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ABSTRACT The objective of this mini-review is to discuss the role of real-world studies as a source of
clinical evidence when experimental studies, such as randomised controlled trials (RCTs), are not available.
Waiting for RCT evidence when the technology is diffusing could be anti-economical, inefficient from the
policy perspective and methodologically questionable.

We explain how real-world studies could provide relevant evidence to decision makers. Matching
techniques are discussed as a viable solution for bias reduction.

We describe a case study concerning a cost-effectiveness analysis based on real-world data of a
technology already in use: Mitraclip combined with medical therapy versus medical therapy alone in
patients with moderate-to-severe mitral regurgitation. The CEA has encountered the scepticism of most
reviewers, due not to the statistical methodology but to the fact that the study was observational and not
experimental. Editors and reviewers converged in considering real-world economic evaluations premature
in the absence of a RCT, even if in the meantime the technology had been implanted >30000 times. We
believe there is a need to acknowledge the importance of real-world studies, and engage the scientific
community in the promotion and use of clinical evidence produced through observational studies.

@ERSpublications
Real-world data are a valid complement and/or alternative to RCTs to support policy decisions
on medical devices http://ow.ly/SHsZ300pfCB

Introduction
Limited resources and limitless health needs require policy makers to choose amongst several treatment
options and to prioritise technological innovations. Economic evaluation analysis in healthcare are
consolidated practices in most countries (www.inahta.org), and serve to support the decision-making
process to formulate evidence-based guidelines, and adopt or reject recommendations.

In the last few decades, the faster escalation of technologies other than drugs (e.g. diagnostics and medical
devices), representing >10000 patent applications filed in 2012 to the European Patent Office versus ∼5400
applications filed for drugs and ∼5300 for biotechnologies [1], convinced health analysts that economic
evaluation methods and techniques, originally developed with pharmaceuticals in mind, may not always be
appropriate to assess technologies with several different characteristics. Six reasons that make the
assessment of medical devices more challenging than that of drugs have been identified [2]. Further work
has focussed mainly on one of these six reasons, i.e. the source and role of clinical evidence [3]. In some
cases, experimental clinical studies for medical devices (i.e. randomised controlled studies) are difficult,
impossible or unethical. Randomising patients to invasive surgeries is always a challenge when the
alternative is noninvasive treatments. For the same reason, blinding might not be possible. Randomisation
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is not ethical when large differences have already emerged between the new device and the standard of
care. This may occur because current regulation of medical devices (European directives 90/385/EEC,
93/42/EEC, 98/79/EC and 2007/47/EC) allows their use in clinical practice well before, or in the absence
of, any experimental clinical study. Moreover, health outcomes of procedures with medical devices
(e.g. surgical procedures and implantable medical devices) highly depend upon end-users’ experience,
which makes the time of assessment crucial for medical devices, as eloquently explained by Buxton’s law:
“it is always too early […] until, unfortunately, it is suddenly too late” [4].

There is increasing recognition that, in the case of medical devices, experimental clinical studies might be less
relevant than real-world data to making policy decisions on, for example, reimbursement and coverage [5].

Since the early diffusion of medical devices generally precedes formal health technology assessment (HTA)
recommendations and, if at all, experimental evidence, decision making cannot ignore that some
physicians’ and healthcare organisations are already familiar with the technology. Given this framework,
the questions therefore become, can we decide on coverage and reimbursement of new devices in the
absence of randomised controlled trial (RCT) data? Are real-world data accumulated on the new device
usable to inform decision making? If so, under which circumstances? The answer to these questions is yes,
provided real-world data are robustly analysed and elaborated, because there is no other option unless we
prevent end-users from using new devices until experimental evidence makes itself available, if ever.

The objective of this mini-review is to discuss the role and use of experimental and real-world evidence to
support the healthcare-related decision-making process as to the allocation of scarce resources (i.e. in the
HTA of medical devices).

Under certain conditions, real-world studies can provide relevant evidence to decision makers, even in
absence of RCTs, therefore becoming not only a complementary source of evidence but also a low-cost,
rapid and valuable substitute for technologies whose diffusion process has already started. To this purpose,
we use a case study concerning a cost-effectiveness analysis (CEA) based on real-world data of a
technology already in use. The case study is about the CEA of Mitraclip (Abbott Vascular, Menlo Park,
CA, USA) versus optimal medical therapy (OMT) in patients with moderate-to-severe mitral regurgitation.
Although some RCTs on the Mitraclip procedure are available, none published so far compared it with
medical therapy alone, which resulted as the only appropriate comparator. In order to reach its objective,
this mini-review is organised as follows. In the next section, we explain under what circumstances
real-world studies can be helpful in addition to or instead of experimental studies. We then illustrate
current available methods to control for selection bias, i.e. the most important weakness of real-world
studies. The case of Mitraclip is used to exemplify one of our suggested methods, propensity score-based
regression adjustment.

The role of real-world studies as a source of clinical evidence
The gold-standard research designs, such as systematic reviews and meta-analysis, double-blind controlled
trials, and cohort prospective studies, often cannot offer prompt information to decision makers. Often,
medical devices are under assessment by governments and HTA organisations while diffusing in medical
practice. A common challenge for most countries is therefore finding the appropriate balance between
assessing the efficacy and safety on the one hand, and allowing rapid access to patients on the other [3].

The European Forum “Relative Effectiveness” Working group has defined real-world studies as “a measure
in understanding health care data collected under real life practice circumstances” [6] and at the payer
level, a real-life study has been defined as “anything that is not interventional”. Real-world studies are
increasingly recognised as a valuable source of clinical evidence [5, 7, 8], especially when clinical trials are
either not available, difficult to realise, unethical or available but not providing a clear aid for decision
making, lacking a deep understanding of a drug or device implications on current management in a
specific real-life setting [5, 7–10].

Clinical evidence for devices can vary notably due to differences in providers’ training, and users’ skills
and experiences [2]. Real-world studies can monitor variations in clinical evidence over time, accounting
for a learning curve, and across different users, with multicentre research designs.

From this, real-world studies are likely to provide prompter and more relevant information for decision
makers than RCTs. In other words, if the design of RCTs remains the gold standard for identifying the
causal relationship between the use of a technology and a variation in the clinical conditions of patients
(something that a real-world study will never replace), real-world studies might be preferred when: 1) the
effectiveness of a technology is likely to differ largely from its efficacy due to use-specific effects, like
the presence of a learning curve that dramatically impacts patient selection and health outcomes; 2) the
realisation of an experimental study does not grant the elimination of biases from selection or awareness
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(lack of blinding); 3) the regulation of the technology makes its diffusion in clinical practice not binding to
experimental studies, which compels decision-makers to decide upon other evidence; 4) the RCT does not
provide an acceptable representation of the economic consequences of use (e.g. protocol-driven
consumption of resources for implantations and follow-ups hugely differ from actual clinical practice); and
5) the technology is constantly improving. Innovation of medical devices is often incremental, which
makes repeated RCTs simply unbearable.

The possible sources of real-world data (databases, surveys, patient chart reviews, pragmatic clinical trials,
observational data from cohort studies, and registries prospectively collecting information and then
retrospectively analysing patients’ data per specific centre and given conditions) and the phases when
real-world studies can support decision-making process of multiple stakeholders are different before the
launch at the early development stage, when demonstrating the value, and at and after the launch to
support clinical practice.

Real-world studies and selection bias: is there any chance of escaping it?
Often, real-world studies have been accused of suffering of different types of bias leading to erroneous
results. One of the main reasons for selection bias in real-world studies is the allocation of patients to
either the treatment or the control group that is not random, and can therefore be dependent on patients’
observable baseline characteristics and on unobservable factors like tacit component of clinical knowledge,
i.e. a mix of holistic evaluation, medical experience and the intuition of physicians. As a consequence, the
observed outcome can be endogenous with respect to the selection of the treatment and the control group.
Nevertheless, several techniques have been applied to reduce the impact of selection bias like multivariate
regression or nonparametric techniques based on the propensity score (the ex ante probability that a
patient is assigned to treatment given their baseline characteristics). The goal of all propensity-score
methods is to achieve a balance in observed covariates for the treated and control subjects [11, 12].
Among the main methods, two are particularly important: propensity score matching and propensity
score-based regression adjustment. The former is a nonparametric method where the propensity score
(logit or probit post-estimation of the ex ante probability of being treated) is used to group individuals
into small groups and compare their outcome. After having compared the outcome of small groups
(difference between the outcome of treated and untreated patients), the average difference is calculated and
tested for significance [11]. As ROSENBAUM and RUBIN [13] stated in 1985, matched sampling is a method
for selecting units from a large reservoir of potential controls to produce a control group of modest size
that is similar to a treated group with respect to the distribution of observed covariates. Matching on the
propensity score is a parsimonious way to reduce selection bias deriving from observational factors, only
leaving space for selection bias based on unobservable factors. Some studies have discussed the contingent
convenience of the specific matching technique [14–18]. The latter uses the propensity score as a covariate
in the standard regression: in this way, a covariate in the regression adjusts the estimation for potential
selection bias. Matching is not the only way of using propensity scores. In fact, regression adjustment and
weighting are other techniques used to reduce selection bias [19]. This mini-review will focus on the
general characteristics of bias reduction techniques that allow real-world studies to provide sound evidence
that is qualitatively different from that of RCTs but often more useful and timely [20–22].

Table 1 describes in details the main differences between RCTs and real-world studies as to pros and cons
of different sources of clinical evidence. In synthesis, real-world studies can substantially reduce the bias
due to the lack of randomisation through matching techniques and can provide additional benefits to or in
absence of RCTs, i.e. when RCTs are unethical, not possible or difficult to conduct [2], accounting for the
learning curve, adhering to real-world clinical practice, implying cheaper and easier data collection
methods, often relying on large existing samples, raising fewer ethical issues, and with research protocols
potentially able to provide timely evidence to decision makers.

Policy makers are in fact supporting the use of real-world studies as a way to manage uncertainty and take
locally grounded reimbursement decisions. Many countries have expressed commitment to considering the
real value provided by new treatments so that effectiveness assessments can notably contribute to a new
drug or device’s market success through coverage and reimbursement decisions. Finally, members of the
scientific community have also started to compare the evidence generated through real-world studies with
RCTs, finding that “observational studies using [propensity score] methods produce treatment effect
estimates that are of more extreme magnitude compared with those from RCTs, although the differences
are rarely statistically significant” [24].

The case of Mitraclip
Mitraclip is an implantable device (“clip”) launched in 2008 allowing a fully percutaneous approach to
mitral regurgitation. Four trials exist: COAPT, ISAR-CLIP, RESHAPE-HF and EVEREST II. The latter is
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the first RCT assessing Mitraclip’s efficacy versus conventional mitral valve surgery. Only one RCT
(ISAR-CLIP) has reached its conclusion while the others have only released preliminary data. To keep
collecting safety and effectiveness data, two registries were created and linked to the EVEREST
trials: EVEREST II High Risk Registry and EVEREST II REALISM–High Risk. The technology started
being implanted as early as 2008 (well before the publication of the first trials in 2012). In 2013, 8000

TABLE 1 Randomised clinical trials (RCTs) and real-world (RW) studies: pros and cons

Key element RCTs RW studies

Learning curve Not considered
Impacts can be biased if the protocol enhances
the standardisation of the intervention

Can be controlled if the initial experience of the
physician is known

Could be useful to start data collection from the first
intervention

Selection bias Not applicable by design
Nevertheless, some open-label studies allow patients
to self-select

In this case, it is possible to generate selection bias
However, in the latter case, selection bias is seldom
discussed in the study

The most relevant issue
Appropriate data collection and statistical procedures
can significantly reduce it

Bias reduction can be measured and reported

Adherence to the real
clinical practice

No: if the RCT’s protocol serves to determine if a
causal relationship between the technological
innovation use and outcomes exists, it is often too
distant from actual practice, especially in terms of
patients’ selection criteria and treatment protocol

Yes

Comparator Head-to-head trials are not mandatory and placebo is
often used

This has increased the use of ex-post indirect
comparisons (i.e. network meta-analysis) that often
lead to opposite recommendations [23]

Always a direct comparator, used in real clinical
practice (normally standard of care)

Costs Generally high
It may increase when replications are needed
due to versioning

Low if the study is retrospective
Comparable to an RCT if the study is prospective

Ethical issues Requires approval by ethical committees because
it alters clinical practice

Clinical practice is not altered and ethical issues
mostly regard patients’ privacy

Economic evaluation Feasible ex-post
Seldom, costs are also collected during the
experimental phase but often irrelevant since
protocol driven

Feasible in parallel for prospective studies
For retrospective studies, costs are collected ex-post
(however, the costs reflect clinical practice closer
than in the case of RCTs)

Sample Minimum required by the expected magnitude
of the effect

Large
Depending on the statistical requirements,
a RW analysis may need many observations (because
many observations might be lost if common support
is imposed by PSM) or data regarding the period
prior to the intervention (difference-in-differences)

Time to results It depends on the protocol Depends on the protocol (prospective studies)
Short for retrospective studies
Ideal for follow-up studies

Internal validity High Always inferior to RCTs
However, appropriate study design and statistical
methods can substantially increase RW study
internal validity

External validity Low
The conditions of the RCT do not reflect those where
the policy decision would apply

High
The conditions of RW studies reflect routine practice

PSM: propensity score matching.
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patients were treated with Mitraclip in 40 countries [25, 26]. In the same year, Italy accounted for >12% of
all implants, with a growth rate from 2009 to 2013 of 1260% [26]. In 2016, the total number of implants
worldwide has more than doubled to 30000 (Abbott Vascular; personal communication).

The high-risk study [27], based on EVEREST II, suggested that the technology was most effective when
used for high-risk patients not eligible for surgery who would otherwise have been treated with medical
care only. Therefore, the end-user should consider Mitraclip as an option when surgery is impossible. To
the clinical efficacy, the policy maker needs to add the economic efficiency by estimating the cost per unit
of effectiveness of such therapeutic option. A CEA [28] based on the high-risk study was the first attempt
to help policy makers decide about Mitraclip reimbursement. However, a trial-based economic evaluation
carried out when the technology is already in a post-adoption phase of diffusion fails to provide the
policymaker with a credible representation of the reality: first, the high-risk trial compared Mitraclip
(n=76) with a mix of medical management (n=33) and mitral valve surgery (n=5); second, the sample was
considerably small and the obtained effect (76% 12-month survival in the treatment arm compared to
55% in the control arm) is not univocally referred to any of the comparators; third, the economic
evaluation necessarily reflected an experimental design, thus failing to exploit the existing amount of
observable evidence generated by >5 years of use in the clinical practice, with particular reference to the
actual side-therapies and to the variation of effectiveness due to use-specific aspects. Despite the
impressive use of the technology, as of today, only a few European governments and HTA bodies have
explicitly issued a recommendation on coverage and reimbursement of Mitraclip: in the UK, the National
Institute for Health and Care Excellence [29] advised not to fund Mitraclip routinely because of a lack of
quality evidence; the Ludwig Boltzmann Institute in Austria [30] also suggested a negative
recommendation due to lack of evidence; Osteba in Spain, despite underlining a low level of evidence,
instead made a positive recommendation to include Mitraclip in the national health basket for high
surgical risk patients currently undergoing medical therapy and presenting defined characteristics [31].

For this reason, a study group composed of health economists, cardiologists and cardiosurgeons has
carried out an economic evaluation of Mitraclip combined with medical therapy versus medical therapy
alone in patients with moderate/severe mitral regurgitation and advanced heart failure [32]. The research
team accepted the challenge of a real-world CEA. Since no data were collected with the intention of
conducting an economic evaluation, a database had to be built putting together the set of clinical records
of patients who received Mitraclip in two Italian centres at the time the study was initiated (n=232) and a
sample of patients eligible for Mitraclip but who did not receive it (n=151) from the Italian Network on
Acute and Chronic Heart Failure registry, a database promoted by the ANMCO (Italian Association of
Hospital Cardiologists). Records of both the treatment and control groups were complete and detailed, and
assumptions were made only for utility weights that were extracted from the literature for the inclusion of
general age-related mortality in the Markov model and for some minor details regarding the causes of
re-hospitalisations during the follow-up period. The two groups showed important differences at baseline,
thus supporting the existence of selection bias. In a previous version of the manuscript, we adopted an
unusual yet plausible approach, where the propensity score was estimated through a probit regression and
used to match patients based on a 2/1 ratio. The idea was to exploit the data of the investigational group,
similar to the randomisation approach of EVEREST II trial, using the same ratio. However, we recognised
that using a propensity score for matching may have limited the power of the comparison. Indeed, when
the sample size is medium, as in our case, using a propensity score for adjustment rather than for
matching purposes may have been more instrumental in preserving the power of the comparison while
addressing the impact of identified confounders [33]. For these reasons, we decided to use a different
adjustment approach for our comparison. In particular, we re-calculated the propensity score and used it
as a covariate in a Cox proportional hazard regression. In this way, we maintained the number of patients
in the original groups, reducing the possibility of Type II error (i.e. false-negative results). Notably, our
results for the main clinical outcome of interest (survival) did not change compared with the previous
version of the manuscript and thereby did not influence significantly the outcomes of the CEA where
survival is just one piece of the puzzle. Since the propensity score showed a good ability to control
confounding (c-statistic >0.8), the regression adjustment was able to significantly reduce the component of
selection bias relative to observable factors. The selection bias relative to unobservable factors, instead,
remained in the data as a noneliminable bias. Several journals rejected the paper based on this limitation
(i.e. the inherent difference between an RCT and an observational study), arguing that in the absence of
experimental evidence, an economic evaluation was premature.

In brief, the scientific community showed a negative position towards the acceptance of a real-world study.
Cost-effectiveness, according to reviewers, is reliable if based upon experimental evidence, although the
latter has not been claimed to implant the device. No one agreed to consider observational evidence
different but not inferior to experimental evidence with respect to the objective of the evaluation. For
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policy decisions (e.g. coverage and reimbursement), external validity, adherence to real clinical practice and
prompt evidence (real-world studies) are as valuable as internal validity (RCTs), and certainly more
relevant than experimental study designs.

Discussion and conclusions
Innovation of medical devices is different enough from other technologies, namely drugs, to require different
approaches to be assessed. Large investments in research are being made by several stakeholders, including
the European Union (www.medtechta.eu/wps/wcm/connect/Site/MedtecHTA/Home, www.adhophta.eu
and www.advance-hta.eu), to deepen our knowledge on current methods for assessing medical devices,
especially dealing with clinical evidence. The debate on regulation of medical devices has very often focussed
on the type and role of clinical evidence [3, 34–36]. Clinical evidence for medical devices is often more
challenging to collect through traditional experimental studies such as RCTs and, although RCTs rank high
in terms of internal validity, other sources of data can be relevant and reliable to take policy decisions [37],
especially when the adoption and diffusion of new devices largely precede any RCTs. Real-world data
represent a valid complement and/or alternative to RCTs when the latter are unable to measure the intrinsic
characteristics (e.g. learning curve, incremental innovation, organisational impact and price dynamics) of
medical devices and to estimate their impact on the final decisions in terms of coverage and reimbursement.
Nevertheless, real-world data are not problem-free and selection bias can invalidate the final results if not
correctly handled. There are several statistical techniques proven to be effective to reduce selection bias and
extensively used in this field [19–22].

Our CEA analysis of Mitraclip plus OMT versus OMT alone made use of propensity score-based
regression adjustment to inform decision-makers, including clinicians, as to whether its incremental costs
outweigh incremental effectiveness [31].

Clinical evidence drawn from real-world studies will never be as reliable as that drawn from a perfect RCT
in identifying the causal relationship between intervention and changes in clinical conditions. However,
when RCTs are not possible or there is the potential to alter the randomisation because blinding is not
possible, their internal validity is lower and there is no reason to argue that the selection bias reintroduced
in this way is less severe than that inherent in real-world studies.

Real-world studies do not aim to show whether a technology works but, instead, if it can work in actual
clinical practice. From a policy perspective, the message of a real-world study is different but not inferior
to the message of a RCT. Policy makers should assess whether the technology is worth investing
(incremental clinical value coupled with sustainability) and should, therefore, be more concerned with
evidence produced in real settings rather than experimental ones.

Comparative RCTs for medical devices often follow the product’s launch and may be available after a
considerable amount of time. However, this does not delay the diffusion process, which means that
real-world data can be collected and promptly assessed in the meantime so to support policy makers to
provide recommendations, although not necessarily conclusive at first instance (e.g. coverage with evidence
development), to control diffusion while waiting for additional evidence. If, conversely, HTA and policy
recommendations are not timely, the risk is that they might be ineffective or less incisive since when they
become available, the technology has already been integrated in clinical practice. Finally, we believe there is
a need to acknowledge the importance of real-world studies and engage the scientific community,
especially those physicians keen to adopt innovative technologies, in the promotion and use of clinical
evidence produced through observational studies.

If, in the absence of RCTs, we do not believe in methodologically sound real-world data to produce
clinical and economic recommendations on technological innovations, how can we dare to implant even
one of these innovations in real patients?
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