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Abstract 

Background: Some patients with chronic coronary syndromes undergo invasive procedures but the efficacy of such 
interventions remains to be robustly established by randomised sham-controlled trials (RCTs).

Purpose: To determine the sham effect in patients with chronic coronary syndromes enrolled in RCTs by performing 
a systematic review and meta-analysis.

Methods: In April 2022, we performed a literature search for published patient-blind RCTs (CENTRAL, MEDLINE®, 
PsycINFO, and reference lists) with sham procedures, reporting the pre-post effects in the invasive sham arm among 
patients with Canadian cardiovascular society (CCS) angina or angina equivalents.

Results: 16 RCTs were included with 546 patients in the sham arm. Pooled results showed that sham interventions 
were associated with: improvement of 7% (95% CI 2–11%;  I2 = 0%) in exercise time; decrease of 0.78 (95% CI − 1.10 to 
− 0.47;  I2 = 75%) in CCS angina class; decrease of 53% (95% CI 24–71%;  I2 = 96%) and 25% (95% CI 20–29%;  I2 = 0%) 
in anginal episodes and nitroglycerine (NTG) use, respectively. Pooled results also showed an improvement in the 
physical functioning, angina frequency, treatment satisfaction, and disease perception domains of the Seattle Angina 
Questionnaire (SAQ).

Conclusion: Sham interventions in patients with chronic coronary syndromes were associated with a significant 
decrease in anginal episodes, NTG use, and CCS angina class and increased SAQ quality of life and exercise time. These 
results highlight the need for previous non sham-controlled trials to be interpreted with caution, and the importance 
of new invasive interventions to be evaluated versus a sham procedure.

Keywords: Chronic coronary syndromes, Sham effect, Invasive treatment, Sham procedure

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Background
There are diverse clinical scenarios of chronic coronary 
syndromes that comprise both symptomatic and asymp-
tomatic patients who have been diagnosed or suspected 
to have coronary artery disease (CAD). Symptomatic 

patients may present with angina (due to CAD, vasospas-
tic, or microvascular disease) and/or other angina equiv-
alent symptoms, as well as heart failure related with CAD 
[1]. A recent review of studies published between 2010 
and 2017 estimated the worldwide prevalence of CAD to 
be approximately 5–8% [2].

The mainstays of treatment for chronic coronary syn-
dromes are antiplatelet agents and aggressive man-
agement of risk factors to improve prognosis, and 
antianginal drugs for symptom relief. Certain patients 
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undergo invasive treatments such as revascularisation 
procedures (either percutaneous coronary intervention 
[PCI] or coronary artery bypass graft [CAGB]) depend-
ing on the extent of ischaemia, severity, and location of 
the coronary plaques and/or due to how refractory symp-
toms are to medical treatment [1, 3, 4]. However, these 
interventions have not been shown to offer prognostic 
efficacy compared with sham interventions [5]. Through-
out the history of CAD, remarkable benefits of certain 
interventions have been reported in non-controlled clini-
cal trials, later failing to be shown efficacious against pla-
cebo in controlled trials. This emphasises the importance 
of placebo-controlled studies in recommending effica-
cious interventions [6].

In 1961, Shapiro defined the term placebo as any thera-
peutic procedure which, either deliberately or unknow-
ingly, has an effect on a patient, symptom, syndrome, or 
disease but which is objectively without specific activity 
for the condition being treated [7]. Nowadays, the term 
placebo is commonly used to describe inactive pills. For 
other types of interventions, when the actual procedure 
is mimicked, it is called a sham procedure.

Angina is the most representative symptom of CAD 
and, along with exercise time, is often evaluated in clini-
cal trials of chronic coronary syndromes. However, these 
types of outcomes are prone to the Hawthorne effect 
whereby a participant modifies their behaviour in reac-
tion to being enrolled in a study and interacting with 
clinical trial staff, resulting in a possible enhancement of 
the placebo/sham effect.

In this systematic review, we aimed to evaluate and 
quantify the magnitude of the sham effect associated 
with invasive procedures among patients with chronic 
coronary syndromes.

Methods
This systematic review and meta-analysis followed 
the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses guidelines for reporting system-
atic reviews evaluating healthcare interventions [8]. The 
protocol was registered with PROSPERO (reference: 
CRD42021224700).

Eligibility criteria
For inclusion, we considered published randomised, 
patient-blind, controlled clinical trials (RCTs) with a 
sham procedure. A sham procedure is defined here as a 
procedure performed as a control that is similar to but 
omits a key therapeutic element of the treatment under 
investigation. RCTs were required to evaluate invasive 
treatments (PCI, CABG, coronary sinus reducer, myocar-
dial laser revascularisation, or intramyocardial/coronary 
injection) for chronic coronary syndromes in patients 

with Canadian Cardiovascular Society (CCS) class I-IV 
angina, including refractory angina and angina equiva-
lents. We excluded observational studies, conference 
abstracts, and congresses proceedings.

Our primary outcome was the relative change (meas-
ured as a percentage) in exercise time as recorded in a 
standardised exercise stress test. Secondary outcomes 
were the standardised mean differences in exercise 
time, CCS angina class, number of anginal episodes per 
week, nitroglycerine use (NTG) per week, and quality 
of life (QoL) assessment using the Seattle Angina Ques-
tionnaire (SAQ) [9]. The SAQ is a sensitive and specific 
instrument that includes a measure of QoL in CAD, the 
score ranges between 0 and 100, with higher scores indi-
cating better function. To be included, studies had to 
report the pre-post difference in the sham procedure arm 
for at least one of the outcomes of interest.

Information sources and search method
An electronic search for potentially eligible studies was 
performed in April 2022 using the Cochrane Central 
Register of Controlled Trials, MEDLINE®, and Psy-
cINFO. OpenGrey was also searched. The search strategy 
is outlined in the Additional file 1. No language restric-
tions were applied. The reference lists of included studies 
and other literature reviews were also examined.

Study selection, data collection process, and risk of bias 
assessment
Two authors independently screened titles and abstracts 
of the retrieved records. To ensure that the inclusion cri-
teria were met, the full-text versions of the selected stud-
ies were assessed. Two authors independently extracted 
study characteristics and outcomes into a pre-established 
data collection form. Any disagreements were resolved 
through consensus. The reasons for exclusion were 
recorded at the full-text screening stage (see supplemen-
tary material).

Whenever data were only available in a plot, these were 
retrieved using the Plot Digitizer V.2.6.8. When studies 
presented different estimates for the outcome of interest, 
we extracted the most precise or adjusted measures. If an 
outcome was reported as a median value and interquar-
tile range, we converted these values to mean ± standard 
deviations (SD) using the Wan Method [10]. If an out-
come was reported as a mean change ± SD, we converted 
this to mean, lower, and upper confidence intervals. 
Mean ± standard errors were converted to mean ± SD. If 
data were obtained over several follow-ups, we analysed 
the estimate from putative sham/placebo effects as the 
most favourable effect registered in the follow-up.

The risk of bias was independently evaluated by two 
authors using the Cochrane risk of bias tool [11], whereby 
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answering signalling questions in five domains enables an 
algorithm to generate a risk of bias judgement such as 
“Low risk”, “High risk” or “Some Concerns”.

All disagreements between reviewers throughout the 
different steps of the systematic review were resolved 
by consensus or by the decision of a third independent 
reviewer.

Statistical analysis
Software Review Manager (RevMan) Version 5.4.1, 
Copenhagen: The Nordic Cochrane Centre, The 
Cochrane Collaboration, 2020 was used to obtain the 
estimates of individual studies, the pooled analysis, and 
to retrieve the forest plots.

Our first approach for the outcomes exercise time, 
anginal episodes, and nitroglycerine administration 
was to convert the absolute post-sham values into rela-
tive change (RC) values (RC was obtained by dividing 
the absolute value reported after the sham intervention 
by the absolute value reported before the sham inter-
vention) compared with the baseline. Relative measures 
appear to be more stable than absolute measures across 
populations of patients who have different occurrence 
rates of the outcome under evaluation.

Next, we calculated the mean difference (MD) of the 
outcomes (MD was obtained by subtracting the absolute 
value after the sham intervention with the absolute value 
reported before the intervention) and 95% confidence 
intervals (95% CI) to estimate pooled results. While sev-
eral studies assessed exercise time, this outcome was 
measured in a variety of ways, we, therefore, estimated 
the results for this outcome according to the measure-
ment method and calculated the standardised mean dif-
ference (SMD) and 95% CI. Cohen’s rule of thumb for 
effect size was used, with 0.2 considered a small effect, 
0.5 a moderate effect, and 0.8 a large effect. Meta-analy-
ses used random-effects models to pool the results.

Heterogeneity was assessed with the  I2 test, which 
measures the percentage of total variation attributed to 
inter-study heterogeneity rather than chance [12]. The 
inverse of variance method with random-effects model 
was used by default, independently of the existence or 
not of statistical heterogeneity between study results, as 
we anticipated the inclusion of studies with different clin-
ical and methodological characteristics.

We also planned to conduct subgroup analyses accord-
ing to the type of sham procedure, mean left ventricular 
ejection fraction (< 50% or more than 33% of patients 
with heart failure vs. ≥ 50%/LVEF not reported), as well 
as a sensitivity analysis by excluding studies at a higher 
risk of bias. When feasible, meta-regression was per-
formed for primary outcomes against age, the proportion 
of men, and the proportion of diabetic patients. Bubble 

graphs were plotted with STATA 17.0. The Jackknife 
leave-one-out sensitivity analysis [13] was also performed 
to evaluate the impact of a single study as responsible for 
the heterogeneity.

Publication bias was assessed through visual inspec-
tion of funnel plot asymmetry with Egger’s test [14]. If a 
small-study effect was suspected by visual inspection of 
the funnel plot or Egger’s test results, we planned to fol-
low the trim and fill method to assess publication/small-
study effects bias in the meta-analysis [15].

We used the Grading of Recommendations, Assess-
ment and Evaluation (GRADE) framework to report 
the overall quality of evidence for primary outcomes 
[16]. The GRADE approach was independently assessed 
by two investigators and discrepancies were solved by 
consensus.

Results
Included studies
A total of 16 articles were retained for both qualitative 
and quantitative syntheses. No unpublished studies were 
retrieved (Fig. 1).

Sixteen randomised controlled trials were included 
with a total of 1340 participants (sample sizes between 
10 and 298), in which 546 were allocated to the sham 
arm [5, 17–31]. Table 1 shows the characteristics of the 
included studies. Publication dates ranged from 1959 to 
2017. All studies included patients with angina or equiva-
lent symptoms. The mean age of the patients ranged from 
57.8 to 67.8 years and the percentage of men ranged from 
51 to 91%.

In eleven studies, the intervention was an intramyocar-
dial injection [18, 21–29, 31] (four containing plasmids 
[18, 21, 22, 28], four containing autologous CD34 + cells 
[23, 26, 27, 31], two containing bone marrow cells [24, 
25] and one containing autologous aldehyde dehydroge-
nase bright stem cells [29]) and all had a sham procedure 
as the control arm. The remaining five studies evalu-
ated other interventions such as PCI (ORBITA trial [5]), 
coronary sinus reducer (COSIRA trial [30]), myocardial 
laser revascularisation (Salem [19], Leon [20]), and inter-
nal mammary artery ligation (Cobb [17]) versus a sham 
comparator.

Regarding the sham comparators, seven studies used a 
placebo solution [22, 25–29, 31], five studies used a sham 
intervention [5, 17, 19, 20, 30], two studies injected a 
saline solution in the sham intervention arm [18, 23], one 
study used a placebo plasmid [21], and one study injected 
autologous plasma [24].

Risk of bias
In the risk of bias assessment most of the studies (11 of 
16) had moderate (‘some concerns’) risk of bias. Most of 



Page 4 of 16Palma et al. BMC Cardiovascular Disorders          (2022) 22:223 

these studies were considered to have risk of selection 
bias of the reported outcomes. Due to the nature of our 
question/review, this selection is unavoidable because 
we are searching for the best response in the sham arm. 
Additionally, we judged three of the sixteen RCTs to have 
further risks of bias: one due to not having a pre-speci-
fied analysis plan; one due to not having a pre-specified 
analysis plan, and for having baseline imbalances (medi-
cation usage) between groups [22]; and one due to lack 
of information about the allocation sequence and its con-
cealment [20] (Additional file 1).

Exercise time
The sham intervention arm of thirteen RCTs [5, 17–20, 
22–24, 26–28, 30, 31] (n = 13) contributed data for 

exercise time as the primary outcome. This outcome was 
measured in six studies with the Treadmill Bruce proto-
col [5, 17, 19, 22, 23, 26], in five studies with the Treadmill 
modified Bruce protocol [18, 20, 24, 27, 31], and in two 
studies with the bicycle protocol (28, 30). Although the 
study by Fuchs et  al. (2006)[22] used the asymptomatic 
cardiac ischaemia pilot (ACIP) protocol, we considered 
it to be very similar to the Bruce treadmill protocol and, 
therefore, we included it in the Treadmill Bruce sub-
group. Two of the sixteen included studies did not report 
data for this outcome [21, 29], and in another study [25] 
that used a bicycle protocol, the exercise outcome was 
measured in watts, not in time. We were not able to 
include two studies [23, 27] for the relative measurement 

Fig. 1 Study flow diagram
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effects or publications bias for all outcomes. A similar 
interpretation was supported by the results of the Egger’s 
test (p-value > 0.10) (Additional file  3). In addition, the 
trim-fill analyses of all outcomes did not substantially 
change the outcome measures.

Subgroup/exploratory analyses and heterogeneity 
investigation
We performed an analysis of relative change in exercise 
time according to the type of sham intervention: pure 
sham intervention (RC 1.05; 95%CI 1.01–1.11;  I2 = 0%) or 
sham intervention plus placebo solution (RC 1.12; 95%CI 
0.98–1.27;  I2 = 6%), and we did not find any differences 
between the two subgroups (p-value for interaction 0.42) 
(Additional file 4).

The subgroup analysis of relative change in exercise 
time according to the mean reported LVEF showed no 
difference (p-value for subgroup interaction 0.24) among 
LVEF < 50% (RC 1.11, 95%CI 1.02–1.19; 2 studies) and 
LVEF ≥ 50% or LVEF not reported (RC 1.04, 95%CI 0.99–
1.10) (Additional file 4).

We also performed meta-regression of relative change 
in exercise time with age, the proportions of men and 
diabetic patients. The meta-regression showed that for 
each year of increase in average population age a rela-
tive decrease of 2.3% can be expected in exercise time 
(− 2.3%, 95% CI − 4.5 to − 1%). The results of meta-
regression for men and diabetic patients’ proportions 
were not significant (Additional file 4).

The measures of exercise time change, both as a relative 
change (primary outcome) and as SMD (Cohen d) did 
not have substantial heterogeneity. The analyses that had 
important statistical heterogeneity were angina episodes 
frequency  (I2 = 95%), CCS class analysis  (I2 = 70%), and 
nitroglycerine use  (I2 = 95%). The investigation showed 
that estimates of the subgroup of patients with lower 
LVEF/HF patients (RC 0.66, 95%CI 0.41–1.06; two stud-
ies) did not have substantial heterogeneity  (I2 = 0% for 
angina episodes and CCS class,  I2 = 46% for nitroglycer-
ine use) and the reduction in the CCS class was still sta-
tistically significant, but not different from LVEF > 50% 
(p-value for interaction 0.21).

For SAQ outcomes, angina stability  (I2 = 89%) and 
angina frequency  (I2 = 70%) showed substantial hetero-
geneity. Similar to previous outcomes, heterogeneity was 
reduced in the subgroup of patients with lower LVEF/
HF (27% for SAQ angina stability and 0% for SAQ angina 
frequency). SAQ angina stability did not show substan-
tial heterogeneity in the subgroup sham intervention plus 
placebo solution.

The exclusion of studies at higher risk of bias only 
improved the heterogeneity of SAQ angina frequency 
 (I2 = 0%).

of change since these studies did not present the pre and 
post-sham values, only mean differences.

Pooled estimates showed an overall significant increase 
in exercise time with sham, corresponding to 7% using 
the relative change measure (RC 1.07; 95% CI 1.02–1.11; 
 I2 = 0%; Fig.  2) and a Cohen d of 0.22 (SMD 0.22; 95% 
CI 0.09–0.35;  I2 = 0%; Fig. 3). There were no differences 
between subgroups defined according to the way this 
outcome was measured.

In absolute terms, the sham intervention significantly 
increased the exercise time as measured by the modified 
Bruce protocol (MD 56.03; 95% CI 26.92–85.14,  I2 = 0%), 
but not when measured by the Bruce (MD 27.10; 95% CI 
− 12.99 to 67.19,  I2 = 0%) or bicycle exercise protocols 
(MD 23.04; 95% CI − 51.07 to 97.16;  I2 = 0%) (Additional 
file 2).

CCS class, frequency of anginal episodes and nitroglycerine 
use
Overall, ten RCTs [18, 21–26, 28–30], six RCTs [18, 23, 
26–28, 31], and five RCTs [18, 23, 26–28] contributed 
data for the outcomes CCS angina class, anginal episodes 
per week, and nitroglycerine use, respectively.

In absolute terms, there was a mean decrease in 
CCS angina class (MD − 0.78; 95% CI − 1.10 to − 0.47; 
 I2 = 75%; Additional file 2).

Sham procedures were associated with a mean 53% and 
25% relative decrease in anginal episodes (RC 0.47; 95% 
CI 0.29–0.76;  I2 = 96%; Fig.  4) and NTG use (RC 0.75; 
95% CI 0.71–0.80;  I2 = 0%; Fig. 4), respectively.

In absolute terms, there was a significant decrease in 
anginal episodes per week (MD − 10.29; 95% CI − 13.04 
to − 7.54;  I2 = 0%; supplementary material). The weekly 
use of NTG was significantly decreased after sham inter-
vention (MD − 3.98; 95% CI − 5.14 to − 2.82;  I2 = 0%; 
Additional file 2).

Quality of life—Seattle Angina Questionnaire
Overall, seven RCTs [5, 19, 20, 22, 23, 27, 30] contributed 
data for pre-post evaluation of QoL using SAQ within the 
sham arm of an RCT.

The sham intervention significantly improved SAQ 
scores regarding physical functioning (MD 10.67; 95% CI 
5.47–15.88;  I2 = 42%), angina frequency (MD 17.21; 95% 
CI 10.48–23.94;  I2 = 70%;), treatment satisfaction (MD 
6.43; 95% CI 2.51–10.35;  I2 = 0%), and disease perception 
(MD 10.98; 95% CI 6.53–15.44;  I2 = 0%) (Fig. 5).

Publication bias risk assessment
The visual interpretation of the funnel plots (Additional 
file  3) does not suggest the existence of small-study 
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Certainty of evidence for exercise time using GRADE
We evaluated the certainty of the pooled evidence for the 
exercise time using the GRADE framework. The certainty 
about evidence was low due to the pre-post evaluation 
of outcomes in the sham arm and due to the selective 
reporting bias risk inherent to search of the best response 
within trial as an equivalent of a sham/placebo effect. The 
GRADE table is depicted in Table 2.

Discussion
This systematic review and meta-analysis showed that a 
sham intervention in chronic coronary syndromes can 
increase the exercise time in a stress test by 7%, halve 
the number of episodes of angina, improve CCS class, 
and reduce nitroglycerine in 25% of patients. The sham 
intervention also improved domains covered by the SAQ, 
namely physical functioning, angina frequency, treat-
ment satisfaction, and disease perception.

The average increase in exercise for the stress test was 
7% but different types of stress tests were included in 
this outcome making it difficult to ascertain the clinical 
significance of this effect. To overcome this limitation, 
we also used the Cohen D (SMD) and the pooled anal-
ysis sought a statistically significant increase of SMD in 

exercise trials by 0.22, which is deemed to be a change of 
small magnitude.

In our systematic review, we determined that, for the 
modified Bruce treadmill protocol, the pooled effect 
was 56 s (27 s for the Bruce protocol and 23 s for bicy-
cle protocols). One of the included studies, Leon [20], 
considered that 1  min was the minimal clinically rel-
evant difference in exercise time in the modified Bruce 
protocol, when comparing an intervention with a sham 
comparator. This means that minimal clinically relevant 
difference, in this case, would double the sham effect. 
Nevertheless, it is worth noting that the sham and Haw-
thorne effects in this context were able to improve exer-
cise time, which is a relevant prognostic factor in patients 
with chronic coronary syndromes [32], but no refer-
ral should be made on this basis. Despite these consid-
erations, and in the presence of negative results in most 
invasive studies, our data should be used to emphasise 
the importance of sham-controlled studies and to per-
form sample size calculations based on our assumptions. 
There are some examples, namely in ablation procedures 
for renal denervation in arterial hypertension [33, 34] 
that show that it might be worth performing sham-con-
trolled trials to assess the ‘real’ value of the intervention.

Fig. 2 Forest plot for relative change of exercise time
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Comparing our results with the placebo effect in pla-
cebo-controlled trials (where ranolazine and ivabradine 
were tested) [35, 36] using the same methods, the pla-
cebo effect revealed heterogeneous increases between 
1.5% and 15%. These results are not very far from the 
95% confidence intervals and the factors associated with 
placebo effects might be similar to those associated with 
sham effects.

The sham effect was also substantial in decreasing angi-
nal episodes, CCS class, and nitroglycerine consumption 
as a surrogate to angina severity. The most impressive 
estimate in this set of outcomes relies on the halving of 
angina episodes. The most important drawback of this 
result concerns statistical heterogeneity. However, it is 
worth noting that when we considered only the two stud-
ies with lower left ventricular ejection fraction/higher 
proportion of heart failure patients, the results did not 
yield statistical heterogeneity and still showed a sig-
nificant reduction in anginal episodes of 44%. The CCS 
class mean reduction was 0.78, which means that most 

patients improved by at least one class. A decrease of just 
one class could mean that a patient could walk a longer 
distance and perform more activities, which correlates 
with a better QoL. In light of these data, the reduction 
in nitroglycerine consumption was expected. This can be 
interpreted as a severity marker of angina but this thresh-
old to treatment with nitroglycerine is an outcome that 
can be influenced by expectations and thus responsive to 
the sham effect.

Most of the domains of the SAQ, except for angina 
stability, were significantly improved after sham inter-
ventions. The relevance of our results once again empha-
sises the need for sham-controlled trials to interpret the 
outcomes. For example, an open-label trial showed that 
percutaneous coronary revascularisation compared with 
optimal medical treatment significantly improved SAQ in 
the domains of physical limitation, angina frequency, and 
disease perception by 5.2, 5.2, and 6.6 points respectively 
[37]. A pre-post evaluation of percutaneous coronary 
revascularisation in this context also showed an increase 

Fig. 3 Forest plot for standardised mean exercise difference
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of 13.1 points in physical limitation, 14.6 in angina fre-
quency, and 21.3 for disease perception/QoL. The results 
of our systematic review showed that sham interventions 
can increase these SAQ domains to 10.67, 17.21, and 
10.98, respectively. All the significant comparisons with 
the optimal medical treatment had a magnitude lower 
than the sham effect, and within the intervention, the 
SAQ physical limitation and angina frequency had results 
within the 95% confidence intervals of the sham effects. 
We are not claiming that the intervention has no addi-
tional therapeutic value, but conclude that any fair evalu-
ation (even for the intervention in case of efficacy) would 
require a sham arm for adequate interpretation, however, 
we recognise the additional challenges in performing 
such studies.

Overall, these results showed that patients with chronic 
coronary syndromes improve after a sham invasive pro-
cedure. This seems to call into question the meaning of 
the relief reported by patients with angina submitted to 
invasive interventions and requires that we re-think the 
role of placebo in contributing to this relief. In cardiovas-
cular medicine there are examples of treatments consid-
ered clearly beneficial where an initial placebo-controlled 
trial was rejected, before, years later, an exploratory/
pragmatic trial (such as ORBITA) shakes the validity of 
some of these principles and triple-blinded (patient, phy-
sician, outcome assessor) placebo/sham-controlled trials 
are valued and required [5].

Current recommendations point to revascularisation 
as having a central role in the management of CCS when 
angina persists despite treatment with an antianginal 
drug, but also recommend that individual benefit-risk 
ratio be considered and that decision-making be shared 
with the patient [1], keeping in mind comparisons of an 
intervention to a sham intervention or placebo, while 
integrating the values and preferences of the patient, for 
example, their aversion to invasive treatment.

The results of this systematic review also highlight 
the need for randomised controlled trials to evalu-
ate the efficacy of invasive treatments in patients 
with CCS and establish, for the measured outcomes, 
an assumed effect that should account for this sham 
effect in future trials. Also, the efficacy of blinding, for 
both patients and investigators, should be considered 
a mandatory outcome to report in these trials. In the 
ORBITA trial, the authors reported a blinding index 
and raw data of arm guessing. The blinding index was 
significant in the PCI arm, but raw data show that 
47.6% of PCI patients guessed their allocation arm cor-
rectly, 28.6% were wrong and the remainder did not 
know. In the placebo/sham arm, only 37.4% guessed 
their arm.

Limitations
The results and conclusions of this systematic review 
must account for the limitations of the individual 

Fig. 4 Forest plot for the relative change regarding anginal episodes and nitroglycerine use per week
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studies included here. Most of the studies presented 
their results as study-level data and not as individual 
patient data, which can lead to biased assessments and 

limited interpretation of the data. In addition, eleven 
of the studies were judged as having a risk of bias.

Fig. 5 Forest plot for Seattle Angina Questionnaire (SAQ). Subgroups: Physical Limitation, Angina Stability, Angina Frequency, Treatment 
Satisfaction, and Disease Perception



Page 14 of 16Palma et al. BMC Cardiovascular Disorders          (2022) 22:223 

We were also limited by the variety of interventions 
and types of sham in published studies, which is also 
partially responsible for the heterogeneous population. 
Another limitation concerns the standardised mean 
difference analyses of exercise time, which reported 
only a small change, diminishing the robustness of our 
results. Besides, most of our outcomes are subjective 
patient-reported outcomes which makes them prone 
to being modulated by a putative placebo/sham effect.

Furthermore, in clinical practice, therapeutic adjust-
ments are made, according to the individual patient’s 
necessities and these adjustments can alter the mani-
festations of the disease, possibly resulting in an 
improvement of symptoms or other disease classifi-
cation parameters. Throughout the follow-up periods 
of the selected trials, which varied from 6  weeks to 
12  months, medication adjustments could have been 
undertaken, affecting the results of the measured out-
comes, which cannot be accounted for or adjusted. We 
also considered the follow-up periods to be short-term 
observation times, which prevented us from drawing 
conclusions about the effect over a longer period.

Our results could be affected, not only by the thera-
peutic adjustments, but also by the natural progression 
of the disease and (its) regression to the mean since it 
is expected that the invasive treatments are proposed 
for the most symptomatic patients.

Finally, we were limited by the lack of studies pre-
senting another control group, with no intervention 
and no blind placebo.

Conclusions
This systematic review suggests that sham invasive 
interventions in patients with chronic coronary syn-
dromes are associated with a significant decrease in 
anginal episodes per week, NTG use per week and CCS 

angina class, and increases in exercise time and SAQ 
QoL scores. These results indicate we need to be cau-
tious when interpreting previous clinical trials that are 
not placebo-controlled, and reinforce the importance 
of evaluating the efficacy of new invasive treatments 
against a placebo procedure.
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