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 2 

ABSTRACT1

Aims: The aim of this study was to describe the methodological features of the randomised controlled 2 

trials (RCTs)  cited in American and European clinical practice guidelines (CPGs) for ST elevation 3 

myocardial infarction (STEMI) and non-ST elevation acute coronary syndrome (NSTE-ACS). 4 

Methods and results: Out of 2128 non-duplicated references cited in the 2013 and 2014 ACC/AHA 5 

and 2017 and 2020 ESC CPGs for STEMI and NSTE-ACS, we extracted data for 407 RCTs (19.1% of 6 

total references). The majority were multicenter studies (81.8%), evaluated pharmacological 7 

interventions (63.1%), and had a 2-arm (82.6%), superiority (90.4%) design. Most RCTs (60.2%) had 8 

an active comparator, and 46.2% were funded by industry. The median observed sample size was 1001 9 

patients (84.2% of RCTs achieved % of the intended sample size). Most RCTs had a single 10 

primary outcome (90.9%), which was a composite in just over half (51.9%). Amongst the RCTs 11 

testing for superiority, 44.0% reported a p-value of  for the primary outcome and 61.9% 12 

observed a risk reduction of >15%. The observed treatment effect was lower-than-expected in 67.6% 13 

of RCTs, with 34.4% having at least a 20% lower-than-expected treatment effect. The calculated post 14 

0% for 33.9% of cited RCTs. 15 

Conclusions: This analysis demonstrates that RCTs cited by CPGs can still have significant 16 

methodological issues and limitations, highlighting that a better understanding of the methodological 17 

aspects of RCTs is crucial in order to formulate recommendations relevant to clinical practice. 18 

 19 

Keywords: Randomised clinical trials; Evidence-based medicine; Clinical Practice Guidelines, Acute 20 

coronary syndrome; Recommendations.  21 
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INTRODUCTION1

Clinical practice guidelines (CPGs) influence the care provided to millions of patients 2 

worldwide(1 5) and their recommendations are central to the evidence-based medicine paradigm(6,7). 3 

Randomised controlled trials (RCTs) (and meta-analysis of RCTs) are pivotal to set recommendations 4 

in CPGs(8,9). An understanding of RCT design, statistical limitations, and methodological issues is 5 

crucial in order to translate RCT-based scientific evidence into sound clinical 6 

recommendations(10,11). 7 

The American College of Cardiology/American Heart Association (ACC/AHA) and the 8 

European Society of Cardiology (ESC) have separate CPGs for ST-segment elevation myocardial 9 

infarction (STEMI), and non-ST-segment elevation acute coronary syndrome (NSTE-ACS)(12 15). 10 

When interpreting these recommendations, it is important to consider the strengths and the limitations 11 

of the supporting randomised evidence (16,17). This should include an assessment of methodological 12 

issues, including the statistical power, the balance between the observed and the expected event rate, 13 

the absence of blinding, and the type and number of primary and secondary endpoints(10), as well as 14 

the type of funding of the study.  15 

In order to investigate this, we performed a systematic assessment of the methodological 16 

characteristics of the RCTs cited in the ACC/AHA and ESC CPGs for STEMI and NSTE-ACS. The 17 

main aims of this analysis were: (1) to define the features of RCTs cited in ACS CPGs with regard to 18 

their design, sample size, and type of outcome; (2) to assess the consistency between the expected and 19 

observed sample sizes, primary event rates and treatment effects, (3) to explore the associations 20 

between RCT characteristics and the type of guideline recommendations (i.e., as per the class or level 21 

of evidence [LOE]) and (4) to compare the association between the design features of the cited RCTs 22 

and the types of recommendations. 23 

 24 

METHODS 25 

Selection of Randomised Controlled Trials 26 

Using the ACC and ESC websites, we reviewed the latest versions of the CPGs for ACS as of 27 

January 1, 2022. The following CPGs were therefore included in our analysis: 2013 ACC/AHA 28 
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Guideline for the management of STEMI(15), 2014 ACC/AHA guideline for the management of 1

patients NSTE-ACS(12), 2017 ESC guideline for the management of STEMI(13), and 2020 ESC 2 

guideline for the management NSTE-ACS(14).  3 

 4 

Screening and selection process of references 5 

Data collection and analysis was performed according to the PRISMA guidelines(18). 6 

Supplementary Figure 1 summarises the screening and selection process. From each CPG document, 7 

two reviewers independently screened and extracted all non-duplicated references using an electronic 8 

form. To identify duplicates, we used the PubMed Identifier (PMID). References were classified by 9 

another reviewer into 5 categories according to their study design: (i) meta-analyses, (ii) primary 10 

publications of RCTs, (iii) secondary publications of RCTs using randomised data(19), (iv) non-11 

randomised studies (either observational or secondary RCTs not using randomised data), and (v) other 12 

papers (consensus papers, other CPGs, reviews). The category of each study was revised and 13 

confirmed by a second reviewer. Any disagreements were resolved by consensus after discussion 14 

between the three reviewers. To avoid overrepresenting studies with multiple secondary publications, 15 

only the primary publications of RCTs were included in this analysis(20). 16 

 17 

Data Extraction for RCTs 18 

Once all primary publications of RCTs cited in the CPGs were identified, one of the authors 19 

used an electronic form to extract data from the full publications, such as the type of hypothesis (e.g., 20 

superiority, non-inferiority), number of primary and secondary outcomes, or type of outcome. Details 21 

about the statistical analysis plan were also extracted, including: the expected treatment effect, 22 

statistical power, and the estimated sample size. We also extracted data on the observed outcome data 23 

(event numbers, treatment effects, outcome-values in RCTs testing for superiority). For trials testing a 24 

single primary outcome, we manually calculated the expected and the observed relative risks for the 25 

primary endpoint, and conducted a post hoc analysis in order to estimate the actual statistical power, 26 

based on a two-sided type 1 error of 0.05. We used relative risks when making comparisons across 27 

trials in order to homogenise the observed and expected treatment effects.  28 
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1

Data extraction for CPGs recommendations 2 

The recommendations provided by each guideline were extracted by two independent 3 

reviewers and were linked to the supporting references. In the CPGs, each recommendation is 4 

presented using a statement (recommendation text), and an associated class and LOE(12 15). By 5 

linking the supporting evidence to each recommendation, we were able to crossmatch the 6 

characteristics of the RCTs at a study-level with the information obtained at recommendation-level 7 

(class and LOE).  8 

 9 

Statistical Analysis 10 

At recommendation-level, RCTs features were compared by class of recommendation (I vs. II 11 

vs. III) and LOE (LOE A vs. LOE B). Continuous variables were presented as medians with IQRs, and 12 

categorical variables as frequencies with percentages. Visual inspection of the data showed that most 13 

continuous variables were non-normally distributed; therefore, nonparametric methods were used to 14 

compare the groups. The Mann-Whitney U test was used for comparisons between 2 groups, whereas 15 

the Kruskal-Wallis test was used for comparisons between 3 or more groups. Categorical variables 16 

were compared using , or Fishers exact test when appropriate. 17 

To investigate if trial design features were independently associated with class I, LOE A 18 

recommendations (relative to Class II, LOE A recommendations), we produced a multivariate model 19 

adjusted for 12 trial design characteristics (industry funding, type of intervention, superiority 20 

hypothesis design, international study, multicenter cohort, number of arms, active control group, 21 

blinding, independent events adjudication committee, number of secondary outcomes, planned sample 22 

size, and mean follow-up). Adjusted association between variables and type of recommendations are 23 

presented as odds ratio (OR) with 95% confidence intervals (CIs). Two-sided significance testing was 24 

used and a p- Stata version 25 

16.1 (StataCorp, Texas, USA). 26 

 27 

RESULTS 28 
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Study selection of the references cited in the CPGs1

Of 2525 references cited by the four CPGs, there were 407 non-duplicated primary 2 

publications of RCTs (Supplementary Figure 1). Most RCTs (74.9%) were cited in one guideline. 3 

The RCTs cited in 3 guidelines are presented in Supplementary Table 1 and some basic data for all 4 

RCTs are reported in Supplementary Table 2. 5 

 6 

Basic characteristics and sample size of RCTs 7 

Table 1 summarises the characteristics of the cited RCTs. Events were adjudicated by an 8 

independent adjudication outcome committee in 57.5% of RCTs. The majority of RCTs evaluated a 9 

pharmacological intervention (63.1%), whilst 27.5% of RCTs assessed a management strategy (Figure 10 

1). Further detail regarding the type of pharmacological treatment or management strategy in the 11 

active arms of these RCTs is provided in Supplementary Figure 2. The majority of RCTs had a 12 

superiority design (90.4%), with 2-arms (82.6%) and an active comparator (60.2%) as the control arm 13 

(Figure 1). In this cohort, 46.2% of the RCTs were funded exclusively by industry, 19% were partially 14 

funded by industry sources and 19.4% were fully funded by public sources. The majority of RCTs 15 

reported a statistical analysis plan (86.2%) and based their main analysis on the intention-to-treat 16 

principle (87.2%).  17 

The median planned sample size was 1327 participants (IQR 445-4060). Based on their 18 

design, 60.5% of the RCTs had less than 85% statistical power. The median observed sample size was 19 

1001 (IQR 263-3602) . The majority of the RCTs 20 

(84.2%) ir planned sample size and 51.5% of RCTs achieved (or exceeded) their 21 

planned sample size. 22 

 23 

Type of outcomes and follow-up 24 

Most RCTs had a single primary outcome (90.9%), with the remaining 9.1% having two co-25 

primary outcomes (Table 2). Among the RCTs with a single primary outcome, 51.9% of these were 26 

composite endpoints. For RCTs using two co-primary outcomes, 62.5% had a composite outcome. 27 

Composite endpoints had a median of 3 (IQR 3-4) individual components, including mortality 28 
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(87.1%), myocardial infarction (80.3%), stroke (37.8%) and unplanned revascularization (31.1%). The 1

primary outcome was a surrogate outcome in 34.6% of the RCTs. Supplementary Table 3 reports the 2 

different surrogate outcomes. Two thirds of the RCTs had more than 3 secondary outcomes (69.8%). 3 

The distribution of the follow-up time is shown in Table 2. 4 

 5 

Observed vs. expected number of outcomes and relative risk 6 

Among the 368 RCTs testing for superiority, 336 (91.3%) had a single primary endpoint 7 

(Figure 2), whereas the remaining 8.7% had co-primary endpoints. Further characteristics of the RCTs 8 

testing for superiority on single primary endpoints (either binary or composite outcomes) are 9 

summarised in Table 3. The median number of observed outcomes was 210 (IQR 66-569), while the 10 

expected number of outcomes was 288 (119-669). Based on the number of outcomes in each group, 11 

the observed treatment effect was manually estimated using a relative risk for each RCTs assessing a 12 

single primary endpoint. The median (IQR) relative risk was 0.81 (0.61-0.91). A risk reduction of 13 

>15% was observed in 61.9% of the RCTs, regardless of their p-value (Figure 3). Furthermore, 14 

among all RCTs testing a single composite or binary primary endpoint for superiority, 44.0% had a p-15 

 16 

In addition to manually estimating the relative risk, we also evaluated whether there was a 17 

mismatch between the expected and the observed estimate for the treatment effect (whether it was an 18 

odds ratio, hazard ratio, incidence rate ratio, or any other estimate). Among the RCTs evaluating a 19 

single primary endpoint and reporting data to estimate the expected relative risk (n=185), the median 20 

(IQR) expected relative risk was 0.72 (0.60-0.80). However, the observed treatment effect was lower 21 

than expected in 67.6% of these RCTs. In 34.4% of these RCTs, the treatment effect was at least 20% 22 

lower than the expected treatment effect. 23 

When considering all 336 (90.4%) RCTs testing for superiority and having a single primary 24 

endpoint, 43.8% reported a p-value of 0.05 for the primary endpoint. Based on post hoc power 25 

analysis, 33.9% of these RCTs had a calculated statistical power of 80%. 26 

 27 

RCTs characteristics according to type of funding and year of publication 28 
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Further analysis describing trial characteristics according to the type of funding and the year of 1

publication are provided in Supplementary Table 4 and Supplementary Table 5. 2 

 3 

 4 

RCTs characteristics according to class of recommendation and level of evidence 5 

There were 600 recommendations across the four CPGs for STEMI and NSTE-ACS. Four 6 

hundred thirty-seven recommendations had supporting evidence (i.e., at least one study was cited). 7 

Amongst these recommendations, there were 257 (58.8%) class I, 135 (30.9%) class II and 45 (10.3%) 8 

class III recommendations. As per LOE, there were 113 (25.9%) LOE A, 266 (60.9%) LOE B and 58 9 

(13.3%) LOE C recommendations. There were 274 recommendations that cited 1 RCT: 156 (56.9%), 10 

89 (32.5%) and 29 (10.6%) were class I, II, and III, respectively, whereas 84 (30.7%), 177 (64.6%), 11 

and 13 (4.7%) were LOE A, B, and C, respectively. For the class I recommendations, 156 out of 349 12 

(44.7%) recommendations cited at least one RCT. Similarly, 89 out of the 200 class II 13 

recommendations (44.5%) and 29 out of the 51 class III recommendations (56.9%) cited at least one 14 

RCT (Figure 4). 15 

The characteristics of the RCTs according to the class of recommendations and LOE are 16 

summarised in Table 4. Compared with RCTs cited in class II recommendations, RCTs cited in class I 17 

and III had a larger sample size (median of 2184 vs. 1502 vs. 2166 for class I, II, III, respectively, 18 

p<0.001). Compared with RCTs cited in class III recommendations, RCTs cited in class I and II had 19 

larger treatment effects (estimated relative risk of 0.80 vs. 0.79 vs. 0.87, for class I, II, and III, 20 

respectively; p<0.001). There was a significantly lower number of RCTs with a p-value 0.05 among 21 

class I recommendations (27.0%), compared to class II (34.2%) and class III (58.8%) (p<0.001). 22 

LOE comparisons were only performed comparing LOE A vs. LOE B recommendations. This 23 

is because LOE C recommendations are generally based on the consensus opinion of experts, or on 24 

small observational studies (i.e., data that is of limited value to compare treatments). RCTs cited in 25 

LOE A recommendations more frequently had a multicentre design (92.8% vs. 85.5%, p=0.014), and 26 

were more commonly blinded (56.5% vs 43.9%, p=0.007). In comparison to trials cited for LOE B 27 

recommendations, trials cited for LOE A also had a larger sample size (median sample of 2527 28 
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patients vs. 1810 patients, p=0.005). Whereas median p-values were significantly lower for RCTs 1

cited for LOE A in comparison to RCTs cited for LOE B recommendations (median p value 0.004 vs. 2 

0.009, p=0.035), the median observed treatment effect was not significantly different between RCTs 3 

cited in support of LOE A and LOE B recommendations (median relative risk 0.80 vs 0.82, p=0.998).  4 

 5 

Association between class I, LOE A recommendations and trial features 6 

We evaluated 12 potential determinants of Class I, LOE A recommendations by conducting a 7 

multivariate adjusted model (Table 5). Relative to Class II, LOE A recommendations, there were two 8 

trial features independently associated with a class I, LOE A recommendations (industry funding, and 9 

number of secondary outcomes). There were no significant associations with class I, LOE A 10 

recommendation among the remaining trial features. 11 

 12 

DISCUSSION 13 

RCTs are a key component in both the production and interpretation of CPGs(8,9).  The main 14 

findings of our systematic assessment of the methodological characteristics of the RCTs supporting 15 

ACC/AHA and ESC CPGs for STEMI and NSTE-ACS are as follows: (1) the observed treatment 16 

effect was lower than expected in 67.6% of RCTs, with 34.4% of RCTs having a treatment effect that 17 

was at least 20% lower than expected; (2) on post hoc analysis, the statistical power was calculated to 18 

be 0% for 33.9% of cited RCTs; (3) around half of all recommendations were supported by at least 19 

one RCT; (4) there was no difference in the sample size or estimated treatment effect between trials 20 

supporting recommendations with LOE A vs. LOE B; and (5) class I recommendations were supported 21 

more often by trials with a larger treatment effect and a lower p-value in comparison to class III 22 

recommendations. 23 

 Understanding the design, statistical challenges, and methodological issues relevant to RCTs 24 

is crucial in order for both CPG task forces to translate RCT evidence into applicable 25 

recommendations, and for clinicians to interpret these recommendations and implement them in 26 

clinical practice(10,11). There are a paucity of data on the type of RCTs supporting ACC/AHA and 27 
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ESC CPGs for ACS(20). To our knowledge, this is the first systematic approach assessing the 1

methodological features of the RCTs cited in these ACS CPGs. 2 

 Our results demonstrate that the ACS RCT landscape is dominated by trials testing a 3 

pharmacological intervention for superiority, comparing 2-arms and recruiting patients from multiple 4 

centers. Around half of cited RCTs were supported by industry and ~20% were exclusively funded by 5 

public sources, which is in line with a previous report addressing this issue in invasive cardiovascular 6 

RCTs(21) . In a separate study, Gaudino et al. reported a statistically significant difference in the 7 

primary outcome (p-value <0.05) among industry funded in comparison to those publicly funded trials 8 

(64.3% vs 48.5%). In our analysis, funding was not associated with a statistically significant difference 9 

in the primary outcome (industry funded vs public funded;  55.8% vs 58.2%). The difference between 10 

studies may be explained by the type of included trials, given that the study by Gaudino et al. focused 11 

on invasive cardiovascular intervention trials, whereas our analysis including trials supporting all 12 

recommendations from the ACS guidelines. The median sample size of the RCTs in our analysis was 13 

1001 patients, though around 25% of RCTs enrolled less than 250 patients. The median sample size 14 

was around 30% below the planned sample size, but 84.2% of RCTs achieved at least 80% of the 15 

planned sample size. In  line with our findings, a previous analysis reported a similar median sample 16 

size of 1192 participants when evaluating RCTs among the ACC/AHA and ESC guidelines for stable 17 

ischemic heart disease(22). Among the scarce related literature, other reports evaluating 21 RCTs 18 

supporting guidelines on venous thromboembolism prophylaxis(23), or assessing 399 RCTs published 19 

in high impact medical journals from 2004-2010(24), reported a lower median sample size of 400 20 

patients and 682 patients, respectively.  21 

Composite endpoints are commonly used in cardiovascular RCTs (25). In our cohort of RCTs, 22 

the primary endpoint was a composite in 51.9%, whereas it was a surrogate endpoint (i.e., not a 23 

clinical event) in 34.9%. Whilst the benefits of using composite endpoints in terms of efficiency are 24 

clear, there is a danger of oversimplifying the evidence if the individual components of the composite 25 

are of different magnitude or direction. For example, unplanned revascularization was included as part 26 

of a composite endpoint in 31.1% of the RCTs using a composite endpoint in our cohort. This tends to 27 

be the most frequently occurring (and often least clinically relevant) component of composite 28 



 11 

endpoints in ACS trials and tends to be the driver of event rates (26). In our cohort, 69.8% of the 1

RCTs had more than 3 secondary outcomes. The risk of type I error increases when assessing multiple 2 

endpoints(11). The interpretation of findings from multiple secondary outcomes is a statistical 3 

challenge that should be taken into account when interpreting the totality of the evidence supporting 4 

some recommendations. In a survey of all cardiovascular RCTs published in three top journals during 5 

2019, 75% of the RCTs performed no formal statistical correction for multiple outcomes(11).  6 

 In our cohort, 56.2% of the RCTs testing for superiority met their primary endpoint (i.e., 7 

reported a significant p value). However, the interpretation of RCT results should always go beyond p-8 

values(16,17), and focus on a more nuanced, sophisticated and balanced interpretation of trial 9 

evidence. In addition to statistical significance, a treatment difference should be large enough to matter 10 

in clinical practice (i.e., clinically meaningful). Of note, we reported that the observed treatment effect 11 

was lower than expected in 67.0% of RCTs, with 34.4% of RCTs reporting a treatment effect at least a 12 

20% lower than expected. It should be highlighted that these analyses had a median relative risk of 13 

0.81 regardless of their statistical significance, which translated into a substantial reduction in the 14 

incidence of the primary outcomes. However, our post hoc power analysis evaluating the statistical 15 

power based on the observed data revealed that the statistical power was higher than 0% for only 16 

33.9% of cited RCTs, indicating that the risk of type II error was high in many RCTs. It should be 17 

acknowledged that post hoc power analysis has some important limitations. Estimations performed 18 

when outcomes have already been observed is theoretically and conceptually flawed and may also be 19 

analytically misleading (27,28). A p-value higher than 0.05 was reported in 43.8 % of the RCTs 20 

testing for superiority. Importantly, one needs to take into account that CPGs cite all types of RCTs in 21 

order to capture the totality of evidence and avoid bias. For instance, some of the RCTs might be 22 

underpowered for their primary endpoint, but might have provided other relevant information, and in 23 

some areas (e.g., cardiogenic shock), only small trials might be available. 24 

 The type of RCTs cited differed by class of recommendations. RCTs with a larger treatment 25 

effect and statistical significance were more frequently cited in class I  than 26 

class III recommendations . These observations can be partly explained by the 27 

current grading system. In order to not recommend an intervention, less evidence seems to be needed, 28 
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probably due to ethical and futility considerations. In addition, to receive a Class III recommendation, 1

an intervention can either not demonstrate a benefit or may in fact be harmful, but for a Class I 2 

recommendation, an intervention must demonstrate a benefit.  In addition, it is interesting to note that 3 

while there were no substantial differences in terms of sample size and treatment effect for RCTs 4 

supporting recommendations with LOE A or B, there were significant differences in trial design. For 5 

LOE A recommendations, cited RCTs were more commonly multicenter, placebo controlled and had 6 

some type of blinding, in comparison with RCTs cited for LOE B recommendations. 7 

 While there is no doubt regarding the important contribution of industry funding to guideline 8 

changing RCTs, previous studies have been stressed the differences in study design and potential 9 

reporting bias between industry funded and non-industry funded trials(29,30). Our data expands the 10 

knowledge in the field by not only focusing on industry trials, but by comparing trial determinants of 11 

class IA recommendations (as compared to class II LOE A). In our current cohort of RCTs, we were 12 

able to identify few trial factors associated with class IA recommendations. Of note, industry-funded 13 

studies were independently associated with class I, LOE A as compared to class II, LOE A. The 14 

association of industry-funded trials with a class I, LOE 15 

compared with a class II, LOE class 16 

I recommendations more frequently dealing with pharmacological interventions (31), as trials of this 17 

type were more frequently industry funded (Supplementary Table 4, industry funded vs public 18 

funded, 65.7% vs 43% p=0.001).  19 

 20 

 21 

LIMITATIONS 22 

Our analysis should be interpreted in the light of several limitations. We focused only on 23 

ACC/AHA and ESC CPGs for ACS (because of their global impact), and did not evaluate CPGs from 24 

other scientific societies. S when performing 25 

comparisons between recommendations (e.g., one RCT might be part of a recommendation with a 26 

LOE A, and in a separate recommendation of LOE B)(7). Finally, we manually estimated relative risks 27 

to have a common estimate of the primary outcome for all RCTs. Nevertheless, it should be 28 
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acknowledged that the effect size cannot be interpreted in the same way for relative risks than other 1

estimates (if an odds ratio is less than one, then it is always smaller than the relative risk). In the same 2 

vein, time-to-event was not considered when evaluating relative risks. 3 

 4 

CONCLUSIONS 5 

The majority of RCTs cited by ACC/AHA and ESC CPGs for STEMI and NSTE-ACS tested 6 

a pharmacological intervention for superiority in 2-arm trials recruiting patients from multiple centres.  7 

Most RCTs had an active comparator and around half were supported by industry. While the majority 8 

of RCTs achieved at least 80% of their expected sample size, ~one-third were calculated to have post 9 

hoc statistical power of >80%. The observed treatment effect was lower than expected in two-thirds of 10 

RCTs. This analysis demonstrates that RCTs cited by CPGs can still have significant methodological 11 

issues and limitations, highlighting that a better understanding of the methodological aspects of RCTs 12 

is crucial in order to formulate recommendations relevant to clinical practice. 13 

  14 
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TABLES1
2

Table 1. Publication characteristics, study design and statistical approach of the set of 407 RCTs 3 
 4 

Publication characteristics N (%) 
Year of publication  

 104 (25.6) 
2000-2010 157 (38.6) 
>2010 146 (35.9) 

Source of funding  
Industry 188 (46.2) 
Public 79 (19.4) 
Both 77 (19.0) 
Not reported 63 (15.5) 

Design and statistics of RCTs N (%) 
Event driven trial 43 (10.6) 
Type of primary statistical analysis  

Intention-to-treat  355 (87.2) 
Per-protocol  1 (0.3) 
Both 8 (2.0) 
Not reported 42 (10.6) 

Mention to planned sample size 328 (80.6) 
Planned sample size  

 146 (44.5) 
1000-3000 85 (25.9) 
3000-5000 24 (7.3) 
5000-10.000 33 (10.1) 

 40 (12.2) 
Estimates for the primary outcome assessment in 
superiority RCTs 

 

Hazard ratio 56 (15.2) 
Relative risk 147 (40.0) 
Odds ratio 48 (13.0) 
Incidence rate ratio 1 (0.3) 
Not applicable (i.e., non-binary outcomes) 43 (14.4) 
Not reported 69 (18.8) 

Statistical power reported 332 (81.6) 
Expected statistical power  

 201 (60.5) 
>85% 131 (39.5) 

Early stopping  
No 365 (89.9) 
Safety 12 (3.0) 
Efficacy 14 (3.5) 
Futility 4 (1.0) 
Low enrolment 11 (2.7) 

Number of expected events  
 43 (18.9) 

100-200 40 (17.5) 
200-400 51 (22.4) 
400-600 31 (13.6) 

 63 (27.6) 
5 
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Table 2. Outcomes and follow-up of the RCTs cited in ACC/AHA and ESC STEMI and NSTE-ACS CPGs. 1 
2

 3 
Characteristics N (%) 

Type of primary outcome  
Single primary outcome 370 (90.9) 
Two co-primary outcomes 37 (9.1) 

Purpose of the single primary outcome  
Efficacy 327 (88.4) 
Safety 19 (5.1) 
Both 24 (6.5) 

Surrogate variable in the primary outcome 141 (34.6) 
Type of outcomes in composite primary outcomes  

All-cause death 113 (58.6) 
CV death 58 (30.1) 
MI 155 (80.3) 
Unstable angina or refractory ischaemia 32 (16.6) 
HF 24 (12.4) 
Unplanned revascularization 60 (31.1) 
Stroke 73 (37.8) 
Bleeding 22 (11.4) 

Secondary safety endpoint 188 (46.3) 
Number of secondary outcomes, median (IQR) 5 (3-7) 
Number of secondary outcomes  

 112 (30.2) 
4-8 202 (54.5) 

 57 (15.4) 
Mean follow up time  

<1month 114 (28.1) 
1-month 97 (23.8) 
>1 month to 1 year 63 (15.5) 
1-3 years 94 (23.1) 
>3 years 39 (9.6) 

Lost to follow up reported 346 (85.0) 
Lost to follow up  

<1% 232 (67.1) 
1-5% 65 (18.8) 

 49 (14.6) 

  4 
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Table 3. Sample size, outcomes, relative risk and statistical power for RCTs testing for superiority in single 1 
primary endpoints (either binary or composite)2
 3 

Characteristics No. (%) 
Total RCTs 257 
Observed sample size, median (IQR) 1232 (421-4444) 
Observed sample size  

 109 (42.4) 
1000-4000 80 (31.1) 
>4000 68 (26.5) 

Consistency between planned and observed sample size  
<80% (lower than expected) 38 (17.7) 
80-100% 58 (27.0) 
>100% (higher than expected) 119 (55.4) 

Number of observed outcomes, median (IQR) 210 (66-569) 
Number of observed outcomes (categories)  

 121 (49.0) 
200-1000 90 (36.4) 
>1000 36 (14.6) 

Lower than expected observed relative risk (n=206 reporting data) 136 (66.0) 
Percentage of mismatch for RCTs with lower-than-expected relative risk (n=136), n (%)  

 39 (26.7) 
10-20% 54 (39.7) 
>20% 43 (31.6) 

Lower than expected observed relative risk (n=185 reporting data) 125 (67.6) 
Percentage of mismatch for RCTs with lower-than-expected relative risk (n=125), n (%)  

 38 (30.4) 
10-20% 44 (35.2) 
>20% 43 (34.4) 

Percentage of trials with a number of observed outcome events lower than expected  
(n=187 reporting data) 

104 (53.5) 

Percentage of mismatch for RCTs with lower-than-expected number of outcomes 
(n=104), n (%) 

 

 35 (33.7) 
25-50% 26 (25.0) 
>50% 43 (41.4) 

Observed difference in the percentage of primary endpoints between the control and the 
intervention arm 

 

 89 (36.0) 
2-6% 79 (32.0) 
>6 % 79 (32.0) 

p-value for single primary outcomes 0.039 (0.003-0.339) 

 60 (23.4) 
0.01-0.001 42 (16.3) 
0.05-0.01 42 (16.3) 

 113 (44.0) 
  4 
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Table 4. Summary of the RCTs supporting the ACC/AHA and ESC STEMI and NSTE-ACS CPGs by class of 1 
recommendation and level of evidence2
 3 

 Class of recommendation   Level of evidence*  

 
I 

(n=291) 
II 

(n=156) 
III 

(n=40) 
p-

value 
 

A 
(n= 207) 

B 
(n=262) 

p-
value 

Type of trial    0.082    0.151 
Pharmacological 205(70.5) 94(60.3) 27(67.5)   147(71.0) 164(62.6)  

Management Strategy 74(25.4) 55(35.4) 9(22.5)   52(25.1) 83(31.7)  
Device & Others 12(4.1) 7(4.5) 4(10.0)   8(3.9) 15(5.7)  

Year of publication    <0.001    0.006 
<2000 78(26.8) 20(12.8) 3(7.5)   45(21.7) 49(18.7)  

2000-2010 171(58.8) 80(51.3) 24(60.0)   101(48.8) 164(62.6)  
>2010 42(14.4) 56(35.9) 13(32.5)   61(29.5) 49(18.7)  

Funding    0.358    0.063 

Partial or complete Industry  235 (87.4) 
122 

(82.4) 
29(82.9)   178 (88.6) 194 (82.2)  

Non-Industry 34 (12.6) 26 (17.6) 6 (17.1)   23 (11.4) 42 (17.8)  
Any type of blinding 152(52.2) 71(45.5) 21(52.5) 0.380  117(56.5) 115(43.9) 0.007 
Use of placebo in the 

comparison arm 
88(30.2) 35(22.4) 16(40.0) 0.054  70(33.8) 62(23.7) 0.015 

Surrogate endpoint 52(17.9) 34(21.8) 10(25.0) 0.415  33(15.9) 54(20.6) 0.197 
Safety endpoint 145(49.8) 91(58.3) 26(65.0) 0.076  119(57.5) 135(51.5) 0.198 

Independent events 
adjudication committee 

191(61.6) 106(68.0) 30(75.0) 0.481  153(73.9) 164(62.6) 0.009 

Mean follow up >1 year 116(39.9) 56(35.9) 10(25.0) 0.171  89(43.0) 9(34.4) 0.056 
Observed sample size    <0.001    0.001 

1500 106(36.6) 78(50.0) 16(40.0)   66(32.0) 125(47.7)  
1500-5000 90(31.0) 29(18.6) 7(17.5)   69(33.5) 51(19.5)  

5000-15.000 44(15.2) 31(19.9) 14(35.0)   41(19.9) 46(17.6)  
>15.000 50(17.2) 18(11.5) 3(7.5)   30(14.6) 40(15.3)  

Consistency between 
planned and observed 

sample size 
   0.359    0.343 

<80% (lower than expected) 28(12.2) 12(8.6) 1(2.9)   21(12.0) 17(7.8)  
80-100% 70(30.4) 50(35.7) 11(31.4)   54(30.9) 75(34.6)  

>100% (higher than 
expected) 

132(57.4) 78(55.7) 23(65.7)   100(57.1) 125(57.6)  

No. Observed events for 
single primary outcome 

392(155-
1301) 

301(78-
762) 

347(211-
1262) 

0.038 
 

405(164-
982) 

308(106-
1262) 

0.277 

p-value for single primary 
outcomes in superiority 

RCTs 
   <0.001    0.261 

 97(42.9) 42(34.2) 4(11.8)   63(41.2) 70(32.9)  
0.01-0.001 35(15.5) 30(24.4) 9(26.5)   30(19.6) 41(19.3)  
0.05-0.01 33(14.6) 9(7.3) 1(2.9)   18(11.8) 24(11.3)  

 61(27.0) 42(34.2) 20(58.8)   42(27.5) 78(36.6)  
Observed relative risk for 
single primary outcomes 
and binary /composite 

primary endpoint 

   0.001    0.980 

 46(23.2) 34(31.5) 2(6.7)   59(35.8) 76(36.7)  
0.65-0.75 33(16.7) 12(11.1) 1(3.3)   53(32.1) 66(31.9)  
0.75-0.85 72(36.4) 29(26.9) 9(30.0)      

>0.85 47(23.7) 33(30.6) 18(60.0)   53(32.1) 65(31.4)  
Lower-than-expected 

relative risk 
99(64.7) 56(63.2) 23(88.5) 0.038  64(58.2) 111(73.3) 0.010 

*Level of evidence (LOE) comparisons were performed between LOE A vs. LOE B given that LOE C is generally 4 
based on consensus opinion of experts, or small observational studies. 5 
Randomised clinical trials; ACC/AHA, American College of Cardiology/American Heart Association; ESC, 6 
European Society of Cardiology. CPGs, clinical practice guidelines. 7 
 8 
  9 
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Table 5. Multivariate logistic regression model for class I LOE A recommendation vs. class II LOE A. 1 

 2 
  Class I LOE A vs class II LOE A  

 Multivariate aOR 95% CI p-value 

Complete or partial industry funding 7.61 (1.70-34.00) 0.008 

Type of intervention   
Pharmacological 1.45 (0.16-12.97) 0.741 

Management Strategy 1.89 (0.21-17.22) 0.572 
Device & Others Ref.  

Superiority hypothesis design 1.10 (0.32-3.78) 0.880 

International cohort 0.99 (0.32-3.07) 0.985 

Multicenter cohort 1.22 (0.13-11.34) 0.864 

>2 arm design 0.68 (0.22-2.11) 0.505 

Active arm in the comparison arm 1.60 (0.57-4.53) 0.376 

Any type of blinding 0.64 (0.19-2.18) 0.479 

Independent events adjudication committee 0.85 (0.27-2.69) 0.778 

No. of secondary outcomes   
3 4.32 (1.04-17.91) 0.044 

4-8 5.34 (1.54-18.57) 0.008 
>9  Ref.  

Planned sample size per 1000 patients 0.99 (0.95-1.03) 0.616 

Mean follow up >1 year 1.24 (0.49-3.14) 0.647 

 3 
aOR: adjusted odds ratio; Level of evidence (LOE)  4 
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FIGURE LEGENDS1
 2 
 3 
 4 
 5 
Graphical abstract. Characteristics of randomised controlled trials cited by acute coronary syndrome 6 
clinical practice guidelines 7 
  8 
 9 
 10 
 11 
Figure 1. Basic characteristics of the 407 RCTs cited in the ACC/AHA and ESC STEMI and NSTE-12 
ACS CPGs 13 
 14 
 RCTs, randomised clinical trials; ACC/AHA, American College of Cardiology/American Heart 15 
Association; ESC, European Society of Cardiology; STEMI, ST elevation myocardial infarction; 16 
NSTE-ACS, non-ST elevation acute coronary syndrome; CPGs, clinical practice guidelines. 17 
 18 
 19 
 20 
 21 
Figure 2. Outcomes and samples size of the 336 RCTs testing a single primary endpoint for 22 
superiority  23 
 24 
The study population of panels A, C and E comprises all superiority RCTs with a single primary 25 
outcome, whereas for panel B comprises only those with a composite primary outcome and for panel 26 
D those RCTs with either a binary or a composite outcome. 27 
RCTs, randomised clinical trials. 28 
 29 
 30 
 31 
 32 
Figure 3. Observed relative risk and p-value of the 257 RCTs testing for superiority a single primary 33 
endpoint (either binary or composite) 34 
 35 
RCTs, randomised clinical trials. 36 
 37 
 38 
 39 
 40 
Figure 4. Association between class of recommendation and level of evidence and the presence of 41 
supporting RCTs 42 
 43 
RCTs, randomised clinical trials; ACC/AHA, American College of Cardiology/American Heart 44 
Association; ESC, European Society of Cardiology 45 












