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ABSTRACT

Aims. Clinical practice guidelines (CPGs) are published to guide the management of acute
coronary syndrome (ACS). We aimed to critically appraise the representativeness and standard
of care of randomised clinical trials (RCTs) supporting CPGs for ACS.

Methods and Results. American and European CPGs for ST- and non-ST-elevation ACS were
screened to extract all references (n=2128) and recommendations (n=600). Among the 407
primary publications of RCTs (19.1%), there were 52.6% and 73.2% recruiting patients in North
America and Europe, respectively, whereas other regions were largely underrepresented (eg.,
25.3% RCTs recruited in Asia). There was 68.6% RCTs enrolling patient with ACS, whereas the
remaining 31.4% did not enroll any patient with ACS. There was underrepresentation of some
important subgroups, including elderly, female (29.9%) and non-white patients(<20%). The
incidence and type of reperfusion reported in these RCTs were not reflective of current clinical
practice (the percentage of patients who underwent percutaneous coronary intervention (PCl)
among all RCTs was 42.7%; whereas for ST-Elevation., Myocardial Infarction patients, the
number of participants who underwent fibrinolysis ‘was 3.3-fold higher than those who
underwent primary PCl). All-cause mortality{in these RCTs was 11.9% in RCTs with a follow-up

<1year.

Conclusion. RCTs supporting CPGs for’ACS are not fully representative of the diversity of the
ACS population and their curgrent standard of care. While some of these issues with
representativeness may be explained by how evidence has been accrued over time, efforts
should be madesby trialists to ensure that the evidence supporting CPGs is representative of

the wider-ACS,population.
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INTRODUCTION

Clinical practice guidelines (CPGs) are published to guide the diagnosis, treatment and
prevention of acute coronary syndrome (ACS). They aim to inform clinical decision making by
providing a set of evidence-based recommendations. Under this framework, these
recommendations are classified according to their strength (class of recommendation), and the
underpinning level of evidence (LOE).* Randomized clinical trials (RCTs) are a key paradigm in
evidence-based medicine,” and are key to understanding the recommendations provided by
CPGs.

Representativeness means that a subset of a population accurately reflects ‘the
characteristics of the larger group. Adequate representativeness of the patients”enrelled in
RCTs is critical for the generalizability of their findings. ** Before the inclusion of ‘pafticipants
from other regions of the world became a standard in global trials, théimajority of RCTs were
conducted in Western Europe and Northern America.”> Previous 'studies have consistently
shown that some subgroups of patients (i.e. women, older=people, and non-white ethnic
groups) have been historically underrepresented .in. ACS RCTs, despite the fact that they
comprise a substantial proportion of patients with ACS.®

Recent advances in the pharmacological and invasive management of patients with
ACS have led to significant improvements/in prognosis, and have consequently changed the
proportion and characteristics of*ACS survivors.” Therefore, the recommendations made by
contemporary CPGs may be based on RCTs tested predominantly in certain geographic
regions, with a preponderance of young, white, male patients, and may not be reflective of the

current standard of care.”®*®

A thorough evaluation of the RCT based evidence which supports
ACS guidelines may be useful to identify if this is the case.
The American College of Cardiology/American Heart Association (ACC/AHA) and

European Society of Cardiology (ESC) have published CPGs to guide the management of both

ST-Elevation Myocardial Infarction (STEMI), and Non-ST-Elevation Acute Coronary Syndrome
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(NSTE-ACS).'*® Previous reports appraising CPGs content have mainly focused on tabulating

the number of recommendations according to their class and LOE,**

or evaluating the LOE
based on the type of funding'® or the type of management (e.g., recommendations regarding
therapeutic or diagnostic approaches)."

A better understanding of the underlying study population and the standard of care at
the time RCTs were conducted may be useful to evaluate the representativeness of the
evidence supporting American and European CPGs. Using a systematic approach, we have
evaluated all RCTs cited in ACC/AHA and ESC ACS CPGs, with the following aims: (1) to quantify
geographic imbalances in RCTs recruitment; (2) to determine the type of patients recrdited
(ACS vs non-ACS and STEMI vs. NSTE-ACS); (3) to report baseline characteristics.and major
exclusion criteria; (4) to determine the prevalence of the invasive and reperfusion.approaches;
and (5) to describe the relevant clinical outcomes. The overarching aim of ‘this analysis is to

provide a critical appraisal of the representativeness of the evidencessupporting current ACS

guideline recommendations.

METHODS

Clinical practice guidelines

Current ESC and ACC/AHA“CPGs, for ACS were identified as those posted on the ESC
(https://www.escardio.org/Guidelines/Clinical-Practice-Guidelines) and ACC
(https://www.acc.org/guidelines) websites as of January 1, 2022. Only guideline documents
that included reecemmendations organized by class and LOE, clearly highlighted and separated
from the rest 'of'the text, were included for this analysis. Focused updates were not included

8 Four

because  they are not representative of the evidence base for an entire topic.
documents were eligible: (a) 2013 ACC/AHA Guideline for the Management of ST-Elevation
Myocardial Infarction, (b) 2014 ACC/AHA Guideline for the Management of Patients With Non-

ST-Elevation Acute Coronary Syndrome, (c) 2017 ESC Guidelines for the management of acute
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myocardial infarction in patients presenting wit ST-segment elevation, and (d) 2020 ESC
Guidelines for the management of acute coronary syndrome in patients presenting without

persistent ST-segment elevation. >3

References supporting CPGs

All references were retrieved from the four guidelines (Figure 1). Two authors (JS-P
and LB-P) screened each title and abstract independently and classified each reference
according to whether they contained randomized data or not. Further, RCTs were classified
into two types: primary publications of RCTs, and secondary publications of RCTs (e.g.,
secondary endpoints, subgroup analyses, post hoc analyses). To avoid overrepresenting some
trial populations, secondary analyses of RCTs were excluded from our analysis. Any
disagreements between the two authors over the classification of a paper weére resolved after

consultation with a third researcher (XR).
Randomised clinical trials

After screening of all references and the selection. of*references reporting on the
primary publications of RCTs, the information relevant to representativeness from each RCT
was extracted by one of the authors (CM-L).

Information included in this analysis was collected at two levels. Some information was
collected at the RCT-level (e.g., whether-a RCT was recruiting patients in Europe), whereas
other data was collected at.the.aggregated-patient level (e.g., the number of women recruited
in each RCT). This lattérapproach was useful to provide more accurate percentages (e.g., the
number of women,provided in each RCT was added up and then divided by the total number
of participants\in all RCTs). Of note, aggregated data was collected only for the control group
undeér the hypothesis that it was the arm that better represented the standard of care at the
time the RCT was conducted (e.g., the number of patients who underwent fibrinolysis or
primary percutaneous coronary intervention in each control group were gathered from all

RCTs). For head-to-head trials with active comparators (e.g., primary percutaneous coronary
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intervention vs fibrinolysis), the type of reperfusion was not taken into account when
calculating percentages, because 100% of the control group had received one of the

approaches by definition.

Recommendations

Recommendations were identified as clearly displayed statements highlighted and
separated from the rest of the document text, with each recommendation having both a class
of recommendation and LOE. '® Recommendations were extracted from each of the CPGs by a
single reviewer (XR) and validated by another reviewer (MG-D-H). The references used_to
support each recommendation were also retrieved and linked with the produced dataset.

Recommendations were categorized according to their class and LOE. Based“on their
class, recommendations can be categorized as: | for those with evidencevand/or general
agreement that a given treatment or procedure is beneficial, useful, effective; Il for those with
conflicting evidence and/or a divergence of opinion about the Usefulness/efficacy of the given
treatment or procedure; and Ill for those with evidence or general agreement that the given
treatment or procedure is not useful/effective, and in\some cases may be harmful. Class Il is
subsequently sub-categorised as lla if thé“\weight of evidence/opinion is in favour of
usefulness/efficacy, or b if usefulness/efficacyis less well established by evidence/opinion. In
this analysis, we evaluated all class,l.recommendations together.***

According to the LOE, recommendations can be categorized as LOE A if they are
supported by multiple RCTs/or meta-analyses, LOE B if they are supported by data derived
from a single RCT or large non-randomised studies, and LOE C if the recommendation is based
on consénsus' of opinion of the experts and/or small studies, retrospective studies,

registries:>"

£z0z Arenuga4 /0 uo Jasn sieajeg s9||| - Injesolqig Aq #71.2500//.00pedb/oooblys/e601 0 L/10p/a]211ue-a0ueAPE/009b[ys/W0d dno-ojwapede//:sdiy wol papeojumoq



Data analysis

Analyses were made at several levels. At the reference-level, we calculated the
percentages of RCT references included in the guidelines (as a percentage of the total number
of references). At the RCT-level, we calculated percentages by type of recommendation (class
and LOE), and by guidelines (ESC vs ACC/AHA for geographic comparisons; or STEMI vs NSTE-
ACS for comparisons of type of ACS). These comparisons were made using either the x” test, or
a nonparametric test for trend across ordered groups (e.g., LOE A vs. B vs. C). At the
aggregated patient-level, we provided either absolute figures (e.g., the number of patients
recruited in the control and the active arm), or provided percentages obtained by adding,all
the information collected in the control group of each RCT (e.g., 396 trials provided. the
number of female patients, so the numbers in the control groups were added up‘and used to
calculate the percentage of female patients in all control groups in.the=396 trials). For the
baseline characteristics, categorical data were presented using.frequencies and percentages,
whereas continuous data were presented as means and standard deviations (SD). All statistical
analyses were performed using STATA software, vérsion 15.1 (Stata Corp, College Station,

Texas, USA).

RESULTS

General description of references, RCTs and recommendations in ACS guidelines

We extracted-2128 non-duplicated references with PMIDs (PubMed Identifier) across
the four guidelines (Figure 1). Among these extracted references, 407 (19.1%) were primary
publications of RCTs. There were also 151 (7.1%) secondary publications of RCTs, which were
notinhcluded. The majority of included RCTs (75.7%) were published after the year 2000.

The percentage of RCTs cited in each guideline was 21.8% in the ACC/AHA STEMI
guideline, 30.1% in the ESC STEMI guideline, 17.0% in the ACC/AHA NSTE-ACS guideline and

21.5% in the ESC NSTE-ACS guideline (Figure 1). Of the 407 cited RCTs, 305 (74.9%) were only
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cited in one CPG, with the remaining 102 cited in more than one CPG (19.7%, 3.9%, and 1.5%
in 2, 3 and 4 CPGs, respectively).

There were 600 recommendations between the 4 CPGs (123 in ACC/AHA STEMI, 160 in
ESC STEMI, 185 in ACC/AHA NSTE-ACS, and 132 in ESC NSTE-ACS). Primary publications of
RCTs were cited 487 times in these recommendations. Among them, 245 (52.5%) were cited
once, whereas 242 were cited in at least two recommendations (within, or between

guidelines).

Geographic representativeness

Most of the included RCTs recruited patients from North America and Europg (52.6%
and 73.2% respectively), with substantial differences between American and.sEuropean
guidelines (Figure 2 A). Other regions were largely underrepresented in the RCTs used to
support the CPGs, with only 25.3% of recruited patients being from Asia, 20.4% from Latin-
America, 19.9% from Australia, and 12.8% from Africa (12.8%) (Figure 2 A).

To investigate whether certain recommendations were more European- or American-
centric, the percentage of RCTs recruiting patients-from North America and Europe are also
reported by type of recommendation (class ‘and LOE) in Figure 2 (panels B-E). In the ESC
guidelines, the percentage of RCTs recruiting patients in Nort-America was higher for class |
than for class Il or Ill recommendations (p=0.004). Similarly, LOE A recommendations had an
almost significantly higher“percentage of RCTs recruiting European participants than LOEs B
and C (p=0.058). In ACC/AHA guidelines, there were non-significant differences in the

percentage of RCTswrecruiting in North America and Europe by LOE.

Primany=diagnosis of the study population

There were 279 (68.6%) RCTs enrolling patients with ACS, with some heterogeneity

across guidelines (Figure 1 shows differences by guideline). The remaining 128 (31.4%) RCTs
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enrolled patients with other conditions, with 80 RCTs (19.7%) specifically excluding patients
with ACS according to their inclusion criteria.

The percentage of RCTs enrolling patients with STEMI in the STEMI guidelines (both
ESC and AHA) was significantly different by classes of recommendations (I, 67%; 1l, 78%; llI,
80%; p=0.028), but not across LOEs (A, 75%; B, 70%, C 64%; p=0.246) (Figure 3 A). For NSTE-
ACS guidelines, there were no significant differences in the distribution of RCTs recruiting
patients with NSTE-ACS, but percentages ranged between 55% and 36% (i.e., in most RCTs
supporting evidence in NSTE-ACS guidelines, the majority of RCTs did not recruit patients with
NSTE-ACS) (Figure 3 B).

A total of 1,582,039 patients were recruited in the 407 RCTs (728,605 in_the control
arm, and 853,434 in the active arm). We quantified the number and type of“ACS_patients
recruited in the control group of each RCT and pooled this information together. Amongst the
patients in the control arms, 35.2% had STEMI and 22.3% had NSTE-ACS.'The percentages of
patients with STEMI in STEMI guidelines, and with NSTE-ACS\ in)NSTE-ACS guidelines, are
reported by type of recommendation in Figure 3 (panels\C-D). Of note, there were 55 RCTs
including both STEMI and NSTE-ACS patients. The percentage of patients without ACS varied
across the different types of recommendations (e:g., 14% of patients recruited in the control

arm of RCTs cited in class | recommendations had no ACS) (Figure 3, panels E-F).

Eligibility criteria and baselinexcharacteristics

There were 23.2% RCTs which excluded patients based on an upper limit for age.
Among the 407 RCTs, 55 (13.5%) restricted the inclusion of patients to those younger than 80
years of age, and 11 (2.7%) restricted the inclusion to those older than 70. Patients with
chronic kidney disease, on hemodialysis or on anticoagulation were broadly excluded (Table 1
lists the main exclusion criteria).

Baseline characteristics were analysed for the control arm of each RCT. Table 2

summarises these baseline characteristics and their availability across the whole set of 407
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RCTs. The mean age of the enrolled patients was 62.1+6.3 years. There was a total of 208,564
women recruited between all control groups, representing 29.9% of the control population.
Enrolled patients were predominantly white (80.1%), though this data was only available in

26.1% of the RCTs.

Invasive approach and reperfusion management

Overall, 184,815 patients underwent percutaneous coronary intervention (PCl) in the
control arms of the RCTs (42.7%). This information was only available in 65.8% of RCTs (aligned
with the number of RCTs not including ACS patients). These data did not vary substantially_by
type of recommendation in both STEMI and NSTE-ACS guidelines (Figure 4 A-B). There were
major differences in the numbers and types of reperfusion therapies in RCTs included in the
STEMI (ACC/AHA and ESC) guidelines. The majority of patients with STEMI, in the control
groups of these RCTs were treated with fibrinolysis (113,552 patients), followed by a primary
PCI (34,645 patients). Hence, the number of patients who underwent fibrinolysis was 3.3-fold
higher than those who underwent primary PCIl. Differences in reperfusion therapy by

recommendation type are shown in Figure 4 C-D.

Observed endpoints

All-cause mortality and major nenfatal cardiovascular events in the control group were
collected and classified into 4 categories according to the follow-up period of each RCT: (a) up
to 72h after randomisation,\(b)rbetween 72h and 1 month, (c) between 1 month and 1 year,
and (d) >1 year. All-cause mortality percentages were 4.7%, 6.6%, 11.9%, and 8.3%,
respectively. Non=fatal myocardial infarction percentages were 3.4%, 3.9%, 4.8%, and 5.0%,
respectively:*Non-fatal stroke percentages were 0.5%, 0.8%, 1.0%, and 2.8%, respectively.
Information on these endpoints in the control groups was available in 333 (82.0%) RCTs for all-

cause mortality, 291 (72.9%) RCTs for non-fatal MI, and 195 (48%) RCTs for non-fatal stroke.
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Sensitivity analyses

Further evaluations were made to compare representativeness between RCTs
published before and after year 2000 (Supplementary material online, Table S1), as well as
between randomized studies supporting ESC and ACC/AHA CPGs (Supplementary material
online, Table S2), and between RCTs supporting STEMI and NSTE-ACS CPGs (Supplementary

material online, Table S3).

DISCUSSION

The main findings of this analysis can be summarized as follows: (1) less than 20% of all
references in ACS guidelines were primary reports of RCTs; (2) the majority of referenced RCTs
recruited patients in North-America and Europe, with other regions largely underfepresented;
(3) only 68.6% of referenced RCTs enrolled patients with ACS,wwith the remaining RCTs
enrolling patients with other conditions and 19.6% of referenced”RCTs actively excluding
patients with ACS; (4) there was underrepresentation-ofisome”important groups of patients,
including elderly, female and non-white patients; (5) the incidence and type of reperfusion
used in the control groups of the referenced RE€Ts was not representative of current clinical
practice; and (6) all-cause mortality4in the referenced RCTs was largely higher than current
standards.

CPGs are grounded ‘on objective, high-quality evidence, and influence the care
provided to millions of people worldwide. Cardiologists report CPGs to be their main resource
for clinical decision-making."” The main findings of this study do not aim to challenge this
evidence-based paradigm. Rather, they emphasise the need to evaluate RCTs supporting CPGs
in theulight of their limitations. Due to the accrual of evidence over time, there is an
unavoidable gap between the broad scope of guidelines recommendations and the narrow

representativeness provided by the RCTs which support them.
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RCTs, especially large cardiovascular outcome trials, and meta-analyses combining
their findings, represent the pinnacle of evidence-based medicine.”® RCTs have greatly
contributed to improvements in cardiovascular health on a global scale, and have been pivotal
in shaping the evidence-based cardiovascular policies that are employed by decision-makers.
Across a number of cardiovascular subfields, adherence to guideline recommendations
translates the treatment benefits demonstrated in high quality RCTs to improved patient
outcomes in clinical practice.”* >

Cardiovascular outcome trials have become increasingly globalized in recent decades.’
The inclusion of participants from many different regions of the world ensures timely
recruitment and improves the generalizability of results beyond Western Europe and Northern
America. In our study, most RCTs supporting CPGs recruited patients in North*America and
Europe (52.6% and 73.2% respectively), whereas other regions were largely underrepresented
(25.3% in Asia, 20.4% in Latin-America, 19.9% in Australia, and 12.8%vin Africa). These figures
raise issues about whether the impact of some interventions might-vary across regions (wide
geographical differences has been described at patient-level in terms of genetic background,
concomitant comorbidities and medications, butialso at health care system-level in terms of

24,25
“> Event rates

ischemic time delays, and the prevalence-and/oritype of reperfusion therapy).
have also been described to vary across regions, which might have implications when
interpreting any potential heterogeneity in treatment effect.”® Once concerning point of the
geographic-based findings in this analysis is that they may lead to questioning regarding the
applicability of the trial results to all regions of the world. However, it should be
acknowledged that this situation is now changing with the contemporary implementation of
globalRETs:”5*

Only 68.6% of referenced RCTs enrolled patients with ACS, with the remaining 31.4%

RCTs enrolling patients with other conditions. Of note, 19.6% of referenced RCTs actively

excluded patients with ACS. Although this number of RCTs not recruiting patients with ACS
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might seem alarmingly high, this deviation can be easily explained in many occasions. For
example, the majority of RCTs supporting the use of beta-blocker treatment on patients with
ACS and heart failure and/or left ventricle dysfunction excluded an ACS population, but chronic
coronary syndrome or patients after 1-3 months of an ACS could be included.**>* CPGs
included this evidence in the secondary prevention section, extrapolating this evidence to
post-ACS patients. Some evidence primarily obtained for patients with heart failure with
reduced ejection fraction was also used in CPGs for those post-ACS patients with systolic
dysfunction (e.g., mineralocorticoid receptor antagonists trials like RALES and EMPHASIS-
HF).>>" In other occasions, RCTs without ACS patients were cited to contextualise, but the
subsequent addition of other RCTs including ACS patients was then used to specifically.address
the management in ACS population. This might be the case for the recommendation table
dealing with antithrombotic therapy in patients with ACS and atrial fibrillation, which included
RCTs recruiting patients only with atrial fibrillation (e.g., ARISTOTLE)*and RCTs with patients
with both atrial fibrillation and ACS (e.g., AUGUSTUS).”’

Although age, sex, and race/ethnicity are important ‘factors when generalizing the
findings of RCTs to routine practice, the representation of these groups in the evidence
supporting contemporary CPGs for ACS had,.not been previously defined. In line with previous
reports, some relevant groups were underrepresented. In some cases, the eligibility criteria
specifically excluded some subgroups”(23.2% had restrictive entry criteria for older people,
resulting in a mean age ‘of 62.1 years for RCTs participants). In other cases,
underrepresentation could be identified by evaluating either percentages (women
represented less, than 30% of the patient recruitment) or the availability of the data
(racial/ethnicydata was only available in 26.1% of RCTs, and when available there was an
overwhelming percentage of white people enrolled in RCTs). Our data confirm previous
reports showing that some subgroups have been historically underrepresented and sometimes

6,39,40
d.

undertreate A previous systematic review supports these findings, concluding that older
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patients, women and non-white patients are still underrepresented in contemporary ACS trials
compared with epidemiologic studies with real-world patients.*!

The incidence and type of reperfusion reported in our set of RCTs were both far below
modern clinical practice. Contemporary ACS registries have reported that between 70-80% of
patients are treated invasively with PCl, but only 42.7% of patients in the RCTs evaluated in our
analysis underwent PCI. In modern clinical practice, fibrinolysis is the treatment in ~ 0.3-6% of
STEMI patients,”*>** whereas the number of those who underwent fibrinolysis was 3.3-fold
higher than those who underwent primary PCl in our set of RCTs. The registry-based findings
are in accordance with current STEMI guideline (both ESC and ACC/AHA) recommendations in
which primary PCl strategy is recommended over fibrinolysis in the majority. of clinical

scenarios.’**

However, we cannot ignore the fact that many of the referenced RCTs were
conducted before primary PCl was the standard of care. This information should be taken into
account when considering the limitations of some CPG recommendations, and in order to
tailor clinical decision-making in some scenarios not well represented by CPGs. This concept is
applicable to many other arenas. With the exception of the,COMMIT trial,* all RCTs testing the
benefits of beta-blocker treatment within the first 24h after ACS were performed in the pre-
PCl era. This does not mean that these recommendations on B-blocker use are not evidence-
based — it means that the therapjes received by the patients recruited in RCTs supporting
those recommendations does nhot ‘match the current standard of care, and therefore we
cannot be 100% certain about\what would be the impact on clinical outcome of using beta-
blockers in the current context.?

In our “analysis, the overall all-cause mortality was 11.9% for those studies with a
reported=follow-up between 1 month and 1 year. In contrast, registries recruiting real-world
patientsrover the last ten years have shown that with a follow-up between 6 month and 1

year, all-cause mortality was about 3-6%.2"**** Since advances in the management of patients

with ACS likely explains this significant improvement in prognosis®®, the question that
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immediately arises is whether the treatment effects would be the same in patient less prone
to die. With such a drop in all-cause mortality, the number needed to treat [NTT] for some old
therapies would be higher now than at the time when the RCTs were conducted, and therefore
perhaps less relevant in the context of current background therapies. Nevertheless, a scenario
where each intervention is re-tested under the standard of care is unfeasible and therefore
CPGs report on the best evidence currently available.*

It is expected for next CPGs to better reflect the full spectrum of patient
representativeness, since more recent international RCTs are replacing old studies with less
heterogenous populations. Although this change mostly relies on the type of evidence that is
generated nowadays, scientific societies also play a pivotal role by making this_need more
evident in their CPGs (e.g., stressing differences between men and women, or including special
population sections might stimulate trialists to be more inclusive in their studies). As suggested
by the ESC CPG for STEMI," there is a need for pragmatic real-lifewclinical trials to avoid
selective RCTs precluding universal implementation. The pepularisation of pragmatic clinical

trials including, registry-based RCTs, is also expected to improve representativeness in CPGs.

Limitations

Our study should be considered within-the context of its limitations. First, we focused
only on ESC and ACC/AHA CPGs, for \ACS because we felt many countries adopted their
recommendations, but we left aside other CPGs with might yield different findings. This might
be relevant for those scientific societies with a different approach in developing their CPGs
(e.g, Canadian Cardiovascular Society). Second, some RCTs might have been counted >2 times
in comparisons\between recommendations (e.g., one RCT might be part of a recommendation
with“a LOE A, and in a separate recommendation of LOE B). Therefore, some of the most
relevant RCTs might be overrepresented in our aggregated patient-level analyses. Finally, we
only evaluated primary publications of RCTs, and did not appraise observational data. It must

be acknowledged that it is an impossible task to conduct RCTs addressing all the complex
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clinical scenarios that confront physicians. Despite the imperfections of registry data, registries
have the potential to provide a different type of evidence as well as to confirm the applicability
and generalisability of some findings yielded by RCTs. ¥ Of note, registry-based RCTs were

considered RCTs in our assessment (e.g., TASTE trial).

CONCLUSIONS

The main findings of our assessment of the evidence yielded by RCTs cited in ACS
guidelines focuses on representativeness, and can be summarized as follows: (1) RCTs
represented less than a fifth of all references in ACS guidelines; (2) most RCTs recruited
patients in North-America and Europe, whereas other regions were largely underrepresented;
(3) about one third of RCTs did not enrol patients with ACS; (4) some important - groups of
patients were underrepresented (mainly older patients, women and nen-white patients); (5)
the incidence and type of reperfusion reported in these RCTs was\farsbélow current clinical
practice; and (6) all-cause mortality was largely higher than<«urrent’standards. Our conclusions
do not aim to challenge the current evidence-based paradigm, but rather emphasise the need
to critically appraised the representativeness of RCTs supporting CPGs. CPGs influence the care
provided to millions of people worldwide; and it should be understood that guidelines are not

rules for, but rather guides to, high.quality, evidence-based care.
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2,525 references across ESC and ACC/AHA ACS
guidelines
(477 + 563 + 658 + 827)

2 excluded from ESC STEMI

S excluded from ESC NSTE-ACS

20 excluded from ACC/AHA STEMI

27 excluded from ACC/AHA NSTE-ACS

343 were references clted in 21
guideline

l 2,128 wereunique references, available in PubMed

558 publications

Non-randomised

1570 publications

Primary publications
407 publications

Figure 1. Flow chart, type of studies and type of patients by guidetine

The left side of the figure displays the flow chart describing the ‘screening, and selection
process of references and RCTs across guidelines. In the middle, there are four pie charts
displaying the type of studies by guidelines. In the right side, there are four pie charts showing
the type of patients included in RCTs of each guidéline.

ACC/AHA: American College of Cardiology/American Heart Association; ACS: acute coronary

syndrome; ESC: European Society of Cardiolegy, NSTE-ACS: non-ST-elevation acute coronary

» Primary RCTe

—_

Primary
(n=120)

(n=143)

RCTs

Primary RCTs

—_

(n=139)

syndrome; RCT: randomised clinicaltrial; STEMI: ST-elevation myocardial infarction.
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Geographic distribution of patient recruitment across guidelines

North-America 52.6%
ACC/AHA B1E%
ESE: 49.4%

Africa 12.8%
ACE/AH 10.2%
ESC:B4 %

ACC/AHA: 20.0%
ESE:25.5%

Australia 19.9%
ACC/AHA: 18.2%
ESC:25.5%

M

Geographic recruitment by type of recommendation in ESC guidelines

B NS Europe (p=0.179) c EEN  Europe (p=0.058)
== North America (p=0.004) === North America'(p=0.102)
100+
%1 g1%
804 72%

Percentage of patients
g
I
Percentage of patients

104

Class |

Geographic recruitment by-type of recommendation in ACC/AHA guidelines

D @ Europe (p=0.738) E @  Europe (p=0.935)
= North America:(p=0.043)

mE  North America (p=0.174)

=

72% 73%

73% 709,

Percentage of patients
8
1

Percentage of patients
c5888883888

Class | ] 1] LOE A

Figure 2. Geographic representativeness across RCTs cited in CPGs
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Panel A shows the percentage of RCTs recruiting participants from each continent, globally and
by type of guidelines (ACC/AHA vs. ESC). Geographic recruitment by recommendation (class
and LOE) for ESC guidelines is shown in panels B and C, whereas for ACC/AHA guidelines are
shown in panels D and E. P-values are yielded by statistical tests comparing percentages of
RCTs recruiting participants from a given region across either class of recommendations or
LOEs (e.g., in the ESC guidelines, the percentage of RCTs recruiting patients in North-America

was higher for class | than for class Il or Il recommendations, with a p-value of 0.004).

ACC/AHA: American College of Cardiology/American Heart Association; CPGs: clinical practice
guidelines; ESC: European Society of Cardiology; LOE: level of evidence; RCT: randomised

clinical trial.
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Percentage of RCTs with STEMI and NSTE-ACS patients by guideline

>

100+ p-value for NSTE-ACS = 0.534 100 p-value for NSTE-ACS = 0.247

90| 90
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G 704 67% G 704 0% 64%
& 60 55% 5 601 51%
2 50 45% 41% 50 46%
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10| 10

0
Class | Class I Class Il LOEA LOEB LOE C

RCTs with 21 patient with STEMI in STEMI guidelines
BN RCTs with 21 patient with NSTE-ACS in NSTE-ACS guidelines

Percentage and type of ACS patients by recommendation and guideline

D

100 100
90-| 90
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Percentage of patients without ACS by type of recommendation
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Figure 3™ Type of patient by recommendation

Panels A and B show information at RCT-level: percentage of RCTs with at least 1 patient with
STEMI in STEMI guidelines (panel A), or with at least 1 patient with NSTE-ACS in NSTE-ACS

guidelines (panel B), stratified in both cases by type of recommendation (class and LOE). To
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interpret p-values, we can use the information provided in panel A as an example: the
percentage of RCTs enrolling patients with STEMI in the STEMI guidelines (both ESC and
ACC/AHA) was significantly different by classes of recommendations (I, 67%; 1l, 78%; lll, 80%;
p=0.028), but not across LOEs (A, 75%; B, 70%, C 64%; p=0.246). Panels C to F show
information at aggregated patient-level. Panels C and D show the percentage and type of ACS
patients stratified by recommendation (i.e., percentage of STEMI patients in recommendations
for STEMI patients and percentage of NSTE-ACS in recommendations for NSTE-ACS patients).
Panels E and F show the percentage of patients without ACS stratified by recommendation

(class and LOE).

ACC/AHA: American College of Cardiology/American Heart Association; ACS: acute coronary,
syndrome; ESC: European Society of Cardiology; LOE: level of evidence; NSTE-ACS: non-ST-
elevation acute coronary syndrome; RCT: randomised clinical trial; STEMI: ST-elevation

myocardial infarction.
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Percentage of patients who underwent PCI by guideline type
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Percentage of patients
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Percentage and type of patients with STEMI who underwent reperfusion
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Figure 4. Inyasive'gpranagement in RCTs cited in recommendations

This figure.shows information at aggregated patient-level about invasive management in RCTs

cited in recommendations. Panels A and B display the percentage of patients who underwent

PCl in STEMI and NSTE-ACS guidelines stratified by recommendation (class and LOE). Panels C
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and D shows the percentage of patients with STEMI who underwent reperfusion with primary

PCl or with fibrinolysis, by recommendation (class and LOE).

LOE: level of evidence; NSTE-ACS: non-ST-elevation acute coronary syndrome; PCl:
percutaneous coronary intervention; RCTs: randomised clinical trials; STEMI: ST-elevation

myocardial infarction.
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Table 1. Exclusion criteria in RCTs

Exclusion criteria

Percentage of RCTs using the
exclusion criterion (n=407)

Age (upper limit) 23.2%
Upper limit of 70 years old 2.7%
Upper limit of 80 years old 13.5%

Haemodialysis, % 33.5%

Chronic kidney disease, % 32.0%

On anticoagulation excluded, % 26.5%

Liver disease, % 18.9%

Cerebrovascular disease, % 16.7%

Severe valve heart disease, % 13.0%

Prior CAD, % 8.4%

Anaemia, % 8.1%

Respiratory disease, % 5.9%

Categorical variables are expressed as percentages.

CAD: coronary artery disease; RCT: randomised clinical trial
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Table 2. Baseline characteristics of the control groups

Variable All RCTs (n= 407) Availability of the data
among RCTs (%)
Age (years), mean = SD 62.116.3 96.1
Female sex, % 29.9 97.5
White race, % 80.7 26.1
Current smoker status, % 31.0 67.0
Hypertension, % 58.9 80.1
Diabetes, % 28.6 84.7
Dyslipidaemia, % 48.8 48.5
Previous CHD, % 32.9 81.8
Prior revascularization, % 27.7 56.9
Previous history of HF, % 16.5 30.5
Cerebrovascular disease, % 9.8 33.5
Peripheral artery disease, % 10.2 22.7
Chronic kidney disease, % 16.3 17.0
Killip I class, % 80.0 21.0

Continuous variables are expressed as mean * standard deviation (SD), whereas categorical variables.are expressed as percentages.

CHD: coronary heart disease; HF: heart failure; RCT: randomised clinical trial.
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