and inspection of study quality

information and adverse events, and the need for investi-
gators to accomplish redundant administrative processes
[16].

Landmark large simple RCTs of drugs
and interventions
Many different terms have been proposed to describe
study designs and methodologies that share the key fea-
tures of randomization, simplicity in study conduct (lead-
ing to large sample sizes), and efficient management and
data collection (achieved by exploiting existing electronic
platforms and databases, see Fig. 1). The single umbrella
term “large simple trial” covers all these options, includ-
ing platform trials (such as RECOVERY), registry tri-
als (such as TASTE), and nested trials. The conceptual
foundation of a large simple RCT is to make and keep its
design and conduct as streamlined as possible. It should
be inclusive and affordable, and able to provide results
that are widely generalizable to real-life clinical practice
[17-19].

RCTs can be simplified by establishing easier pro-
cesses for collecting information, using short case report
forms and linking with data that are acquired routinely

as part of the delivery of healthcare (including national
databases, claims data, and disease-specific registries)
[20-27]. The feasibility of this approach has been dem-
onstrated in large RCTs of drugs and medical devices [11,
28]; two key examples are the RECOVERY trial, evaluat-
ing drugs for COVID-19, mainly conducted in the UK
[29], and the TASTE trial, evaluating a medical device for
patients with acute myocardial infarction, mainly con-
ducted in Sweden [10, 28].

The RECOVERY trial

During the COVID-19 pandemic, there was an urgent
need for reliable evidence about pharmacological inter-
ventions to treat the effects of the SARS-CoV-2 virus,
but little capacity within front-line hospitals to deliver
research, so the “Randomised Evaluation of COVID-19
Therapy” (RECOVERY) trial was initiated in March 2020
as a platform trial. As of December 2024, it continues to
assess the effects of potential therapies on all-cause mor-
tality in patients hospitalized with COVID-19. The trial
was conceived as a large simple trial drawing heavily on
the example of the second International Studies of Infarct
Survival (ISIS-2) conducted in the 1980s [30]. A key fac-
tor in the success of ISIS-2 was the recognition that by
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Volunteer subject,
or new patient

Recruited into biobank or
other large cohort
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Large simple trial

<€—> Nested trial

|
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Initial medical consultation
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<€—> Nested trial

treatment, procedure

|
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<€—> Registry trial

{

Patient meets eligibility
criteria for a specific trial

Digital platform created
for management of trial

<—> Platform trial

Fig. 1 Variants of large simple trials. Whether the subject is a volunteer or a patient, and however they qualify for a clinical study or trial,

and regardless of the electronic record or computerized database used as the framework for a large simple clinical trial, the essential principles
remain the same. The left-hand column shows the common sequential stages of initial assessment and investigation of a patient; the middle
column illustrates the types of electronic databases into which data from the subject or patient may be entered at each stage; and the right-hand
column lists terminologies commonly applied to trials using those databases. Collectively, these are described as “large, simple trials”

keeping the workload associated with enrolling par-
ticipants into the study to an absolute minimum, it was
possible to embed the trial in the everyday work of busy
hospitals where most heart attack patients are treated.

Using a similar approach, all aspects of the RECOV-
ERY trial were streamlined by design (see Table 2 for
an overview of its key design features) [31]. Simple eli-
gibility criteria include hospitalization with proven or
suspected COVID-19, with the local investigator being
allowed to assess suitability for each of the trial treat-
ments according to local guidelines. The trial was open-
label to enable rapid implementation, and it used a
combination of parallel-group, sequential and factorial
randomizations to assess potential therapies in an adap-
tive design. The primary outcome was all-cause mortal-
ity at 28 days, with secondary outcomes including the
duration of hospital stay, and a composite end-point
of death or need for invasive mechanical ventilation or
extracorporeal membrane oxygenation among patients
not on invasive mechanical ventilation at baseline. Dur-
ing maximum recruitment, 185 hospital sites across the
UK were taking part, and since February 2021 non-UK
sites have been included across seven countries [32].
By April 2023, over 48,000 participants had been ran-
domized to one or more comparison and the trial had
already delivered 13 practice-changing results (see
https://www.recoverytrial.net/).

Data collection by local site staff was minimal. A one-
page electronic case report form (eCRF) is completed at

randomization, and again at the earliest of 28 days later,
hospital discharge, or death. In the UK, data collected
by local sites are supplemented from National Health
Service (NHS) datasets and national registries, using the
NHS number which uniquely identifies each participant.
The linkage of RECOVERY participants to more than 40
national datasets (predominantly coded data collected for
health service planning and reimbursement and National
Registries) aimed to:

1. Ensure complete follow-up information for the main
trial outcomes, even when participants are trans-
ferred for care between hospitals

2. Provide additional baseline characteristics (e.g., eth-
nicity), reducing on-site data collection

3. Enable long-term follow-up of participants beyond
28 days

4. Avoid the need for source data verification, by pro-
viding an independent source of information for the
primary outcome

5. Allow assessment of additional outcomes not cap-
tured by the follow-up eCRF

The TASTE trial

The “Swedish Web-system for Enhancement and
Development of Evidence-based care in Heart dis-
ease Evaluated According to Recommended Thera-
pies” (SWEDEHEART) was launched in 2009 and
collects data consecutively on all patients with different
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cardiac conditions (such as acute or chronic coronary
syndromes, heart valve disease, or cardiac rehabilitation)
who require specialist medical management or interven-
tional or surgical therapies [33].

Patients are informed about their proposed inclusion in
SWEDEHEART when they present to a cardiology ser-
vice, and they are registered using their personal iden-
tification number (PIN), a unique 12-digit number that
each Swedish inhabitant receives at birth or on immigra-
tion into Sweden, mainly for taxation purposes. Written
and verbal information is given but no specific informed
consent is requested at the time of initial registration in
SWEDEHEART, and patients can at any time-point deny
consent for registration as well as opt out during follow-
up. All information collected by caregivers is transferred
directly to a central server located at the Uppsala Clini-
cal Research Center. SWEDEHEART is connected to
the Swedish National Population Registry for obtaining
continuous information on vital status. The PIN may,
after signed informed consent, be used to collect spe-
cific follow-up data by merging study data retrieved from
SWEDEHEART with other national health care registries
(e.g., hospitalization, cause of death, and drug prescrip-
tion registries).

The limitations of using observational data for infer-
ring causality have generated concerns and skepticism
about the reliability of (adjusted) observational findings
using data collected in a registry [34, 35]. For example, in
an exceptional case related to the early evidence of out-
comes from first-generation drug-eluting coronary stents
(DES), adjusted observational findings from the registry
suggested an increased risk of death at 1 year with DES
versus bare metal stents. Excessive reactions to this early
report impacted routine clinical practice [36]. In Sweden,
the clinical use of DES (rather than bare metal stents)
dropped significantly, from about 60% in 2005 to 15%
in 2007 [36]. Initial concerns about an increased risk of
death with DES were not confirmed by long-term results
from RCTs. In other examples, early evidence from
observational data has been confirmed by subsequent
trial results. Well-conducted observational research that
has minimized bias by its design [37] and implemented
appropriate statistical approaches [38] may give more
accurate results than a poorly conducted and underpow-
ered RCT—but a large and well conducted RCT is prefer-
able when possible.

The feasibility and value of using the web infrastruc-
ture of SWEDEHEART to overcome the limitations of
observational data, by randomizing patients to different
treatment strategies or interventions, was demonstrated
in the “Thrombus Aspiration in ST-Elevation Myocardial
Infarction in Scandinavia” (TASTE) trial, which was the
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first (medical device) registry-based randomized clinical
trial or “R-RCT” 28, 39].

TASTE compared the routine manual aspiration of
intracoronary thrombus before percutaneous coronary
intervention (PCI) versus standard PCI without throm-
bus aspiration in patients with acute myocardial infarc-
tion undergoing primary PCI [40]. Thus, it investigated
high-risk medical devices (all CE-marked manual aspira-
tion catheters) used as part of a therapeutic strategy. The
design of TASTE was kept very simple [40] by employing
a minimal set of exclusion criteria and by obtaining the
primary endpoint of all-cause mortality by direct linkage
with the Swedish Population Registry. A minimal admin-
istrative burden was imposed on investigators by using
clinical and follow-up information that was already col-
lected in the SWEDEHEART registry and by avoiding
separate monitoring and adjudication of adverse events
(see Table 2).

Pre-procedural data were registered as patients entered
the PCI lab. The system helped investigators to check
inclusion and exclusion criteria and then randomized
eligible patients within a few seconds. In this acute clini-
cal setting, obtaining a verbal informed consent and
randomizing patients directly at the time of the pro-
cedure was a necessary pre-requisite for the trial to be
conducted successfully. All patients were asked to con-
firm their agreement to participate by providing written
informed consent within 24 h.

All hospitals performing PCI in Sweden, with the addi-
tion of one center in Denmark and one in Iceland, con-
tributed to the screening and randomization of 7244
patients within less than 3 years. Routine thrombus aspi-
ration had no impact on mortality at 30 days or at 1 year
[28, 41], so the findings led to substantial de-implemen-
tation of thrombus aspiration in Sweden (Fig. 2), even
before a class III recommendation for its routine use dur-
ing primary PCI was issued in European guidelines [10].

Principles of large simple RCTs

What lessons can be learned from the RECOVERY and
TASTE trials? The paradigm of using RCTs to assess the
causal effect of an intervention on outcomes, and of using
registries only later for post-market clinical follow-up,
has now substantially shifted [34]. RCTs of drugs in acute
emergency settings such as the ISIS-2 and RECOVERY
trials have similarities with trials of medical devices such
as TASTE. Firstly, they are most likely to be successful in
recruiting large numbers of participants if they are fully
embedded in usual clinical care pathways, for which
a streamlined approach to all aspects of trial design is
essential. Secondly, in contrast to long-term drug trials
in chronic conditions, they are less reliant on long-term
engagement with participants themselves. Instead, high
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Impact of the TASTE trial in Scandinavia

Thrombus aspiration

Before the trial — equipoise

< Uncertainty about the efficacy
and safety of the strategy of
thrombus aspiration during
primary coronary angioplasty
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Before TASTE
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Large registry-based
randomized clinical trial
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After the trial — certainty
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of thrombus aspiration
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Fig. 2 Impact of the first registry-based randomized trial of a medical device. lllustration of the major impact that was achieved by the first
registry-based randomized controlled trial (the TASTE study) [10]. In TASTE, 82% of all potentially eligible patients (in Sweden and Iceland) were
enrolled [25]. This figure shows the percentages of all consecutive patients who had ST-elevation myocardial infarction (i.e, not only those enrolled
in the trial) who received thrombus aspiration, in different Swedish regions before, during, and after the TASTE trial

levels of adherence require effective engagement with
healthcare professionals within the care pathway, and
long-term capture of the occurrence (or, more challeng-
ing, the lack of occurrence) of relevant outcomes—which
makes such trials suitable for remote, decentralized re-
use of healthcare systems data.

“Large and simple” versus “pragmatic” RCTs

The scope and definition of large simple RCTs overlap
with those of “pragmatic” RCTs, potentially making the
additional term redundant. However, while the term
“pragmatic” is now widely used, it specifically refers to
the expectation that pragmatic RCTs closely mimic rou-
tine clinical practice (e.g., delivery mechanisms and RCT
settings) in most or all key elements [42]. Large simple
RCTs are generally, though not necessarily, pragmatic in
nature, as certain elements of their design may diverge
from routine practice. The term “large” is crucial, as this
characteristic is not inherently emphasized in the defini-
tion of a “pragmatic RCT” Being sufficiently and appro-
priately large is essential for RCTs to overcome random
errors and achieve greater precision in estimating treat-
ment effects for important outcomes.

Conduct of large simple trials

Data collected as part of routine healthcare delivery have
been successfully re-used in numerous observational
studies but have not been utilized as extensively in RCTs.
Barriers to the use of healthcare systems data for collect-
ing outcomes in RCTs include:

— Failure to collect sufficient consent to cover data link-
age activities

— Lack of expertise within clinical trial teams for data
engineering

— Challenges related to information governance
(including reluctance to release participants’ identi-
fiers to the coordinating center or sponsor, to allow
linkage with national datasets)

— Concerns from funders and healthcare regulators
about the completeness and accuracy of outcomes
ascertainment

— Lack of national healthcare datasets collated by
organizations with mechanisms to undertake data
linkage

Existing or possible cross-border collaborations (such
as the European Health Data & Evidence Network and
the European Health Data Space) should ensure that
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linkage of healthcare data with national and interna-
tional trial cohorts is prioritized.

Rather than any specific novel aspect of their simpli-
fied study conduct, the efficiency, quality, and chances
of final success of any large simple RCT are enhanced
by applying general principles that guide the design
and conduct of all RCTs (https://www.goodtrials.org/
guidance). These include randomized allocation to an
intervention without foreknowledge of the assigned
treatment, adherence to the randomized intervention,
complete follow-up, and unbiased collection and analy-
sis of outcome data.

Large simple RCTs attempt to minimize unduly
restrictive exclusion criteria, which simplifies and
speeds up enrolment [43]. Larger cohorts of patients
provide more precise estimates of the treatment effect
of an intervention (its internal validity). Broad inclu-
sion criteria may help to ensure that the risk profile of
patients included in large simple RCTs will be similar
to that expected in routine practice (providing exter-
nal validity) [44]. Ideally, all late-phase clinical trials
and certainly all large simple trials should be generaliz-
able to standard clinical practice. In comparison, RCTs
that have been conducted only in well-defined and
restricted cohorts of patients may lack sufficient power
to provide compelling evidence on important clinical
outcomes. There have been many prominent instances
when the results of observational studies and smaller
RCTs have deviated substantially from the findings of
large RCTs (see Table 3).

Small, focused RCTs can generate initial insights into
the efficacy and safety of an intervention using surro-
gate markers to obtain results over shorter duration of
follow-up, and they may help to refine a hypothesis and
inform the design of a subsequent large RCT. Studies of
medical devices during their early development should
ensure that evidence is collected concerning the feasi-
bility of the procedure, protocols for implantation and
use, variability in operator practice, and operator learn-
ing curves. Then, the appropriate type of RCT depends
mainly on the stage of development of the drug or med-
ical device. Initially, it is advisable to assess the value
of a new intervention in small-sized, highly controlled
studies. If the safety and efficacy profile is promising,
then larger confirmatory RCTs should be used to estab-
lish evidence for policy recommendations regarding its
implementation. When conducted well, large simple
RCTs have a greater potential to inform methods for
improving public and population health, due to their
robust external validity and generalizability. Large sim-
ple RCTs will be most efficient when the intervention is
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widely available and can be delivered to a large number
of patients in a short time.

Large simple RCTs of medical devices: feasibility
and challenges

Experience has now confirmed that national registries
can be used successfully as platforms for screening, ran-
domization, and follow-up of patients treated with high-
risk (class III) medical devices [28]. As demonstrated in
TASTE, R-RCTs embedded within an ongoing device
or disease registry are able to enroll large numbers of
patients in a relatively short amount of time, so they
will impact clinical practice [25, 39]. Although medi-
cal devices in lower-risk classes generally do not require
RCTs for market approval, large and simple RCTs may
be feasible for these categories, offering potential advan-
tages such as reduced costs and faster, more comprehen-
sive enrolment.

There may be situations where more detailed informa-
tion about baseline characteristics and technical details
of the index procedure can be important and relevant,
and sometimes more information needs to be collected
about adverse events during follow-up, to define a more
granular composite primary endpoint. To be able to deal
with such issues, technical refinements of the infrastruc-
ture supporting the conduct of R-RCTs have been made.
In the case of SWEDEHEART, the registry provides a
direct link to a computerized R-RCT framework which
is a web application developed by the Uppsala Clini-
cal Research Center. It provides a randomization mod-
ule and a unique link between the patient’s registry file
and the trial electronic data capture system (EDC). The
EDC can thereby collect additional baseline, procedural
and outcomes data from other sources or by direct data
entry. Also, active monitoring and central adjudication of
adverse events have been implemented in contemporary
R-RCTs in Sweden. The R-RCT design concept devel-
oped for TASTE has been used and further developed
in several large R-RCTs of drugs and medical devices,
including a recent double-blind placebo-controlled
R-RCT [45]. These iterations have not affected the con-
ceptual framework of simplifying the conduct of large tri-
als that remains central to the design of R-RCTs, but they
have broadened the landscape of the types and nature of
R-RCTs of medical devices that can be successfully con-
ducted (see Table 4).

Challenges for large simple RCTs of medical devices

The quality of all RCTs depends on the extent to which
bias is avoided in all phases [46], i.e., when allocat-
ing subjects to one of the investigational arms; when
ascertaining, processing, and analyzing outcomes; and
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when ensuring adherence to the allocated intervention
(minimizing cross-over), along with obtaining complete
follow-up data [47]. In RCTs of medical devices, ran-
domization just before a procedure may help to reduce
any risk of cross-overs or non-adherence to the assigned
treatment. Bias may arise if patients or investigators are
aware of the randomized assignment [46], which can
occur if there are major differences between arms in the
nature or intensity of how outcomes are ascertained.
This is much less likely with objectively assessed clinical
outcomes than those that are more subjective, but even
an objectively assessed outcome such as all-cause mor-
tality can be biased if there are differences in complete-
ness of follow-up between the intervention and control
arms (i.e., attrition bias). Follow-up through linkage with
healthcare systems data can help to ensure complete
ascertainment of outcomes, independently of any affect
which knowledge of the treatment allocation might have
on participant engagement with the trial.

Prevalence of the disease

As shown by recent examples, it is easier to design and
conduct large simple RCTs for diseases that are common
or moderately common. Diseases with rarer incidence
pose more challenges if RCTs are needed to test novel
medications and/or devices, requiring a high degree of
internal control and making a simple design difficult to
implement. Further challenges may include the need to
enroll a large number of sites across many countries, with
substantial heterogeneity of routinely collected health-
care data. Screening and recruitment can be facilitated if
there is a specific disease registry, or a broader registry
tracking rarer conditions. The BROKEN-SWEDEHEART
trial, an R-RCT investigating different therapeutic phar-
macological strategies in patients with takotsubo syn-
drome, will provide information about specific challenges
and the likelihood of successful completion for large
R-RCTs in rare pathological conditions [48].

Diversity and inclusivity

Ensuring diversity and inclusivity are important objec-
tives for large simple RCTs. Minimization of exclusion
criteria, a key element in their streamlined design, is
expected to result in the inclusion of a high propor-
tion of eligible patients, including those who belong to
previously underserved groups (who are represented in
health research at lower levels than would be expected
based on population estimates) [49]. Large simple
RCTs are not immune to this risk, however. Concerns
were raised about the under-representation of Black,
Asian, and minority ethnic (BAME) subjects in the
RECOVERY trial [50], although eventually they con-
stituted one-sixth of patients included in the trial. In
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the VALIDATE trial, an R-RCT testing the use of biva-
lirudin versus heparin for anticoagulation of patients
with acute myocardial infarction, differences were
seen between the baseline characteristics of patients
included in the trial, and those who had been screened
and fulfilled inclusion criteria but were not eventually
included [51].

Diversity and inclusivity are complex issues in RCTs.
Regrettably, research on effective strategies to promote
the inclusion of underserved groups remains limited
[52]. Cultural and communicative barriers should be
considered during the design and screening phases and
addressed by, for example, providing informed consent
materials in different languages or specifically training
research staff to support underserved patients.

Blinding using sham procedures

Double-blinding of both patients and investigators is
the ideal approach to remove potential sources of bias
arising from knowledge of the assigned treatment in
RCTs [53]. It is common in pharmacological trials, but
often problematic in RCTs of non-pharmacological
interventions [54]. Blinding of patients in RCTs of med-
ical devices can be ensured by performing a sham pro-
cedure that mimics the active intervention in all aspects
including the route of surgical access, the duration of
the procedure, and any post-procedural diagnostic
assessments [55, 56], but for obvious reasons operators
cannot be blinded. Sometimes information obtained by
medical imaging or the nature of scars can reveal which
type of device has been implanted. To minimize biases,
operator roles should be limited in later RCT activities
such as contacts with patients and the recording of out-
comes. Examples of proper blinding using sham pro-
cedures in RCTs of cardiovascular interventions have
been reported [57].

It is not easy to implement blinding via sham pro-
cedures, however, either in large simple RCTs of
high-risk medical devices or for other surgical inter-
ventions. A sham procedure imposes extra costs and
time, and it deviates from standard clinical practice.
In head-to-head comparisons of different devices that
are implanted using the same procedure (for exam-
ple, comparing different drug-eluting stents during
PCI), single-blinding of patients can be sufficient to
reduce bias. Before the procedure and randomization,
it should be stressed to the patient that he or she will
not receive any information on the type of device that
will be implanted, and afterwards blinding of patients
can be maintained by training and instructing research
staff and by avoiding any specific entry into the clini-
cal records of the type of device that has been used.
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An example of successful implementation of effective
procedures to ensure single-blinding in R-RCTs is the
INFINITY-SWEDEHEART trial (NCT 04562805).

Operator learning curves and selective inclusion of centers
The technical skills of surgeons and other operators can
be improved and refined through performing more inter-
ventions [58, 59]. Learning curves for complex or new
procedures are demonstrated when progressive improve-
ments in efficacy and safety reach a plateau [60]. Ignor-
ing the experience of individual operators during RCTs of
medical devices may lead to inaccurate estimates of the
outcomes of an intervention. Ideally, a device implanted
via a complex procedure should be tested in an RCT once
the technical proficiency of all operators in the study
has reached the plateau phase. Investigations to under-
stand and define learning curves should be encouraged,
and virtual simulation of complex procedures may help
in developing technical standards for operators who will
participate in RCTs [61, 62].

Large simple RCTs of medical devices should there-
fore be conducted once their implantation techniques
have matured and been standardized. Otherwise, start-
ing a large RCT for a new and complex procedure could
expose patients to unnecessary risks and could produce
an unreliable assessment of the value of a new technol-
ogy if compared to existing interventions with which the
operators are familiar. The particular value and optimal
role of large simple RCTs of medical devices, therefore,
can be to investigate iterations of existing medical devices
or to assess new devices that are delivered or implanted
through established procedures (for example, compar-
ing drug-eluting stents that are implanted using standard
techniques).

In conventional industry-funded RCTs of medical
devices, the intervention is generally delivered in a highly
controlled setting in high-volume centers. Outcomes of
a complex intervention using medical devices may be
very different in such specialized centers as compared to
routine clinical care. By expanding the number of cent-
ers participating in a study, large simple RCTs mitigate
the risk of overinterpreting the (proportional) effect of an
intervention before it is transferred to standard clinical
practice.

Willingness to randomize and be randomized

RCTs can be performed ethically when there is genu-
ine uncertainty about the preferred treatment of a spe-
cific disease—namely a state of equipoise [63—65]—but
strong beliefs among investigators and/or patients about
the value of an unproven intervention (novelty bias) may
lead to the selective and unrepresentative inclusion of
patients, for example, from lower-risk categories [66].
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Even worse, strong prior beliefs may make randomiza-
tion impossible if no patients are screened for inclusion.
This aspect is particularly important for RCTs of medi-
cal devices if there is eager anticipation about the value
of an active intervention, leading to reluctance to enroll
subjects or for patients to consent if the comparator arm
involves no device implantation. For these reasons, it is
crucial to share detailed information about the existing
gaps in evidence that lie behind the need to conduct an
RCT, with both investigators and eligible patients.

Where there is a perceived high risk of investigator
bias, leading to a biased presentation of the evidence to
patients, they should be protected from this by training
investigators to present the facts in a neutral way [67]
during the informed consent process, or by substituting
them with trained nurses or computer decision-support
programs [68].

Costs and funding of trials

Trials have substantial costs [69] and performing conven-
tional RCTs has become prohibitively expensive particu-
larly due to resources needed to collect and monitor huge
amounts of data, which sometimes are not even crucial
for the primary outcome of the trial. Data collection
using existing platforms offers potential advantages in
terms of cost, efficiency, and completeness, and critically
it is not dependent on action from participants or site
staff and therefore it is relatively unaffected by knowledge
of the treatment allocation in open-label studies. Cost
reduction has been substantial in RECOVERY; based on
a final expenditure of £20 million for the trial (plus the
cost of the drugs), it has been calculated that the cost per
patient/per answer was less than £40 (about €45).

Despite TASTE being relatively inexpensive (entailing
mainly the standard costs of maintaining the registry),
its findings were consistent with the results of a conven-
tional and significantly more expensive industry-funded
RCT investigating the same research question [70].

High costs are a particular disincentive for creating
essential evidence for medical devices, since substantial
investment is required for their development and testing
as well as for accessing the market [71]. In Europe once a
medical device has obtained the Conformité Européenne
(CE) mark, there are limited incentives for manufactur-
ers to raise the level of supporting evidence by demon-
strating incremental benefit from a new device in a large
pivotal RCT. Fear of negative results, alongside the need
for more investment, can make it impossible or uninter-
esting for companies to strive for better clinical evidence.

The possibility of conducting large simple RCTs of
high-risk medical devices should become less dependent
on, but not uncoupled from, industry funding. Ideally, the
infrastructure of registries required to evaluate medical
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devices should be paid for and maintained by public
institutions or government, while research foundations
and manufacturers should support individual trials. Reg-
ulatory incentives for conducting large RCTs would be
crucial, and rigorous health economic assessments would
be valuable. Demand from the medical community for
reliable data from large RCTs could serve as a powerful
incentive for conducting this type of studies.

In Sweden, many R-RCTs have been financed success-
fully by industry-independent research grants and public
funding [28], while the costs of maintaining the national
quality registries used in R-RCTs are met by the Swed-
ish public health care providers and the government [33].
Economic support by industry partners has been also
used in Swedish R-RCTs of medical devices, for example,
by the free donation of devices and through institutional
research grants.

Conclusions

More efficient methods of generating reliable clinical
data on the safety and performance of drugs and high-
risk medical devices are necessary. Adequate clinical evi-
dence is crucial for supporting regulatory decisions and
for ensuring that market approval is awarded to medical
devices that provide benefits to patients. Whenever pos-
sible, and according to the stage of development, the con-
duct of RCTs should be more strongly supported and in
some cases required by regulatory guidance. Large simple
RCTs can provide robust answers about the performance
and safety of drugs and medical devices, so they should
be encouraged whenever feasible but especially adopted
more widely to evaluate new medical devices.
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