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Aims The difference in the benefit of invasive cardiovascular interventions compared with placebo controls has not been
analysed systematically.

...................................................................................................................................................................................................
Methods
and results

MEDLINE and Web of Science were searched through 29 March 2020. Randomized, placebo-controlled trials of in-
vasive cardiovascular interventions (including catheter-based interventions and pacemaker-like devices) investigating
predefined primary outcomes were included. Standardized mean differences (SMD) and odds ratios were calcu-
lated for continuous and dichotomous outcomes, respectively. Meta-regression analyses were performed to assess
whether estimates of treatment effects were associated with methodological characteristics of trials. Thirty trials,
including 4102 patients, were analysed. The overall risk of bias was judged to be low in only 43% of the trials. Ten
trials (33%) demonstrated statistically significant superiority of invasive interventions over placebo controls for the
respective predefined primary outcomes. In almost half of the 16 trials investigating continuous predefined primary
outcomes, the SMD between the active and placebo procedure indicated a small (n = 4) to moderate (n = 3) treat-
ment effect of active treatment over placebo. In contrast, one trial indicated a small treatment effect in favour of
the placebo procedure. In the remaining trials, there was no relevant treatment effect of active treatment over pla-
cebo. In trials with a protocol-mandated stable and symmetrical use of co-interventions, the superiority of active
procedures vs. invasive placebo procedures was significantly larger as compared with trials with frequent or unbal-
anced changes in co-interventions (P for interaction 0.027).

...................................................................................................................................................................................................
Conclusions The additional treatment effect of invasive cardiovascular interventions compared with placebo controls was small

in most trials.
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Keywords Sham-controlled trials • Percutaneous coronary intervention • Renal denervation • Heart failure

Introduction

In cardiovascular medicine, progress in science and technology have
remarkably reduced the number of deaths from cardiovascular dis-
ease.1 Much of this was related to the development and use of inva-
sive interventions and surgical procedures.1 Objective testing of new
treatments starts with preclinical and first-in-man observational stud-
ies, which are ideally followed by randomized placebo-controlled
trials. However, only a few trials investigating the efficacy and safety
of invasive cardiovascular interventions used placebo controls.2 In
contrast to placebo pills, placebo procedures are invasive and
are thought to be associated with a higher degree of complexity,
including ethical concerns of performing a procedure conferring
an immediate risk of adverse events and potential harm without
potential benefit to the patient.3 As medical devices have received
more public attention due to safety and efficacy issues in recent
years,4 the US Food and Drug Administration (FDA) has called for

placebo-controlled trial designs, whenever ethical and feasible.5

Therefore, we systematically analysed the comparative efficacy and
safety of active cardiovascular interventions and placebo controls.

Methods

Search strategy and definitions
This systematic review and meta-analysis follows the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines.6

We searched MEDLINE and Web of Science for patient- and outcome
assessor-blinded, randomized, placebo-controlled trials of invasive car-
diovascular interventions. An invasive intervention was defined as a pro-
cedure during which a device was percutaneously or surgically inserted
into the body and significantly modified the target-tissue. Trials using an
invasive route only to administer medications (e.g. the intracoronary ap-
plication of antithrombotic drugs or stem cells) or investigating cardiac
resynchronization therapy/implanted cardioverter defibrillators were not
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considered. A placebo procedure was defined as a non-therapeutic, inva-
sive procedure intended to mimic the active treatment as closely as pos-
sible without having a therapeutic effect beyond the placebo effect. All
records through 29 March 2020 were considered, without language
restrictions. Animal and paediatric studies were excluded. Detailed
search terms are outlined in the Supplementary material online, Methods
1. Current clinical practice guidelines, reference lists of original articles,
and review articles were hand-searched to identify further eligible trials
that might have been missed using the search terms. Three reviewers
(L.L., S.E., and S.S.S.) screened all abstracts independently for eligibility.
Full-text articles were reviewed in duplicate by two reviewers (L.L. and
S.S.S.). In the case of disagreement, a third reviewer (F.M.) was consulted,
and disagreements were resolved by consensus.

Data extraction
Details on interventions, methods, patients’ characteristics, length of
follow-up, outcomes, and adverse events were extracted for the active
treatment and the placebo procedure group. The data underlying this art-
icle will be shared on reasonable request to the corresponding author.
Although all primary efficacy and safety outcomes were extracted, only
one predefined primary outcome per trial was included in the main ana-
lysis [for calculation of standardized mean differences (SMD) or odds
ratios (OR)]. If a trial assessed more than one primary outcome, three
reviewers (L.L., S.S.S., and F.M.) independently chose the outcome most
relevant for the specific disease condition. As objective observer-
reported outcomes are thought to be less prone to placebo effects than
private phenomena, observer-reported outcomes were preferred, when

both outcomes were available.7 Objective outcomes included biological
measures such as blood pressure and the documentation of survival or
events, whereas private phenomena were defined as subjective outcomes
that were assessable by the patient only (e.g. the frequency of angina pec-
toris or quality of life).7 Results of intention-to-treat analyses were given
precedence to prevent attrition bias.8 In crossover trials, results from the
first phase were given precedence if reported separately. If data were
missing, the trials’ corresponding authors were contacted.

Risk of bias assessment
Risk of bias was assessed according to the revised Cochrane risk of bias
tool for randomized trials (RoB2).8 Two researchers (L.L. and S.E.)
reviewed the publications and used the templates for randomized
parallel-group and randomized crossover trials.8

Statistical analysis
Owing to the heterogeneity of the study populations, patients’ condi-
tions, primary outcomes, and interventions performed, it was considered
inappropriate to conduct a meta-analysis for all placebo-controlled trials.
However, SMD and OR with the corresponding 95% confidence intervals
were calculated for continuous (e.g. blood pressure) and dichotomous
outcomes [e.g. major adverse cardiovascular events (MACE)], respective-
ly. We standardized estimates so that positive SMDs indicated a benefit
of the active intervention over placebo. Standardized mean differences
were calculated by dividing the between-group difference in mean
changes between baseline and follow-up by the pooled standard devi-
ation of changes, with approximations used, as previously described.9

Figure 1 Flow diagram of trial selection (Preferred Reporting Items for Systematic Reviews and Meta-Analyses 2009).
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The magnitude of the SMDs was interpreted as originally suggested, with
an SMD of 0.20 tentatively considered to be small, 0.50 moderate, and
0.80 large.10 We performed univariable subgroup analyses accompanied
by random-effects meta-regression to test for an interaction between
treatment effects and the following methodological characteristics:
catheter-based intervention, pre-randomization run-in period, cut-off
used to define minimal disease severity, concealment of allocation, blind-
ing of patients, blinding of interventionalists, stable and symmetrical use of
co-interventions, blinding of outcome assessors, assessment of objective
outcomes, and intention-to-treat analysis (see Supplementary material
online, Methods 2 for definitions of criteria for methodological quality).
For these analyses, SMDs were converted to OR, as previously
described.11,12 A two-tailed P-value <0.05 was considered statistically sig-
nificant. Statistical analyses were performed using STATA version 15
(StataCorp LLC, College Station, TX, USA) and GraphPad Prism version
8.2.1 (GraphPad Software, La Jolla, CA, USA).

Results

Description of trials
The search strategy identified 547 publications after duplicates were
removed. Of these, 30 (5%) trials with a total of 4102 participants
(median size of 97.5 patients) were eligible for the systematic review
(Figure 1). Table 1 and Supplementary material online, Table S1 depict
the key features of the included trials. This analysis included trials
from August 2000 until March 2020. In these trials, patients were
treated for angina pectoris or coronary artery disease (n = 10),
hypertension (n = 9), vasovagal syncope (n = 4), chronic heart failure
(n = 3), patent foramen oval suspected of causing migraine (n = 2),
dysfunctional dialysis access grafts (n = 1), and carotid sinus hypersen-
sitivity (n = 1) (Take home figure). Twenty-seven trials (90%) used a
parallel-group design while three trials (10%) were designed as cross-
over trials.

Risk of bias
Figure 2 depicts a summary of the risk of bias, with details on the
rationales for judgments provided in the Supplementary material
online, Results. The overall risk of bias was judged to be low in 13
trials (43%).16,24,28,30–32,34,36,41,42 There were some concerns and a

high risk of bias in 14 (47%) and 3 (10%) trials, respectively. The
interventionalist and outcome assessors were adequately blinded
in only 10 (33%) and 25 (83%) trials, respectively. The underlying
reasons for judging three trials to be at high risk of bias were the
pooling of data of an unblinded pilot phase and the randomized
trial phase,20 insufficient blinding of outcome assessors due to
device-induced artefacts seen during the echocardiographic assess-
ment of the primary outcome40 and some concerns for multiple
domains of bias.25

Primary outcomes
In total, the included trials evaluated 35 predefined primary out-
comes, including 15 dichotomous (e.g. MACE) and 20 continuous
(e.g. change in blood pressure) outcomes. Four trials assessed copri-
mary outcomes.16,21,22,36 In 10 trials (33%), the null hypotheses were
rejected for all predefined primary outcomes.18,23,27,30,36–40,42 Of the
30 outcomes included in the main analysis, the majority of the trials
assessed objective outcomes (n = 26, e.g. change in blood pressure
or MACE) while four trials used patient-reported outcomes (private
phenomena, e.g. the severity of angina pectoris). Active treatment
demonstrated significant superiority over placebo procedures in 8/26
(31%) and 2/4 (50%) of the objective and patient-reported outcomes,
respectively.

In 5/16 (31%) trials assessing a continuous primary outcome, the
active treatment was significantly superior to placebo (Figure 3). The
SMD between the active and placebo procedure was at most small
(SMD 0.2–0.5, n = 5) to moderate (SMD 0.5–0.8, n = 3). Figure 4
presents OR for the trials reporting dichotomous primary outcomes.
Of these, 4/14 (29%) trials showed the superiority of active treat-
ment over placebo for their primary outcome. One trial had not
observed any primary outcome events.33

Subgroup analyses by methodological
characteristics of trials
Figure 5 shows the results of subgroup analyses according to the
methodological characteristics of trials (see Supplementary material
online, Table S2). In trials with a protocol-mandated stable and sym-
metrical use of co-interventions, the average difference in effects be-
tween active and placebo procedures was larger compared to trials
with frequent and/or unbalanced changes in co-interventions (P for
interaction 0.027). For the remaining methodological characteristics,
there were only minor variations between subgroups of trials.

Safety outcomes
Twenty-six trials (87%) provided data on predefined safety outcomes
(Supplementary material online, Table S3). Of these, six trials (23%)
reported no adverse events or safety outcomes in the active treat-
ment or placebo group, whereas nine trials (35%) reported more ad-
verse events following placebo procedure than active treatment but
did not report further statistical analyses.32,37

Discussion

In total, 30 placebo-controlled trials analysed 35 predefined pri-
mary outcomes. In only 10 trials, the null hypothesis was rejected
for all predefined primary outcomes. In trials assessing continuous

Figure 2 Risk of bias assessment of all included trials. Risk of bias
was assessed according to the revised Cochrane risk of bias tool for
randomized trials (RoB2).8
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..primary outcomes, the effectiveness, defined as the SMD between
the active and placebo procedure, was at most small to moderate.
More than two-thirds of the trials evaluating dichotomous out-
comes failed to show the superiority of active over placebo treat-
ment. Taken together, this suggests that the therapeutic efficacy
of some active experimental treatments in interventional cardi-
ology may be smaller than generally assumed. Subgroup analyses,
according to methodological characteristics, indicated that average
treatment effects were larger in trials with stable and symmetrical
use of co-interventions.

A placebo is generally defined as a substance or treatment of no
intended therapeutic value, although it can exhibit relevant effects.2

The placebo effect refers to a clinical benefit attributable to the inter-
action of the patient with the healthcare system and underlies complex
psychological and neurobiological mechanisms.43 There are strong
indications that there is not one mechanism of the placebo effect, but
many, depending on the physiological system involved, the medical
condition and its severity as well as the placebo’s nature.43 The appro-
priate placebo control in interventional cardiology is thought to be an
invasive placebo, mimicking the interventions of the active treatment
closely. It has indeed been suggested that the method of treatment

delivery and the invasiveness of the placebo procedure correlates with
its effectiveness.44,45 In a meta-analysis investigating studies of migraine
prophylaxis, placebo surgery was associated with higher responder
rates (58%) than placebo acupuncture (38%) or oral pharmacological
placebos (22%), respectively.44 Similarly, the response to placebo pills
in the treatment of Parkinson’s disease was minimal, whereas the re-
sponse to placebo surgery large.45

In the recent ORBITA trial, patients with stable angina and angio-
graphically significant non-occluded lesions >_70% were randomly
allocated to percutaneous coronary intervention (PCI) with a drug-
eluting stent or a placebo procedure (coronary catheterization while
the patient was sedated).34 In contradiction to randomized con-
trolled trials which indicated that subjective outcomes, such as the se-
verity of angina, was reduced following PCI compared with optimal
medical therapy alone,46,47 there was no difference in the primary ef-
ficacy outcome of exercise duration at 6 months, an objective but
patient-dependent outcome, between patients who underwent PCI
compared with a placebo procedure.34 Several potential reasons
have been discussed, which include methodological issues, including
insufficient power due to a higher than expected standard deviation
and a smaller than expected treatment effect. Importantly, the

Take home figure This systematic review and meta-analysis analyses the comparative efficacy and safety of invasive cardiovascular interven-
tions compared with invasive placebo procedures and the interactions between treatment effects and methodological characteristics.
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..commonly observed symptomatic improvement from PCI may be
encouraged by the potential power of placebo procedures.2 The se-
lection of the primary outcome appears essential, as patient-
reported outcomes, in general, were more susceptible to placebo
effects compared with observer-reported outcomes.48 In this ana-
lysis, the null hypothesis for patient-reported (e.g. angina pectoris)
and objective observer-reported outcomes (e.g. change in blood
pressure) was rejected in 50% and 31% of the trials, respectively.

Blood pressure, as an objective primary efficacy outcome, was
assessed in seven placebo-controlled trials investigating device-based
therapies for hypertension. Early uncontrolled trials and registries of
device-based therapies for hypertension documented large falls in
blood pressure.49 In the SYMPLICITY HTN-3 trial, the first placebo-
controlled trial investigating renal denervation in patients with severe,
resistant hypertension, blood pressure was reduced following active
and placebo treatment without significant between-group

Figure 3 Comparison of the treatment effect of active vs. placebo procedures for continuous primary outcomes. Standardized mean differences
were standardized, so that positive values indicated a benefit of the active intervention over placebo. LV, left ventricular; PCWP, pulmonary capillary
wedge pressure; PTCA þ DES, percutaneous transluminal coronary angioplasty and implantation of a drug-eluting stent; SBP, systolic blood
pressure.
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differences.28 The same observation was documented in a trial inves-
tigating baroreflex activation therapy in severe, resistant hyperten-
sion.26 Several potential factors, such as inadequate patient selection,
changes in antihypertensive medications after randomization, lifestyle
changes, and variation in adherence to medication may have contrib-
uted to the significant blood pressure drop following placebo treat-
ment.50 Recently published trials, however, which minimized
numerous issues identified in prior trials, provided proof of principle
for the efficacy of renal denervation in both the presence and ab-
sence of antihypertensive medications.3,38,39,42 Interestingly, in these
well-controlled, rigorously executed trials no significant placebo ef-
fect on blood pressure was noticed, indicating that the use of placebo

procedures per se does not eliminate other sources of bias that could
result in both an underestimation and overestimation of treatment
effects. In our analysis, subgroup analyses according to the methodo-
logical characteristics suggested that the treatment effect was largest
in trials with stable and symmetrical use of co-interventions in active
and placebo groups.

Objective testing of new devices and technologies in randomized
trials with an appropriate control intervention is desirable wherever
feasible. The fact that half of the trials eligible for the present analysis
were published in 2015 or later indicates a growing awareness of the
need to minimize the risk of bias in interventional cardiology. The use
of a placebo procedure, however, adds complexity. Not only the

Figure 4 Comparison of the treatment effect of active vs. placebo procedures for binary primary outcomes. aComposite of death, myocardial in-
farction, repeat target lesion or percutaneous revascularization, and coronary artery bypass graft. bResponder rate was defined as a blood pressure
drop >_10 mmHg in systolic office blood pressure as a part of a composite outcome. cResponse was defined as an increase in office systolic blood
pressure >35 mmHg while the baroreflex activation therapy device was turned off. BP, blood pressure; CCS, Canadian Cardiovascular Society;
MACE, major adverse cardiovascular events; PFO, patent foramen oval.
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.patients’ blinding but also blinding of interventionalists and outcome
assessors are necessary as incomplete blinding may introduce per-
formance and detection bias.51,52 Especially when investigating inva-
sive interventions, it can be challenging to assure successful patient’s
and physician’s blinding. Blinding of outcome assessors and treating
physicians is important to reduce bias arising due to asymmetrical co-
interventions (deviations from intended intervention) and bias in
measuring the outcome.8 In five trials (17%) included herein, it
remained unclear whether or not the outcome assessors were ad-
equately blinded.20–23,40 In a placebo-controlled trial assessing the
effects of chronic vagal nerve stimulation for the treatment of heart
failure with reduced ejection fraction, the majority of patients in the
active treatment group (77%) correctly guessed their randomization
assignment due to tickling sensations and other signs and symptoms
during titration to the highest comfortable output. Patient’s blinding
is in particular important when investigating private phenomena,
whereas objective observer-reported outcomes are thought to be

less prone to placebo effects.7 Blinding success is often underre-
ported or, if reported, unsatisfactorily low.53

The advantages of patient- and outcome assessor-blinded, pla-
cebo-controlled trials in reducing bias and investigating the specific
treatment effect of invasive interventions over and above placebo
effects are undeniable but exposing patients to potential risk by
subjecting them to an invasive placebo procedure can raise ethical
concerns. Therefore, the potential benefit of interventions has to
be carefully weighed against the risks of a convincing placebo pro-
cedure, and there must be a sense of equipoise between active
intervention and placebo control due to conflicting or weak evi-
dence on the effectiveness of the intervention. Safety concerns
are frequently raised as an argument against the use of invasive
placebo procedures. For many of the trials included in this ana-
lysis, the risk of adverse events following placebo was relatively
low, thus not necessarily supporting ethical arguments against pla-
cebo interventions. Taken together, this indicates that the benefits

Figure 5 Subgroup analyses by methodological characteristics of trials. Subgroup analyses accompanied by random-effects meta-regression were
performed to test for an interaction between treatment effects and methodological characteristics of trials (see Supplementary material online,
Methods 2). For these analyses, standardized mean differences were converted to odds ratios.
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of including a placebo group need to be carefully weighed against
the risk on a case-by-case basis.

Limitations
Some limitations of our analysis need to be acknowledged. First,
assessing the risk of bias was problematic, as, especially in older trials,
methods for blinding were only vaguely described. Second, we can-
not exclude that regression to the mean might have contributed to
the change of an outcome of interest. However, as we only included
randomized controlled trials, regression to the mean is assumed to
be equally distributed between active and placebo groups.44,54 Third,
it is likely that the failure to reject the null hypothesis in some trials
was due to a lack of power to detect minimal clinically important dif-
ferences between groups, particularly if the effect size used for sam-
ple size considerations was unrealistically large. Fourth, even though
there are more than 200 randomized trials, which compared placebo
against non-interventional controls, that did not receive a placebo,48

none of the trials included in our analysis used a non-interventional
control; hence, the true magnitude of the placebo effect is impossible
to estimate.

Conclusion

The SMD between active and placebo procedures was at most small
to moderate, which underlines the influence of non-specific effects
on trial outcomes and an overestimation of the clinical efficacy of
interventions in many circumstances. For most trials, the risk of ad-
verse events following placebo was relatively low. Finally, our analysis
suggests that treatment effects were larger in trials with protocol-
mandated stable and symmetrical use of co-interventions after ran-
domization, which highlights the significance of diligent planning and
execution of placebo-controlled trials.

Supplementary material

Supplementary material is available at European Heart Journal online.
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48. Hróbjartsson A, Gøtzsche PC. Placebo interventions for all clinical conditions.
Cochrane Database Syst Rev 2010;2010:CD003974

49. Lauder L, Wolf MA, Scholz SS, Hohl M, Mahfoud F, Böhm M. Renal denervation:
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