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ABSTRACT

Background ST-Segment Elevation Myocardial Infarction (STEMI) is considered the main cause of mortality and mor-
bidity for decades globally. Regularly, cardiology-related medical organizations publish clinical practice guidelines (CPGs) to
support healthcare professionals in the diagnosis, management, and prevention of future cardiovascular events. Nevertheless,
the level of evidence (LOE) and classification of recommendations (CORs) endorsing STEMI-associated CPGs recommenda-
tions have not been systematically appraised.

Purpose This meta-research study evaluated and described the CORs and LOE over time for STEMI guidelines endorsed
by the American Heart Association (AHA), American College of Cardiology (ACC), and European Society of Cardiology
(ESC), from 1990 to 2023.

Data sources We initially searched on PubMed and AHA/ACC/ESC electronic repositories to obtain STEMI-related
CPGs, published from 1990 to 2023, including their inmediate predecessors.

S'l'Udy Selection Guidelines related to acute in-hospital STEMI management were included; recommendations related
to unstable angina/Non-STEMI were excluded.

Data Extraction Data management was performed by 2 content experts. Recommendations on pharmacological and
nonpharmacological interventions (Pl and NPI, respectively) were extracted ipsilaterally, further processed and coded based
on thematic analysis fundamentals. Recommendation’s recordings associated with each recommendation were maintained
as the primary guideline publication without team’s specialist judgement. Pharmacological-related recommendations were
categorized in accordance with the Anatomical Therapeutic Chemical Classification System by the WHO Collaborating
Centre for Drug Statistics Methodology. Changes in the proportion and LOE were evaluated longitudinally, using chi-square
test (x2). Data visualization included heatmaps, linear plots, and Sankey diagrams.

Data Synthesis Twenty-six guidelines (2,139 STEMIspecific recommendations) were evaluated. We observed an
overall predominance of recommendations relying on moderate (proportion of 30.1% of LOE-B recommendations) or low
(proportion of 28.9% of LOE-C recommendations) quality of evidence over the 33-year span. Only 17.7% of processed
recommendations were based on high quality of evidence. Pharmacological interventions were more often LOE-A compared
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with NPI (21.5% vs 13.8%; Pvalue < 0.05). Most abstracted Pl related to anticoagulants and dual anti-platelet therapies,
while the most frequent category of NPI were related to percutaneous coronary interventions and implantable cardiac de-
vices. Two consecutive guidelines comparison revealed that LOE and COR assigned to corresponding recommendation were
minimal.

Limitations Restriction to only AHA/ACC/ESC guidelines and primary focus on acute in-hospital management recom-
mendations.

Conclusions STEMIrelated recommendations from foremost cardiology societies worldwide have largely relied on
moderate/low-quality evidence, with slight changes over time. Novel ways to generate high quality evidence in a more

pragmatic and efficient fashion are warranted.

Primary Funding Source None

Protocol registration Open Science Frame under OSF.IO/BRD58 (Am Heart J 2026;294:107326.)

Background

Clinical practice guidelines (CPG) are commonly con-
sidered as primary sources for obtaining medical knowl-
edge about diagnostic, therapeutic, and prognostic path-
ways among physicians in a diverse spectrum of medi-
cal specialties, particularly in cardiology.' In cardiology,
3 nonprofit medical organizations have played a criti-
cal role in preparation and dissemination of CPGs.?>?
During the guideline preparation, consensus-based rec-
ommendations receive a classification and level of evi-
dence (class of recommendations [CORs] and level of ev-
idence [LOE], respectively). While the COR categoriza-
tion system is subcategorized into 5 levels that reflect
the balance of benefits and harms for each intervention,
the LOE grading scheme reflects the data underlying the
referred recommendation. Nowadays, despite crescent
adoption of transparent evidence rating systems (includ-
ing the Grading of Recommendations Assessment, De-
velopment and Evaluation [GRADE] approach) in various
medical specialties, the main cardiology societies across
the globe still remain using a methodology to categorize
the evidence based on a 3-leveled classification system
(LOE-A, LOEB, and LOE-C).*” Worldwide, multiple re-
search agendas have assessed cardiovascular guidelines
at a macro level to enhance guideline transparency, fol-
lowing primary assessments stressing reliance on low to
moderate level of evidence in high-stakes health deci-
sions.®!? ST:Elevation Myocardial Infarction (STEMI) re-
quires singular assessment to improve the generation
of applicable recommendations, primarily focused on
temporal disaggregation of available data substantiating
acute in-hospital STEMI recommendations across the full
spectrum of therapeutic modalities. Previous umbrella
appraisal of recommendations did not allow researchers
to differentially evaluate the temporal evolution of mul-
tiple health interventions, particularly pharmacological
versus nonpharmacological interventions. The evalua-
tion of the evolution of CORs and LOEs, specifically in

discerning in-hospital drug- and nondrug-based recom-
mendations for (STEMI) is essential for guideline develop-
ment refinement, improvement of routine clinical prac-
tice, and ultimately enhancing patient-related outcomes.
Therefore, we aimed to analyze and compare the tem-
poral evolution of the CORs and LOEs supporting in-
hospital pharmacological and nonpharmacological rec-
ommendations for STEMI issued by the ACC, AHA, and
ESC from 1990 to 2023.

Methods

The study protocol was conceived within an academic
environment and was strategically framed into the prin-
ciples of Project Management endorsed by the Project
Management Institute (PMID).'? The study protocol can be
accessed in the Open Science Frame (OSF) platform.'
This study is meta-research of CPGs, aimed at identify-
ing, analyzing, and comparing the temporal evolution of
both COR and LOE supporting pharmacological and non-
pharmacological recommendations during the acute in-
hospital management of STEMI. The procedures and data
related to this research are disclosed by the correspond-
ing author upon reasonable request, for replication of the
study.

Data sources and searches

On March 18th, 2024, we searched PubMed for identi-
fying indexed clinical guidelines from January 1990 until
December 2023 published by the ACC, AHA, and ESC.
The search string included controlled and noncontrolled
terminologies and is shown in Supplementary Appendix
1 (pp. 7-8). Additionally, a supplementary search for rele-
vant guidelines, corresponding to a focal and single-dated
consultation on the beforementioned cardiovascular so-
cieties’ online platforms as well as the immediate pre-
decessors to any eligible shortlisted guideline, was then
carried out. We also performed an exhaustive search of
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reference lists of eligible guidelines, ensuring the inclu-
sion of the highest number of records.®!” The systematic
search and guidelines selection were performed by an
experienced medical researcher, and discrepancies were
solved by consultation with a senior cardiologist. Once
publications were identified, they were imported onto
Covidence for screening (title and abstract and sequen-
tially full texts).

Study selection

As recommendations pertaining to STEMI management
may be found in guidelines not specifically focusing on
the management of ACS, we carefully evaluated guide-
line documents focused on coronary artery revasculariza-
tion techniques (ie, percutaneous coronary intervention
[PCI] and coronary artery bypass graft [CABG] surgery),
management of coronary artery disease, and coronary an-
giography, and emergency cardiovascular care. For the
eligible guidelines covering the spectrum of ACS, we
excluded recommendations clearly labeled to be appli-
cable to the management of unstable angina and Non-
ST-segment Elevation Myocardial Infarction (NSTEMI or
non-Q-wave myocardial infarction per old definitions), as
well as those related to the management of conditions as-
sociated solely with chronic coronary syndromes. More-
over, we excluded recommendations under the category
of risk stratification, physical examination, electrocardio-
gram monitoring, triage and transportation protocols, di-
agnostic cardiac biomarkers, pre and in-hospital logistic
of care, as well as follow-up after the acute event. These
exclusions ensure that our focus remains only on those
recommendations pertinent to in-hospital STEMI man-
agement.

Data extraction and quality assessment

The definition of terminologies utilized in our study
followed the endorsements by the World Health Orga-
nization (WHO), the ACC, and the AHA. The full de-
termination of all relevant terminologies pertaining to
this research (clinical guidelines, recommendations, fo-
cused updates, pharmacological interventions, nonphar-
macological interventions, and acute STEMI) is available
in Supplementary Appendix 2 (pp. 9-10). Eligible guide-
lines statements were those in which the recommen-
dation clearly focused on an intervention intended for
management of STEMI in the acute phase, dichotomized
as pharmacological or nonpharmacological approaches.
Listed pharmacological recommendations were framed
into pharmacological subgroups (third level), according
to the Anatomical Therapeutic Chemical (ATC) Classifi-
cation System, controlled by the World Health Organi-
zation Collaborating Centre for Drug Statistics Methodol-
ogy (WHOCC).'> nonpharmacological recommendations
during the acute STEMI management encompassed ther-
apies that do not essentially and entirely involve tak-
ing active chemical compounds (ie, PCI, coronary an-
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giography, ventricular assistance devices, and intra-aortic
balloon counter pulsation). As our analytical focus on
clinical trials of interventions, we included only recom-
mendations applicable to the in-hospital management of
STEMI patients. Thus, we dismissed recommendations
related to risk stratification, physical examination, elec-
trocardiogram (ECG) monitoring, triage and transporta-
tion protocols, diagnostic cardiac biomarkers, pre and in-
hospital logistic of care (ie, emergency medical services,
public education in cardiopulmonary resuscitation, and
admission to cardiac coronary unit’s procedures), as well
as follow-up after the acute event. The comprehensive
list of pharmacological and nonpharmacological inter-
ventions considered eligible for abstraction is available
in Supplementary Appendix 3 (pp. 11-20).

Data extraction was initially performed by 1
methodologist-physician, with subsequential assess-
ment of completeness by a peer-researcher specialized
in cardiovascular research. The final list of recommen-
dations was prepared later under the supervision of a
senior interventional cardiologist and collaborating with
a senior epidemiologist. Any analytical or theoretical
uncertainty by the primary clinicians was solved through
remote or in-person discussions, as were discrepancies
related to the extraction of recommendation data. Be-
sides recording the text of each recommendation, we
extracted each recommendation’s COR and LOE. We did
not provide any further judgment or assessment of the
proposed definition displayed within the guidelines, and
we utilized the same classification as originally reported
by the guideline. Along with the categorization of the
LOE among included guidelines, we extracted the CORs
encompassing 5 levels. The full description of all 3 LOE
and the 5 COR as described in Supplementary Appendix
2 (pp. 9-10).

Data synthesis and analysis

For capturing the temporal evolution of recommen-
dations, we tabulated all extracted data from individ-
ual guideline documents in a single database. We fur-
ther randomly assigned codes (identifiers) to the recom-
mendations, using a coding system presented in detail
in the Supplementary Appendix 4 (pp. 21-48). The cod-
ing system utilized principles of semantic similarity and
thematic-based clusterization to identify equivalent rec-
ommendations over time. For most recommendations,
we followed the clinical guidelines subheading identi-
fiers to perform the matching of equivalent codes across
the database, always maintaining the determined rec-
ommendation under this major category of original re-
porting. Recommendations on the various types of car-
diac implantable electronic devices (eg, implantable car-
dioverter defibrillator, ICD) were carefully allocated un-
der a general group (ICD), and subtypes within each cat-
egory were also labeled (eg, implantable defibrillators,
permanent pacing, transvenous catheter pace, tempo-
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rary pacing, and temporary transvenous pacing). How-
ever, for some recommendations (such as those related
to management of complications and the use of prophy-
lactics or symptomatic drugs) we decided to assign them
to a separate category based on our clinical experience.
We managed the overlapping of recommendations on
an equivalent code by checking the consistency among
guidelines (evaluating each directly related predecessor,
in the case of subsequential documents). Nevertheless,
we deemed as different those recommendations from
the same guideline document that were considered se-
mantically and technically equivalent but with contrast-
ing COR and/or LOE. To capture the temporal evolution
of both pharmacological and nonpharmacological rec-
ommendations, we initially assessed the annual propor-
tion of class-specific CORs and LOE across the database.
We expressed these results as the total number (N) and
percentage (%), by year and subcategory. Lastly, we com-
pared the focal changes of LOE from 2 comparable guide-
lines (eg, ACC/AHA [2004/2013] and ESC [2017/2023],
using the chi-square test). We reported out data graphi-
cally using heat maps, linear plotting graphs, and Sankey
diagram, stressing the changes in CORs and LOEs over
time. We processed and tracked all the modifications of
any subcategory of recommendation at different LOEs.
Two medical statisticians coordinated the mathematical
assessments using R software (version 4.3.1).

Results
General findings

Our electronic search yielded 805 references (as 775
unique publications), with 136 duplicates automatically
identified by our systematic review management plat-
form. On the first stage of screening (title and abstract),
we considered 567 studies as irrelevant (Supplementary
Appendix 5, pp. 52-110). Throughout full text evalua-
tion, 72 records were shortlisted, with 54 records being
excluded (reasons reported in Figure 1 and Supplemen-
tary Appendix 6, pp. 111-118). With regard to our hand
search, 8 additional guidelines were obtained. Therefore,
our meta-research analysis collates data from 26 clinical
practice guidelines (published as 49 records) issued by
the selected cardiology societies, from 1990 to 2023
(1990’1(),1" 1995,18—2() 1996,21,22 1999,25,2/1 1999,25,2()
1999,27-28 2000,%° 2001,%°3' 2003,3%-3 2003343
2004,°%37 2005,% 2005, 2008,1%11 2008,%* 2009,
2011’4()-48 2013’49,50 2014,°152 2015,5%5 2016,56:57
2016,7%>? 2017, 2017,%! 2021,°%:% 2023°%), as showed
in Table 1. Guidelines were predominantly published
in the Journal of the American College of Cardiology
(n = 18), Circulation (n = 18), and European Heart
Journal (n = 5). Although mostly endorsed by the ACC,
AHA, or the ESC, some included guidelines had en-
dorsement approval from other medical organizations,
including the Society for Cardiovascular Angiography
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and Interventions (SCAI)’3:°058:02.:63 and the American
Association for Thoracic Surgery (AATS). %%

Chronological assessment of CORs and LOE,
1990-2023

Our historical registration of recommendations from
1990 to 2023 encompasses 2,139 recommendations
across 26 guidelines. Table 2 depicts the annual to-
tal number of recommendations and their associated
LOEs and CORs for the 3 selected cardiology societies.
Guidelines covered specific topics or were focused up-
dates (eg, PCI,>*-39:39:97:53,55 coronary artery revascu-
larization strategies,”'->”°7:°2 and dual antiplatelet ther-
apy’®°") or were presented as an overarching guide-
lines (on both ACS, acute myocardial infarction, and
STEMI ' ¢-22,24,29,34:30,40,49,01,64y " por the 33 years evalu-
ated, the LOE fluctuated across the years, with the high-
est proportion of high LOE (LOE-A) registered in 1999
and 2021. Figure 2 shows the general evolution of the
LOE (Figure 2A) and COR (Figure 2B) throughout the
tracked period. After analyzing the dataset to determine
if a significant change over the years occurred, we ob-
served a constant fluctuation in the number of recom-
mendations under an assigned high, moderate, and low
LOE (significant change in the proportion among the
LOEs over the years (x? = 114.65, P-value < .01). Despite
presenting the distribution of LOE across included guide-
lines through proportion visualization, we acknowledge
the fact that they may obscure the absolute increase in
LOE-A recommendations in case the total number of rec-
ommendations concomitantly grows. Thus, we are also
presenting absolute counts and proportions to provide
a more balanced view of tendencies across the time
(Table 2).

Figure 3 illustrates the proportions (as %) of different
LOE across the multiple COR. The heatmap suggests that
Class I recommendations have a relatively low number
of high-quality evidence. Considering all included rec-
ommendations, we observed that approximately 70% of
highly advised clinical recommendations are based on ei-
ther moderate (37.3%) or low-quality evidence (32.6%).
Similarly, Class II-a and Class II-b recommendations were
shown to have a stronger reliance on lower-quality evi-
dence, precisely 45.9% and 49.3%, respectively. As far as
Class III recommendations are concerned, they predom-
inantly relied on moderate-quality evidence (proportion
of 45.1%). We further evaluated the variation and concen-
tration of different LOE over the years for different phar-
macological and nonpharmacological categories. Figures
4A, 4B, and 4C (Supplementary Appendix 7, pp. 120-
122) show the temporal evolution of the LOE among all
categorized pharmacological interventions (LOE-A, LOE-
B, and LOE-C, respectively) while in Figures 5A, 5B, and
5C (Supplementary Appendix 7, pp. 123-125) we report
the different LOE among all nonpharmacological inter-
ventions. There was substantial variability by year in COR
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Figure 1. Review flowchart diagram.
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Table 1. Summary of included clinical practice guidelines, 1990-2023.

American Heart Journal
April 2026

Reference ID Year Main focus Publications generated

Gunnar et. al 199023.26 Acute Myocardial Infarction Circulation and Journal of the American College of
Cardiology

Ritchie et. al 19952729 Cardiac Radionuclide Imaging Circulation, Journal of the American College of
Cardiology, and J of Nuclear Cardiology

Ryan et. al 19963031 Acute Myocardial Infarction Circulation and Journal of the American College of
Cardiology

Ryan et. al 199932,33 Acute Myocardial Infarction Circulation and Journal of the American College of
Cardiology

Scanlon et. al 199934.35 Coronary Angiography Circulation and Journal of the American College of
Cardiology

Eagle ef. al 19993¢6.37 Coronary Artery Bypass Graft Surgery Circulation and Journal of the American College of
Cardiology

AHA 2000+ 2000% Reperfusion Techniques Circulation

Smith et. al 20013940 Percutaneous Coronary Intervention Circulation and Journal of the American College of
Cardiology

Klocke et. al 20034142 Cardiac Radionuclide Imaging Circulation and Journal of the American College of
Cardiology

Van de Werf et. al 20034344 Acute Myocardial Infarction/STEMI Circulation and Journal of the American College of
Cardiology

Antman et. al 20044546 Acute Myocardial Infarction/STEMI Circulation and Journal of the American College of
Cardiology

Hesse et. al 20054 Myocardial Perfusion Imaging European Journal of Nuclear Medicine and Molecular
Imaging

Silber et. al 200548 Percutaneous Coronary Intervention European Heart Journal

Antman et. ol 20084750 Acute Myocardial Infarction/STEMI Circulation and Journal of the American College of
Cardiology

Hesse et. al 2008°! Cardiac Radionuclide Imaging European Journal of Nuclear Medicine and Molecular
Imaging

Kushner et. al 20095254 Acute Myocardial Infarction/STEMI Circulation, Journal of the American College of
Cardiology, and Catheter Cardiovascular Interventions

King et. al 2011557 Percutaneous Coronary Intervention Circulation, Journal of the American College of
Cardiology, and Catheter Cardiovascular Interventions

O'Gara et. al 2013857 Acute Myocardial Infarction/STEMI Circulation and Journal of the American College of
Cardiology

Windecker et. al 201496061 Myocardial Revascularization European Heart Journal and European Journal of
Cardio-Thoracic Surgery

Levine et. al 20156264 Percutaneous Coronary Intervention Circulation, Journal of the American College of
Cardiology, and Catheter Cardiovascular Interventions

Patel et. al 2016%%:% Coronary Revascularization Journal of Nuclear Cardiology and Journal of the
American College of Cardiology

Levine ef. al 2016768 Dual Antiplatelet Therapy Circulation and Journal of the American College of
Cardiology

Valgimigli et. al 20177 Dual Antiplatelet Therapy European Heart Journal

Ibanez et. al 201770 Acute Myocardial Infarction/STEMI European Heart Journal

Lawton et. al 202171.72 Coronary Artery Revascularization Circulation and Journal of the American College of
Cardiology

Byrne et. al 202373 Acute Myocardial Infarction/STEMI European Heart Journal

*Not indexed under any specific author — Listed under the “The American Heart Association in collaboration with the International Liaison Committee on Resuscitation”.

and LOE across different pharmacological and nonphar-
macological classes.

The ACC/AHA, and ESC started to systematically re-
port the LOE for each recommendation within their clini-
cal practice guidelines after 2001 and 2003, respectively.
With regards to the ACC/AHA guidelines, from 2001 to
2021, most recommendations were based on both LOE-
B (n = 360; 45.6%) and LOE-C (n = 309; 39.2%), with
only 15.1% of recommendations being classified as LOE-
A (n = 119). Similarly, the ESC evidenced a slightly sim-

ilar pattern, with most recommendations based on low
LOE (n = 319; 37.7%) and moderate LOE (n = 293,
32.9%), and a smaller percentage of recommendations
based on high LOE (n = 278; 32.8%). To note, our as-
sessment comparing the LOE between the ACC/AHA and
the ESC revealed a statistically significant difference in
the distribution of LOE across the 3 cardiology societies
(x? = 54.118, df = 4, P-value < 0.001). The generated
Sankey diagram (Figure 6, Supplementary Appendix 7,
pp. 123) illustrates the temporal changes in the LOEs
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Table 2. Annual distribution of classes of recommendations (CORs) and level of evidence (LOE) among included guidelines from the AHA,

ACC, or ESC.

Year Level of evidence Class of recommendation Total Cardiology society
A B c 18 lal IlbT 1[5 1%

1990 0 0 0 51 41 15 28 135 ACC/AHA
1995 0 0 0 1 1 0 0 2 ACC/AHA
1996 0 0 0 79 36 32 35 182 ACC/AHA
1999 2 1 0 81 39 35 28 183 ACC/AHA
2000 0 0 0 1 5 0 0 7 ESC
2001 3 18 25 9 16 9 12 46 ACC/AHA
2003 16 18 4 22 9 3 4 38 ACC/AHA-ESC
2004 52 136 153 197 69 27 48 341 ACC/AHA
2005 6 15 14 19 8 5 3 35 ACC/AHA-ESC
2008 46 116 98 152 59 31 18 260 ACC/AHA-ESC
2009 5 18 12 18 10 5 2 35 ACC/AHA
2011 3 19 10 10 13 6 3 32 ACC/AHA
2013 15 66 32 68 24 13 8 113 ACC/AHA
2014 43 56 68 78 65 21 3 167 ACC/AHA-ESC
2015 1 1 1 0 0 2 1 3 ACC/AHA
2016 7 14 10 14 7 8 2 31 ACC/AHA
2017 67 68 78 107 56 28 22 213 ESC
2018 39 35 59 73 31 14 15 133 ESC
2021 8 7 1 4 3 6 3 16 ACC/AHA
2023 54 50 63 80 43 27 17 167 ESC
Total 367 638 628 1064 535 287 252 2139

*LOE-A associates with high-quality evidence from more than 1 randomized clinical trials (RCTs), meta-analyses of high-quality RCTs, or one or more RCTs corroborated
by high-quality registry studies.

TLOE-B associates with moderate-quality evidence from 1 or more RCTs, meta-analyses of moderate-quality RCTs.

#LOE-C associates with randomized or nonrandomized observational or registry studies with limitations of design or execution or the meta-analyses of such studies,
physiological or mechanistic studies in human subjects, or consensus of expert opinion based on clinical experience.

8 Suggested phrases for writing recommendations: (1) Is recommended (2) Is either indicated, useful, effective, beneficial (3) Should be performed or administered (4)
Comparative Effectiveness Phrases* —The treatment of the strategy is recommended or indicated in preference to treatment B (5) The treatment should be chosen over
treatment B.

I Suggested phrases for writing recommendations: (1) Is reasonable (2) Can either be useful, effective, or beneficial; (3) Comparative-Effectiveness Phrases—The treatment
or the strategy A is probably recommended or indicated in preference to treatment B or it is reasonable to choose treatment A over treatment B.

'Suggested phrases for writing recommendations: (1) May or might be reasonable (2) May, might be considered (3) Usefulness or effectiveness is either unknown,
unclear, uncertain, or not well established.

** Suggested phrases for writing recommendations: (1) Is not recommended (2) It produces harm - Evidence or general agreement that the given treatment or procedure
is not useful/effective, and in some cases may be harmful.

Figure 2. Trends in LOE (A) and COR (B) in STEMI-related guidelines (1999-2023).
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Figure 3. Crosstabulation ofLOE and COR in STEMl-related guidelines (1999-2023).
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of included recommendations from multiple years, sug-
gesting major patterns. Recommendations from earlier
years (ie, 2004 and 2008), are predominantly under a
moderate- and low-quality of evidence. Additionally, we
observe the persistence of recommendations classified
as LOE-C across different years, stressing the recurring
trend of recommendations with low-quality of evidence.
Lastly, it is observed a high variability in the strength of
evidence underpinning included recommendations over
time.

Comparative temporal analysis of pharmacological
and nonpharmacological interventions, 1990-2023
The sub categorical assessment evidenced that phar-
macological interventions presented a slightly higher
proportion of recommendations under the high LOE
(21.5%), compared to nonpharmacological interventions
(13.8%), P-value < 0.01. nonpharmacological interven-
tions have shown to have slightly higher proportion of
recommendations under a low LOE compared to phar-
macological interventions (30.4% vs 29.4%, P-value <
.05). To note, both types of cardiovascular-related in-
terventions predominantly were associated with Class I
recommendations, in which nonpharmacological inter-
ventions presenting a greater proportion of recommen-
dations under this category compared to pharmacolog-
ical interventions (73.5% vs 68.8%). Interestingly, non-
pharmacological recommendations presented a slightly
larger proportion of Class III recommendations (9.9%)
compared to pharmacological interventions (7.1%). Our
statistical analysis also suggested that significant changes
in pharmacological versus nonpharmacological recom-
mendations occurred over time (x? = 267.25, P-value
< 0.05), as well as in the subareas within each type of
recommendations (pharmacological subareas yielded a
x?=1,159.5; P-value < 0.05, while nonpharmacological

subareas yielded a x2? = 1,592.16; P-value < 0.05). The
full list of all subcategories of pharmacological and non-
pharmacological interventions included in our analysis
is presented in Tables 3 and 4. Due to space limitations
in the main publication, we included additional findings
summarization in Supplementary Appendix 7 (pp. 119-
125).

Focal guideline evolution - ACC/AHA (2013 vs
2004) and ESC (2023 vs 2017) comparative
analysis

The focal comparison of 2 consecutive guidelines by
the ACC/AHA and ESC was performed to evaluate the
proportion of recommendations that were directly mod-
ified over the years (either having an upgrade or down-
grade of both COR and LOE). Table 5 shows the num-
bers of recommendations per guidelines in each assessed
category. Considering the ACC/AHA guidelines, in the
updated 2013 version, a smaller proportion of recom-
mendations based on LOE-A was observed compared to
2004 (13.3% vs 15.2%, P-value < 0.05). On the other
hand, a higher proportion of recommendations under
the LOE-B was observed in 2013 (58.4%) compared to
2004 (39.9%). To note, a decrease in the proportion
of recommendations classified as LOE-C was noticed in
2013 (28.3%) compared to 2004 (44.9%). When assessed
the recommendations that were particularly changed in
the 2013 update, we observed that 13 unique recommen-
dations were changed (list of changed recommendations
presented in the Supplementary Appendix 8, pp. 126-
129). As far as the ESC is concerned, a steady proportion
of recommendations classified under different LOEs were
noticed from 2017 to 2023. Particularly, 4 unique recom-
mendations were directly changed (list of changed rec-
ommendations presented in Supplementary Appendix 9
(pp- 129).
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Table 3. Distribution of the level of evidence (LOE) and class of recommendation (COR) of pharmacological interventions, by subcategory.

Subcategory of pharmacological interventions

Pharmacological

Pharmacological

COR LOE

| I-a I-b 1l A B C
Agents acting on the renin-angiotensin-system (C09) 18 9 0 1 24 4 0]
Aldosterone antagonists and other potassium-sparing agents 13 0 0 0 6 7 0
(Mineralocorticoid receptor antagonist, CO3D)
Analgesic (NO2), other analgesics and antipyretics (NO2B), or 8 4 6 5 0 4 15
antinflammatory agents (SO1B)
Angiotensin |l receptor blockers (ARBs), Plain (CO9C) 17 7 3 0 4 10 3
Antiarrhythmic drugs - CO1B 19 10 10 20 2 13 24
Anticholinergic agents 20 3 6 10 0 0 2
Beta blocker agents - CO7 54 14 6 11 23 19 12
Calcium channel blockers (C08) 3 7 3 11 3 4 5
Cardiac stimulants (positive chronotropic, ionotropic, and 7 2 6 0 0 4 11
dromotropic agents) (CO1C)
Corticoids (S02B) 0 0 3 0 0 1 0
Digitalis glycosides (COTAA) 4 1 2 2 2 2 3
Diuretics (CO3) 0 0 5 0 0 0] 5
Dual anti-Platelet 72 33 29 7 45 58 38
Full anticoagulation 92 55 14 13 30 48 63
GP IIb/llla inhibitors 2 19 8 2 5 17 8
Lipid modifying agents (C10) 31 13 5 0 18 15 4
Magnesium 0 6 2 3 3 2 6
Miscellaneous 2 3 4 3 2 5 5
Oxygen (All other therapeutical products, VO3A) 20 3 2 4 1 4 16
Plant alkaloids and other natural products (LO1C) 0 1 2 0 2 1 0
Platelet aggregation inhibitors (excluding heparin) 88 21 20 5 27 49 43
(BO1AC)—single antiplatelet
Prophylactics and symptomatic 11 10 2 0 6 9 8
Psychotropic or anxiolytics 1 6 3 0 0 2 6
Sex hormones and modulators of the genital system (GO3) / 0 0 2 0 1 1 0
Hormone replacement therapy
Thrombolytic or fibrinolytic therapy 34 21 8 12 18 21 7
Triple antithrombotic therapy 2 8 2 5 1 4 12
Vaccines (JO7) 3 0 0 0 1 2 0
Vasodilators used in cardiac diseases (Nitrates) 17 3 5 6 3 5 11

Given codes were based on the Anatomical Therapeutic Chemical (ATC) Classification System maintained by the World Health Organization Collaborating Centre for Drug

Statistics Methodology (WHO-CC).

Discussion
Main findings of this study

In our study, we evaluated 2,139 recommendations ab-
stracted from STEMI-related CPGs endorsed by 3 ma-
jor cardiological medical societies from 1990 to 2023.
Overall, the proportion of LOE-A recommendations was
only 17.1%, followed by a 59.1% based on both LOE-B
or LOE-C (29.8% and 29.3%, respectively), with signifi-
cant change in the LOE across the evaluated time. Ad-
ditionally, 50% of recommendations were classified as
Class I, while 25% were Class II-a, 13% Class II-b, and
12% Class III. Time-series assessment evidenced progres-
sive increase in recommendations derived from random-
ized clinical trials (RCT) and meta-analyses, with notable
peaks in 2004, 2017, and 2023. Paradoxically, reliance on
strongly advocated recommendations (Class I) has esca-
lated longitudinally over the years. Pharmacological in-
terventions had historically higher LOEs (21.5%) com-
pared to nonpharmacological therapies (13.8%). Prevail-

ing pharmacological interventions comprised anticoag-
ulants and dual antiplatelets, whilst nonpharmacologi-
cal interventions chiefly embraced PCI and ICDs. Se-
quential guidelines analyses (2004/2013 [ACC/AHA] and
2017/2023 [ESC]) suggested minimal variation in the
LOEs/CORs of recommendations. In other words, de-
spite 3 decades of scientific and technological efforts,
the evidence basis landscaping STEMI-related guideline
recommendations has progressed far more slowly, sug-
gesting a chronic misalignment between clinical ad-
vancement and the strength of underlying evidence. To
the best of our knowledge, our research stands as the
first pathology-specific, intervention-stratified, prospec-
tive temporal monitoring meta-research evaluating the
coevolution of guidelines underpinning acute manage-
ment of STEMI and their supporting evidence as 2 dy-
namically cointeractive systems. Additionally, using prin-
ciples related to thematic and content analyses, we de-
veloped a semantic and lexical coding system to quanti-
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Table 4. Distribution of the level of evidence (LOE| and class of recommendation (COR) of nonpharmacological interventions, by

subcategory.

Subcategory of nonpharmacological interventions

Nonpharmacological

Nonpharmacological

COR LOE
| ll-a b 1} A B C
Absolute bed rest 0 1 0 1 0 0 2
Angioplasty 4 6 6 10 0 0 1
Avrterial pressure monitoring 14 15 6 6 1 1 20
Balloon flotation right heart catheter monitoring 9 5 1 3 0 0 0
Cardiac implantable electronic devices 52 25 16 24 5 6 22
Coronary angiography 27 12 5 5 10 11 7
Diagnosis | Exercise testing 2 0 1 3 0 2 4
Diet 15 6 2 0 4 17 2
Emergency or urgent coronary bypass surgery 51 26 11 10 8 33 19
Imaging 44 37 14 9 [ 25 66
Implantable ventricular assist devices 4 2 3 4 0 10 2
Intra-aortic balloon counterpulsation and other circulatory assist 22 13 1 6 1 13 12
devices
Intracoronary physiologic measurements 0 1 2 1 0 1 3
Invasive evaluation 3 0 0 0 0 3 0
Management of complications approaches 46 15 5 3 6 16 35
Noninvasive evaluation of low-risk patients 7 0 4 4 0 1 2
Percutaneous coronary infervention 153 89 41 39 81 140 95
Psychological support 1 2 0 0 1 0 2
Secondary prevention (management of underlying diseases and 51 6 2 0 15 33 11
habits)
Surgical corrections | approaches 12 15 6 0 2 12 19
Temperature management 4 0 0 0 0 4 0
Ultrafiltration 0 0 2 0 0 2 0
Table 5. Focal temporal comparison of 2 consecutive guidelines from the ACC/AHA and ESC.

Variable Number of recommendations (%)

ACC/AHA ESC

Old (2004) Recent (2013) Old (2017) Recent (2023)

n =341 n=113 n=213 n=167
LOE-A* (Randomized or nonrandomized) 52 (15.2%) 15 (13.3%) 67 (31.5%) 54 (32.3%)
LOE-B* (Benefit?+or 1+ /Risk™) (Randomized or 136 (39.9%) 66 (58.4%) 68 (31.9%) 50 (30.0%)
nonrandomized)
LOE-C* (Benefit1*/Risk'") (Limited data or expert 153 (44.9%) 32 (28.3%) 78 (36.6%) 63 (37.7%)
opinion)
N/A 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Class I* (Benefit®+/Risk™) 197 (57.8%) 68 (60.2%) 107 (50.2%) 80 (47.9%)
Class Il-a* (Benefit?* /Risk!") 69 (20.2%) 24 (21.2%) 56 (26.3%) 43 (25.7%)
Class Ib* (Benefit'* /Risk!) 27 (7.9%) 13 (11.5%) 28 (13.2%) 27 (16.2%)
Class III* (Benefit' /Risk'") 48 (14.1%) 8 (7.1%) 22 (10.3%) 17 (10.2%)
N/A 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
p-value < 0.05.

tatively and objectively match, whenever applicable, rec-
ommendations across successive CPGs. These findings
raise timely questions about the evolving landscape of
evidence generation in acute cardiovascular care.

Context within prior evidence

Our results corroborate with several published stud-
ies that assessed the LOE and COR within clinical prac-
tice guidelines in multiple medical specialties.”!!-5-¢

For instance, Fanaroff et al.'° suggested that only 15% of
recommendations among the analyzed guidelines (from
2008 to 2018) were supported by high-level of evidence.
They also stressed that after over a decade since the pub-
lication of the first large meta-research on guidelines in
Cardiology (Tricoci et al.”) there had not been registered
among guidelines a significant increase in the proportion
of recommendations based on high LOE. More recently,
Milbradt et al.®” further scrutinized ESC guidelines, re-
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inforcing the reliance on lower grade evidence. Similar
findings were seen in other specialties. Despite our pri-
mary focus on ACS recommendations, we also observed
no no substantial improvement in the LOE across the
years. The observed steady tendency in the proportion of
recommendation derived from limited-leveled evidence
brings attention to potential barriers that limit the es-
tablishment of a scientific environment that promotes
the generation of high-quality evidence for several clin-
ical topics. Combined, this body of evidence—including
our own—challenges reasonable assumption that recur-
rent guidelines update naturally absorb with growing in-
tensity stronger evidence—a model not evidenced by 33
years of STEMI-related guideline development. Instead of
simply framing knowledge gaps, our data reflect an im-
portant misalignment between “types of questions clini-
cians most urgently require answer” and “the questions
that existing research ecosystem is systematically in-
centivized to explore.”

Some structural and methodological contributors to
evidence stagnation in STEMI care

An important factor that might limit the development
of CPGs based on high LOE references is the lack of
high-quality clinical trials in several fields of cardiology,
alongside with funding limitations for trial designs. Sev-
eral systematic reviews and meta-research studies have
suggested that a considerable amount of published clini-
cal trials lack essential features of clinical usefulness (ie,
including those relating to problem base, context place-
ment, knowledge gain, pragmatism, patient centered-
ness, cost-effectiveness, feasibility, and transparency),
and tend to emphasize the isolated effect of the inter-
vention on a highly selected population, rather than on
a group that represents clinical practice.’®”! Addition-
ally, several clinically relevant research questions consid-
ered in guidelines might either not have yet been ad-
dressed through high-quality investigations or are not
easily amenable to standard clinical trial designs, requir-
ing specific approaches, such as registry-based or prag-
matic multicenter trials.

The current stagnation in high-quality evidence recom-
mendations may also be resulted, at least in part, from the
inherent challenges in applying traditional clinical trials
designs to certain high-impact clinical questions which
are often constrained by ethical considerations, limita-
tions in achieving clinical consensus, economic limita-
tions, and substantial patient heterogeneity. For instance,
patients undergoing high-risk PCI (eg, patients with se-
vere left ventricular dysfunction, cardiogenic shock, or
with previous coronary artery bypass grafting) would
benefit from the use of different mechanical circulatory
support devices (such as intra-aortic balloon pumps).’>”>
However, due to ethical limitations, variability of in-
coming patients’ conditions, and fast-paced technologi-
cal development of new devices, the development of a
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robust, high-quality clinical trial is challenging, expen-
sive, and time-consuming. Likewise, regulatory and eco-
nomic factors might modulate the prioritization of re-
search development, ultimately affecting the inclusion
of robust evidence within guidelines.”® In that regard,
a relevant factor is the pressure from medical compa-
nies, whose funding is often directed towards novel,
marketable and highly profit margin-oriented interven-
tions rather than pragmatic evaluation of standard care
or legacy therapies, while public or governmental fund-
ing remains insufficient to address many pressing care
delivery or comparative-effectiveness questions.”’ This
phenomenon precipitates the settlement of an evidence-
generation system driven by regulatory approval as op-
posed to advancing guideline robustness, consistently
deprioritizing clinically relevant areas but commercially
unprofitable domains. Finally, even with the evidence
showing benefits of a certain therapy, the translation
of the findings into clinical practice depends on local
healthcare funding, limiting further assessments of the
interventions in registry-based RCTs. Therefore, we high-
light that the scarcity of LOE-A is not a failure of guide-
lines committees but a manifestation of long-standing sys-
temic disjunction between research incentives and real-
world clinical need.

Our categorical comparison suggested that pharmaco-
logical interventions have a slightly higher proportion
of recommendations based on LOE-A compared to non-
pharmacological interventions. These findings are some-
what expected, as one might anticipate a lower LOE for
nonpharmacological interventions because of the vari-
ability in incoming funding resources and the complex-
ity of performing large-scaled and high-quality RCTs in
these areas, involving multiple devices, frequently up-
dated, and under constant technical development. Nev-
ertheless, this finding could be potentially influenced by
a particular PICO (Population, Intervention, Comparator,
Outcome) research question explored among the guide-
lines, where nonpharmacological interventions (such as
cardiac implantable electronic devices, implantable ven-
tricular assistance devices, stents, endoprostheses, or
noninvasive monitoring devices) may have been already
assessed in well-funded, large, and multicenter clinical
trials.”®” Device companies often conduct large, mul-
ticentered, RCTs, leading to higher LOE. There is a cur-
rent trend, however, towards a superselection of patients
through rigorous inclusion criteria, instead of pragmatic
designs, limiting the generalization even of such results
and the translation into changes of clinical practice. Con-
versely, relevant clinical research questions correlated
to less invested areas in cardiology, might be affected
with monetary shortage and lack of funding, ultimately
reducing the number of clinical trials and consequently
the overall quality of evidence. In this scenario, we may
cite that many clinically essential research questions—
quality-of-care metrics, systems of care and health infras-
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tructural improvement, rehabilitation, and logistical opti-
mization of care—remain underfunded or understudied,
creating what can be metaphorically name as “neglected
healthcare dimensions.” Consequently, areas that most
profoundly influence survival and equity across settings
are regularly those with the weakest evidence base, not
due to any inferiority in significance, but because they
are less profitable.

Re-envisioning an evidence ecosystem for acute
STEMI and cardiovascular care

As observed among included guidelines, the ACC,
AHA, and ESC apply the COR and LOE systems to Clinical
Strategies, Interventions, Treatments, or Diagnostic Test-
ing in Patient Care, which is seen as a complex and dif-
ficult to be translated into daily medical practice. For ex-
ample, the existing nuances between Class II-a and Class
II-b are frequently confusing to healthcare providers and
consumers that are looking for rapid but accurate medi-
cal information and knowledge at the point of care. In
addition, recommendations are commonly affected by
the subjectivity of expert opinion, introducing inconsis-
tency and heterogeneity as experts might interpret the
obtained evidence differently. We bring attention to the
fact that several epidemiologically and clinically relevant
questions are not commonly answered by RCTs, despite
the critical importance of other types of study designs
that my adequately answer these clinical questions, such
as population-based cohorts, large registries and ecolog-
ical/epidemiological studies. The chronic belief that all
clinically important question must be answered through
an RCT has inadvertently circumscribed the scope of ac-
ceptable evidence, delaying or inhibiting progress in ar-
eas where alternative designs would be more ethical, fea-
sible, informative, and economic.

These critical challenges and disadvantages associated
with the standard classification system currently adopted
by the selected societies may be partially solved by
the utilization of alternative methodologies, such as
the Grading of Recommendations Assessment, Develop-
ment, and Evaluation (GRADE) approach.??:3! Addition-
ally, with the increasing usability of high-quality rou-
tinely collected data, new frameworks (including the
emulated trial framework and advanced methods for
causal inference) offer promising avenues to strengthen
the evidence supporting clinical practice guideline rec-
ommendations in areas where RCTs might be insuffi-
cient.

In regular hospital-based clinical practice, it is common
to observe the routinization associated with the deliv-
ery of certain medical interventions and therapies, based
on long-term common practice. During in-hospital acute
management of STEMI patients, certain “codes of con-
duct” are already taken in place. We observed that cer-
tain recommendations are not mentioned in CPPs indef-
initely. For instance, based on the guidelines endorsed
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by ACC/AHA, antianginal analgesic drugs (including in-
travenous morphine), started to be described in detail in
19962122 However, after 2008,%-4! no further descrip-
tion or mention of associated recommendations has been
presented among subsequent published guidelines, with-
out adequate justification or discussion. Similarly, nitrates
started to be described in 1990'° and were last men-
tioned in the update of 2004.°° The silent disappearance
of some recommendations—without clearly downgrad-
ing, explicit rationale, or Class III-specific designation—
hinders transparency and complicates prospective inter-
pretation of guidelines evolution. Despite these omis-
sions, other cardiology societies, including the Brazil-
ian Society of Cardiology, still formulate recommenda-
tions on these therapies using limited-quality evidence.®>
Therefore, some of our results would be affected by
these several routinely internalized medical practices,
not adequately addressed in current guidelines. Another
hypothesis for the discontinuation of certain recommen-
dations is that they may no longer be commonly used
nowadays or may have been linked to potential risks or
harms. However, if this rationale is correct, the formula-
tion of a discouraging recommendation should be explic-
itly labeled as Class III (“should not be performed”). In
this perspective, their previous presence in guidelines re-
flect historical practices rather than ongoing clinical rou-
tines, emphasizing the evolving nature of medical stan-
dards and the importance of regularly updating guide-
line content to mirror current evidence and practice pat-
terns.

We observe a statistically significant variation in the
distribution of LOE categories among the ACC/AHA and
the ESC guidelines, which could potentially reflect core
differences in the way each society approaches clinical
practice guidelines development. Both organizations op-
erate under completely different healthcare systems (ie,
funding and financial models, healthcare access and cov-
erage, health-related costs of care, differential focus on
preventive versus curative care, and role of the private
sector), sociocultural expectations, and healthcare sys-
tems challenges, which may affect and structure how ev-
idence is created and weighted. The observed contrast
between the analyzed societies may be utilized and trans-
lated into practice, particularly for clinicians and practi-
tioners who frequently rely on guidelines for decision-
making. Given the potential influence in the LOE in a
recommendation’s efficacy and safety, variance between
ACC/AHA and ESC documents might generate inconsis-
tencies in treatment practices globally. For instance, car-
diologists and specialists in cardiovascular care practic-
ing in European-related regions might be under stronger
endorsements for determined interventions under lower
or higher evidence levels than in regions where the
ACC/AHA guidelines are valid, leading to high variabil-
ity in care practices, potentially affecting patient out-
comes and global estimates for cardiovascular-related dis-
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Figure 4. The evidence universe model - a dynamic, question-based structure for clinical inference.
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eases and conditions. Although we could not examine
the reasons for the observed heterogeneity in LOE across
evaluated recommendations, further actions towards a
more harmonized development of cardiology-related evi-
dence might be timely and relevant, based on a collective
and synergic collaboration within societies, minimizing
variability and improving the clarity of clinical guidance
worldwide.

The Evidence Universe Model: A dynamic
framework for question-based assessment

As stressed in our previous sections, the development
of recommendations for acute STEMI care has several
structural limitations, underpinning the ways in which
evidence is designed, prioritized, and ultimately trans-
lated into routine clinical practice. The long-standing as-
sumption that all clinical questions should be amenable
to RCTs overlooks the wider epistemological landscape
and the need for conceptual models that more accu-
rately capture how different study designs shape clin-
ical inference. To respond to this gap, we propose a
new question-driven framework thar reestablishes evi-
dence not as a rigid stratified hierarchy, but as a dy-
namic multidimensional process, as shown in Figure 4.
Traditional classification systems are following assump-
tions that study design grants evidentiary superiority,
that RCTs solely establish causal truth, besides that ev-
idence accumulates linearly towards meta-analytical ap-
proaches. However, we recognize that the empirical
value from any given design is intrinsically conditioned
on the inferential demands imposed by the clinical ques-
tion under evaluation. Each study design should be seen
as occupying an “orbital trajectory” defined by its fit-for-
purpose attributes as opposed to traditional values and
norms of methodological prestige. Compelling examples
are pragmatic randomized or registry-based randomized
trials as well as target trials emulations which orbits on
the innermost circle when answering therapeutic causal-
consequence questions, while large-, well-designed ob-
servational trials may better reside in proximal orbits
when core enquiries involve rare outcomes or unethi-
cally untastable experiments. Similarly, diagnostic accu-

racy tests are better located to subsidize early-rule-in di-
agnostic decisions, whereas mechanistic (basic science
studies) generates deeper insights when biological plau-
sibility is fundamental.

The proposed Evidence Universe Model should be
seen as a flexible approach—the geometry of evidence is
not fixed but it reorganizes itself in accordance with the
epistemic demand of the research question. The static
rationale that “one-design-fits-all” is incompatible with
this framework and only designs that are congruent with
inferential requirements of the question are considered
valid. Thus, the proposed model offers a more realistic
picture of how evidence is generated, interpreted, and
summarized, specially in the context of fast-paced evolv-
ing acute STEMI practice. Additionally, our model nat-
urally integrates emerging methodological paradigms in
evidence development, including real-world data analyt-
ics, causal inference methods, registry-based RCTs, and
so forth. By changing the analytical focus from design hi-
erarchy to design-question congruence, our model may
improve transparency, harmonization, and methodologi-
cal coherence in upcoming guidelines development pro-
cess.

Strengths and limitations

Our study is based on relevant strengths. It followed
a rigorous methodological framework, with clear defini-
tions and inclusion criteria, besides a robust data man-
agement (performed by at least 2 independent investiga-
tors). Likewise, we utilized a long-term follow up, cap-
turing a broad evolution of recommendations. However,
we acknowledge some limitations. Firstly, we may have
been affected (although inherently and unavoidably) by
judgment bias of the LOE and CORs of recommendations
from the original authors of included CPGs, without a re-
view of the recommendations by an independent group,
for comparison. This “carried-out bias” might have influ-
enced some of our findings, which we highlighted in
our discussion of the results. Additionally, the focus on
acute in-hospital STEMI management recommendations
emerges as another limitation, as findings may not be
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similar in other diseases and conditions, even within the
scope of acute and chronic coronary syndromes.

Conclusions and implications

In conclusion, acute in-hospital STEMI management
guidelines from leading societies have largely relied on
low to moderate LOE, and despite recurrent updates,
the overall evidence quality has not markedly improved.
This persistent pattern suggests a foundational challenge
in cardiovascular evidence establishment—several clin-
ically relevant research questions remain untested in
strong and well-designed pragmatic clinical trials, along-
side that existing RCTs commonly include bias selected
individuals, limiting generalizability to real-world STEMI
management. Additionally, for decades, guideline com-
mittees have relied on a classification model that is fa-
cilitative, reliable and familiar, yet far from the exem-
plar of transparency and methodological rigor that CPGs
require. The system is still usable—like outdated op-
eration systems—but it is progressively becoming mis-
aligned with demands of routine and contemporary ev-
idence synthesis field. Resolving existing challenges will
need more than a pivotal standalone clinical study or
purpose-built analytic model. One reasonable evidence-
derived pipeline spans pragmatic designs, incorporat-
ing randomization within clinical registries, and foster-
ing the development of real-time learning health systems
that continuously incorporate practice and evidence. If
implemented, these governance pathways could finally
match the paces—the evidence generation and clinical
practice—shifting CPG development towards a level that
even the most rigor-anchored scientist would find limited
basis on which to dispute.

Data sharing
We included all utilized datasets and analytical codes in

our online repository webpage on Open Science Frame
(DOI 10.17605/0OSEIO/BRD58).

Ethical approval
As this study did not involve any human data, ethics
approval was not required.

Dissemination to participants and

related patient and public communities
The present submission did not involve study partici-
pants (patients). This research was shared through con-
ference presentations (primary conference presentation
planned to occur at the American Heart Association Sci-
entific Sessions 2024, Chicago, Illnois, March 31st, 2025)
and was shared with relevant stakeholder groups, such
as the American Heart Association, American College of
Cardiology, and European Society of Cardiology.

American Heart Journal
April 2026

CRediT authorship contribution
statement

Israel Junior Borges do Nascimento: Writing - re-
view & editing, Writing - original draft, Visualization,
Validation, Supervision, Project administration, Method-
ology, Investigation, Funding acquisition, Formal analy-
sis, Data curation, Conceptualization. Renato D. Lopes:
Writing - review & editing, Writing - original draft, Vi-
sualization, Formal analysis. Marcos Venicius Malveira
De Lima: Methodology, Formal analysis, Data curation.
Matheus de Freitas Itaborahy: Visualization, Formal
analysis, Data curation. Alexander C. Fanaroff: Writ-
ing - original draft, Visualization, Validation, Formal anal-
ysis. Brijesh Sathian: Writing - original draft, Visualiza-
tion, Validation. Holger Thiele: Writing - original draft,
Visualization, Validation, Methodology. Bruno Ramos
Nascimento: Writing - review & editing, Writing - orig-
inal draft, Visualization, Validation, Supervision, Project
administration, Methodology, Investigation, Formal anal-
ysis, Data curation, Conceptualization.

Acknowledgments

This research project manager’ reaffirm that this
manuscript is an honest, accurate, and transparent ac-
count of the study being reported. Additionally, he en-
sures that no relevant features of the research have been
omitted and that all protocol modifications or discrepan-
cies have been explained thoroughly. We acknowledge
the participation of Professor Isabelle Boutron and Pro-
fessor Philippe Ravaud who hosted the main author at
Hoteu Dieu AP-HP (Paris, France). We also would like to
thank Professor Gordon Guyatt who offered a brief expla-
nation about the importance of the GRADE approach for
creating clinical recommendations within clinical prac-
tice guidelines. We would like to initially thank the ini-
tial panel of specialists evaluating the project’s method-
ology and applicability from the Université Paris Cité and
Université Sorbonne Paris Nord, INSERM, INRAE, Cen-
ter for Research in Epidemiology and StatisticS (CRESS)
and Centre d’Epidémiologie Clinique, AP-HP, Hopital Ho-
tel Dieu (Paris, France), particularly, Prf. Anna Chaimani
(Université Paris Cité, Centre of Research in Epidemiol-
ogy and Statistics), Prf. Raphaél Porcher, and Prf. Viet-
Thi Tran. We wish to thank Anneliese Arno (Evidence
for Policy & Practice Centre, University College London,
London, United Kingdom, and School of Public Health
and Preventive Medicine, Monash University, Melbourne,
Australia) for granting complimentary access to Covi-
dence (Veritas Health Innovation, Melbourne, Australia).
Additionally, we thank the WHO Collaborating Centre for
Drug Statistics Methodology (Norway) and the WHO In-
ternational Working Group for Drug Statistics Methodol-
ogy (Norway), for sharing the database on medicinal sub-
stances that are classified according to their main thera-

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en abril 10, 2026.
Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2026. Elsevier Inc. Todos los derechos reservados.



American Heart Journal
Volume 294

peutic use on the basic principle, the Anatomical Thera-
peutic Chemical (ATC) Classification. Representative of
the WHO-affiliated centers are Dr. Raffaella Giovanna
Balocco, Dr. Mohammad Nouri Sharikabad, and Dr. Tove
Granum. Lastly, we thank Professor Joerg J. Meerpohl
(Institute for Evidence in Medicine, Medical Center—
University of Freiburg, Faculty of Medicine, University of
Freiburg, Freiburg, Germany and Cochrane Germany) for
providing complementary assessment of our research.

Funding and support
There was no funding for this study.

Conflicts of interests

No funding was received for this work. JBN was
funded by the Brazilian Ministry of Health and the Uni-
versité Paris Cité. IJBN is alone responsible for the views
expressed in this publication and they do not neces-
sarily represent the decisions or policies of the World
Health Organization. IJBN, RDL, and BRN are members
of the American Heart Association (AHA) and declare
that the organization did not influence the data pro-
cessed or engaged discussions. RDL reports research
grants or contracts from Amgen, Bristol Myers Squibb,
GlaxoSmithKline, Medtronic, Pfizer, and Sanofi-Aventis;
funding for educational activities or lectures from Pfizer,
Daiichi Sankyo, and Novo Nordisk; and funding for con-
sulting from Bayer, Boehringer Ingelheim, Bristol My-
ers Squibb, and Novo Nordisk. BRN reports research
support in part by CNPq (Bolsa de produtividade em
pesquisa, 310749/2022-0), by the Edwards Lifesciences
Foundation (Improving the Prevention and Detection
of Heart Valve Disease Across the Lifespan, 2025), and
by FAPEMIG (grants APQ-03291-18 and RED-00192-23).
Funding sources did not have any role in the design and
conduct of the study, data collection and analysis, inter-
pretation of study findings, or the decision to publish.
All authors have completed the ICMJE uniform disclo-
sure form at <www.icmje.org/coi_disclosure.pdf> and
herein declare that no support from any organization for
the submitted work, no financial relationships with any
organizations that might have an interest in the submit-
ted work in the previous years and declare no other re-
lationships or activities that could appear to have influ-
enced the submitted work.

Supplementary materials
Supplementary material associated with this article can

be found, in the online version, at doi:10.1016/j.ahj.
2025.1073206.

References
1 Poppas A, Elkind MSV, O’'Gara PT, Beckman JA. Optimizing
clinical practice guidelines: a key step to improving patient care
and outcomes. J Am Coll Cardiol 2020;76:2170-2.

Borges do Nascimento et al 15

2 European Society of Cardiology. ESC Clinical Practice Guidelines:
policies and procedures. hitps://www.escardio.org/static-file/
Escardio/Guidelines/Documents/2024%20Documents/ESC%
20Clinical%20Practice%20Guidelines%20-%20Policies%20and%
20Procedures%20-%20updated.pdf. (Accessed November 30,
2023).

3 American College of Cardiology Foundation and American Heart
Association. Methodology manual and policies from the
ACCF/AHA Task Force on practice guidelines. 2010.
https://professional.heart.org/-/media/PHD-Files/
Guidelines-and-Statements/
methodology_manual_and_policies_ucm_319826.pdf. (Accessed
November 30, 2023).

4 laserna A, Rubinger DA, Barahona-Correa JE, et al. Levels of
evidence supporting the North American and European
perioperative care guidelines for anesthesiologists between 2010
and 2020: a systematic review. Anesthesiology
2021;135:31-56.

5 Teede HJ, Tay CT, Laven JJE, et al. Recommendations from the
2023 International evidence-based Guideline for the assessment
and management of polycystic Ovary syndrome. J Clin Endocrinol
Metab 2023;108:2447-69.

6 Lenders JWM, Duh Q-Y, Eisenhofer G, et al. Pheochromocytoma
and paraganglioma: an endocrine society clinical practice
guideline. J Clin Endocrinol Metab 2014;99:1915-42.

7 Chang SS, Boorjian SA, Chou R, et al. Diagnosis and treatment of
non-muscle invasive bladder cancer: AUA/SUO guideline. J Urol
2016;196:1021-9.

8 Milbradt S, Eichhorn J, Fetzner U, et al. Correlation between the
level of evidence and the class of recommendations concerning
the pharmacological aspects of the guidelines of the European
Society of cardiology. Int ] Cardiol 2023;375:119-23.

9 Tricoci P, Allen JM, Kramer JM, et al. Scientific evidence
underlying the ACC/AHA clinical practice guidelines. JAMA
2009;301:831-41.

10 Fanaroff AC, Califf RM, Windecker S, et al. Levels of evidence

supporting American College of Cardiology/American Heart

Association and European Society of Cardiology Guidelines,

2008-2018. JAMA 2019;321:1069-80.

Li C, Wang C, Hao J, et al. Level of evidence supporting the

Chinese cardiovascular disease clinical practice guidelines and its

evolution in the past two decades. Lancet Reg Health West Pac

2023;36:100773.

12 Sephien A, Dayto DC, Reljic T, et al. A systematic critical
appraisal of clinical practice guidelines in heart failure using the
AGREE Il tool. Am J Cardiol 2023;202:192-8.

13 JA Bing. Principles of project management. PM Network; 8:
38-41.

14 Nascimento IJB do, Nascimento BR, Lima MVM de, et al. Project
Management Plan - coevolution between evidence and guideline
publishing within cardiology - focusing on ST-segment Elevation
Myocardial infarction (STEMI) recommendations. 2024.
DOI:10.17605/0OSF.IO/BRD58.

15 World health organization collaborating centre for drug statistics
methodology (WHOCC), Anatomical Therapeutic Chemical (ATC)
Classification System, Copenhagen, Denmark.
https://atcddd.fhi.no.

16 Gunnar RM, Bourdillon PD, Dixon DW, et al. ACC/AHA
guidelines for the early management of patients with acute
myocardial infarction. A report of the American College of
Cardiology/American Heart Association Task Force on

1

—_

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en abril 10, 2026.
Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2026. Elsevier Inc. Todos los derechos reservados.


http://www.icmje.org/coi_disclosure.pdf
https://doi.org/10.1016/j.ahj.2025.107326
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0001
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0001
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0001
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0001
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0001
https://www.escardio.org/static-file/Escardio/Guidelines/Documents/2024%20Documents/ESC%20Clinical%20Practice%20Guidelines%20-%20Policies%20and%20Procedures%20-%20updated.pdf
https://professional.heart.org/-/media/PHD-Files/Guidelines-and-Statements/methodology_manual_and_policies_ucm_319826.pdf
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0004
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0004
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0004
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0004
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0004
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0005
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0005
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0005
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0005
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0005
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0006
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0006
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0006
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0006
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0006
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0007
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0007
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0007
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0007
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0007
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0008
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0008
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0008
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0008
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0008
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0009
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0009
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0009
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0009
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0009
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0010
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0010
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0010
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0010
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0010
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0011
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0011
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0011
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0011
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0011
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0012
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0012
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0012
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0012
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0012
https://doi.org/10.17605/OSF.IO/BRD58
https://atcddd.fhi.no
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0016
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0016
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0016
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0016
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0016

16 Borges do Nascimento et al

17

19

20

21

22

23

24

25

26

27

Assessment of Diagnostic and therapeutic Cardiovascular
Procedures (subcommittee to develop guidelines for the early
management of patients with acute myocardial infarction).
Circulation 1990;82:664-707.

Gunnar RM, Bourdillon PDV, Dixon DW, et al. Guidelines for the
early management of patients with acute myocardial infarction: a
report of the American College of Cardiology/American Heart
Association Task Force on Assessment of Diagnostic and
therapeutic Cardiovascular Procedures (subcommittee to develop
guidelines for the early management of patients with acute
myocardial infarction). J Am Coll Cardiol 1990;16:249-92.
Ritchie JL, Bateman TM, Bonow RO, et al. Guidelines for clinical
use of cardiac radionuclide imaging report of the American
College of Cardiology/American Heart Association Task Force on
Assessment of Diagnostic and Therapeutic Cardiovascular
Procedures (Committee on Radionuclide Imaging), developed in
collaboration with the American Society of Nuclear Cardiology. J
Am Coll Cardiol 1995;25:521-47.

Ritchie JL, Bateman TM, Bonow RO, et al. Guidelines for clinical
use of cardiac radionuclide imaging: a report of the American
College of Cardiology/American Heart Association Task Force on
assessment of diagnostic and therapeutic cardiovascular
procedures (Committee on Radionuclide Imaging)-developed in
collaboration with the American Society of Nuclear Cardiology. J
Nucl Cardiol 1995;2:172-92.

Ritchie J |, Bateman TM, Bonow RO, et al. Guidelines for clinical
use of cardiac radionuclide imaging. A report of the American
Heart Association/American College of Cardiology Task Force on
Assessment of Diagnostic and Therapeutic Cardiovascular
Procedures, Committee on Radionuclide Imaging, developed in
collaboration with the American Society of Nuclear Cardiology.
Circulation 1995;91:1278-303.

Ryan TJ, Anderson JL, Antman EM, et al. ACC/AHA Guidelines
for the management of patients with acute myocardial infarction:
executive summary. Circulation 1996;94:2341-50.

Ryan TJ, Anderson JL, et alCommittee Members. ACC/AHA
guidelines for the management of patients with acute myocardial
infarction: a report of the American College of
cardiology/American Heart Association Task Force on Practice
Guidelines (Committee on Management of Acute Myocardial
Infarction). J Am Coll Cardiol 1996;28:1328-419.

Ryan TJ, Antman EM, Brooks NH, et al. 1999 update: ACC/AHA
guidelines for the management of patients with acute myocardial
infarction: a report of the American College of
Cardiology/American Heart Association Task Force on Practice
Guidelines (Committee on Management of Acute Myocardial
Infarction). J Am Coll Cardiol 1999;34:890-911.

Ryan TJ, Antman EM, Brooks NH, et al. 1999 Update: ACC/AHA
Guidelines for the management of patients with acute myocardial
infarction: executive summary and recommendations. Circulation
1999;100:1016-30.

Scanlon PJ, Faxon DP, Audet A-M, et al. ACC/AHA guidelines for
coronary angiography: executive summary and
recommendations. Circulation 1999;99:2345-57.

Scanlon PJ, Faxon DP, Audet AM, et al. ACC/AHA guidelines for
coronary angiography. A report of the American College of
Cardiology/American Heart Association Task Force on practice
guidelines (committee on coronary angiography). Developed in
collaboration with the Society for cardiac angiography and
interventions. J Am Coll Cardiol 1999;33:1756-824.

Eagle KA, Guyton RA, Davidoff R, et al. ACC/AHA guidelines for

American Heart Journal

April 2026

coronary artery bypass graft surgery: executive summary and
recommendations. Circulation 1999;100:1464-80.

28 Eagle KA, Guyton RA, Davidoff R, et al. ACC/AHA Guidelines for
coronary artery bypass graft surgery: a report of the American
College of Cardiology/American Heart Association Task Force on
Practice Guidelines (committee to revise the 1991 guidelines for
coronary artery bypass graft surgery). American College of
Cardiology/American Heart Association. J Am Coll Cardiol
1999,34:1262-347.

29 . Guidelines 2000 for cardiopulmonary resuscitation and
emergency cardiovascular care. Part 7: the era of reperfusion:
section 1: acute coronary syndromes (acute myocardial
infarction). The American Heart Association in collaboration with
the International Liaison Committee on Resuscitation. Circulation
2000;102:1172-203.

30 Smith SC, Dove JT, Jacobs AK, et al. ACC/AHA guidelines for

percutaneous coronary intervention (revision of the 1993 PTCA

guidelines)—Executive summary22. J Am Coll Cardiol
2001,37:2215-38.

Smith SC, Dove JT, Jacobs AK, et al. ACC/AHA guidelines for

Percutaneous coronary Intervention (Revision of the 1993 PTCA

Guidelines) —executive summary. Circulation

2001;103:3019-41.

32 Klocke FJ, Baird MG, Lorell BH, et al. ACC/AHA/ASNC
Guidelines for the Clinical Use of Cardiac radionuclide
Imaging —Executive Summary: a report of the American College
of Cardiology/American Heart Association Task Force on Practice
Guidelines (ACC/AHA/ASNC Committee to Revise the 1995
Guidelines for the Clinical Use of Cardiac Radionuclide
Imaging)44The ACC/AHA Task Force on Practice Guidelines
makes every effort to avoid any actual or potential conflicts of
interest that might arise as a result of an outside relationship or
personal inferest of a member of the writing panel. Specifically, all
members of the writing panel are asked to provide disclosure
statements of all such relationships that might be perceived as real
or potential conflicts of interest. These statements are reviewed by
the parent task force, reported orally to all members of the writing
panel at the first meeting, and updated as changes occur.55This
document was approved by the American College of Cardiology
Foundation Board of Trustees in July, 2003, the American Heart
Association Science Advisory and Coordinating Committee in
July, 2003, and the American Society of Nuclear Cardiology
Board of Directors in July, 2003.66When citing this document, the
American College of Cardiology Foundation, the American Heart
Association, and the American Society of Nuclear Cardiology
request that the following citation format be used: klocke FJ, Baird
MG, Bateman TM, Berman DS, Carabello BA, Cerqueira MD,
DeMaria AN, Kennedy JW, Lorell BH, Messer JV, O'Gara PT,
Russell RO Jr, St. John Sutton MG, Udelson JE, Verani MS,
Williams KA. ACC/AHA/ASNC guidelines for the clinical use of
cardiac radionuclide imaging—Executive summary: a report of
the American College of Cardiology/American Heart Association
Task Force on Practice Guidelines (ACC/AHA/ASNC Committee
to Revise the 1995 Guidelines for the Clinical Use of Radionuclide
Imaging). J Am Coll Cardiol 2003;42:1318-33.77() Am Coll
Cardiol 2003;42:1318-33)88©2003 by the American College
of Cardiology Foundation and the American Heart Association,
Inc. Journal of the American College of Cardiology
2003;42:1318-33.

33 Klocke FJ, Baird MG, Lorell BH, et al. ACC/AHA/ASNC
guidelines for the clinical use of cardiac radionuclide

3

—_

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en abril 10, 2026.
Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2026. Elsevier Inc. Todos los derechos reservados.


http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0016
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0017
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0017
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0017
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0017
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0017
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0018
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0018
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0018
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0018
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0018
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0019
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0019
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0019
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0019
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0019
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0020
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0020
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0020
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0020
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0020
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0021
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0021
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0021
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0021
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0021
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0022
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0022
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0022
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0022
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0023
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0023
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0023
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0023
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0023
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0024
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0024
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0024
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0024
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0024
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0025
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0025
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0025
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0025
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0025
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0026
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0026
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0026
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0026
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0026
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0027
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0027
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0027
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0027
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0027
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0027
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0028
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0028
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0028
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0028
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0028
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0029
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0030
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0030
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0030
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0030
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0030
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0031
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0031
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0031
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0031
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0031
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0032
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0032
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0032
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0032
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0032
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0033
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0033
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0033
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0033
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0033

American Heart Journal
Volume 294

imaging—executive summary: a report of the American College of
Cardiology/American Heart Association Task Force on Practice
Guidelines (ACC/AHA/ASNC Committee to Revise the 1995
Guidelines for the Clinical Use of Cardiac Radionuclide Imaging).
Circulation 2003;108:1404-18.

34 Van de Werf F, Ardissino D, Betriu A, et al. Management of acute
myocardial infarction in patients presenting with ST-segment
elevation. European Heart Journal 2003;24:28-66.

35 F Van de Werf, Bax J, et alAuthors/Task Force Members.
Management of acute myocardial infarction in patients presenting
with persistent ST-segment elevation: the Task Force on the
management of ST-segment elevation acute myocardial infarction
of the European Society of Cardiology. Eurn Heart JI
2008;29:2909-45.

36 Antman EM, Anbe DT, Armstrong PW, et al. ACC/AHA
Guidelines for the management of patients with ST-elevation
myocardial infarction: a report of the American College of
Cardiology/American Heart Association Task Force on Practice
Guidelines (Committee to Revise the 1999 Guidelines for the
Management of Patients With Acute Myocardial Infarction). J Am
Coll Cardiol 2004;44:E1-211.

37 Antman EM, Anbe DT, Armstrong PW, et al. ACC/AHA
guidelines for the management of patients with ST-elevation
myocardial infarction—Executive summary. Circulation
2004;110:588-636.

38 Hesse B, Tagil K, Cuocolo A, et al. EANM/ESC procedural
guidelines for myocardial perfusion imaging in nuclear
cardiology. Eur J Nucl Med Mol Imaging 2005;32:855-97.

39 Members Authors/Task Force, S Silber, Albertsson P, et al.
Guidelines for Percutaneous Coronary Interventions: the Task
Force for Percutaneous Coronary Inferventions of the European
Society of Cardiology. Eur Heart J 2005;26:804-47.

40 Antman EM, Armstrong PW, Green LA, et al. 2007 Focused
update of the ACC/AHA 2004 guidelines for the management of
patients with ST-elevation myocardial infarction. J Am Coll Cardiol
2008;51:210-47.

41 Antman EM, Hand M, Armstrong PW, et al. 2007 Focused
update of the ACC/AHA 2004 guidelines for the management of
patients with ST-elevation myocardial infarction. Circulation
2008;117:296-329.

42 Hesse B, Lindhardt TB, Acampa W, et al. EANM/ESC guidelines
for radionuclide imaging of cardiac function. Eur J Nucl Med Mol
Imaging 2008;35:851-85.

43 Kushner FG, Hand M, Smith Jr SC, et al. 2009 Focused updates:
ACC/AHA guidelines for the management of patients with
ST-elevation myocardial infarction (Updating the 2004 Guideline
and 2007 Focused Update) and ACC/AHA/SCAI guidelines on
percutaneous coronary intervention (Updating the 2005
Guideline and 2007 Focused Update). Catheter Cardiovasc
Interven 2009;74:E25-68.

44 Kushner FG, Hand M, Smith SC, et al. 2009 Focused updates:
ACC/AHA guidelines for the management of patients with
ST-elevation myocardial infarction (Updating the 2004 Guideline
and 2007 Focused Update) and ACC/AHA/SCAI guidelines on
percutaneous coronary intervention (Updating the 2005 Guideline
and 2007 Focused Update). Circulation 2009;120:2271-306.

45 Kushner FG, Hand M, Smith SC, et al. 2009 focused updates:
ACC/AHA guidelines for the management of patients with
ST-elevation myocardial infarction (updating the 2004 guideline
and 2007 focused update) and ACC/AHA/SCAI guidelines on
percutaneous coronary intervention (updating the 2005 guideline

Borges do Nascimento et al 17

and 2007 focused update) a report of the American College of
Cardiology Foundation/American Heart Association Task Force
on Practice Guidelines. J Am Coll Cardiol 2009;54:2205-41.

46 King SB, Smith SC, Hirshfeld JW, et al. 2007 Focused update of
the ACC/AHA/SCAI 2005 guideline update for percutaneous
coronary intervention. ] Am Coll Cardiol 2008;51:172-209.

47 King SB, Smith SC, Hirshfeld JW, et al. 2007 Focused update of
the ACC/AHA/SCAI 2005 guideline update for percutaneous
coronary infervention. Catheter Cardiovasc Interven
2008;71:E1-40.

48 King SB, Smith SC, Hirshfeld JW, et al. 2007 Focused update of
the ACC/AHA/SCAI 2005 guideline update for Percutaneous
coronary intervention: a report of the American College of
Cardiology/American Heart Association Task Force on Practice
Guidelines: 2007 Writing Group to review new evidence and
update the ACC/AHA/SCAI 2005 guideline update for
Percutaneous coronary intervention, Writing on behalf of the
2005 Writing Committee. Circulation 2008;117:261-95.

49 O'Gara PT, Kushner FG, Ascheim DD, et al. 2013 ACCF/AHA
Guideline for the management of ST-elevation myocardial
infarction: a report of the American College of Cardiology
Foundation/American Heart Association Task Force on Practice
Guidelines. J Am Coll Cardiol 2013;61:e78-140.

50 O'Gara PT, Kushner FG, Ascheim DD, et al. 2013 ACCF/AHA

guideline for the management of ST-elevation myocardial

infarction. Circulation 2013;127:€362-425.

Windecker S, Kolh P, et alAuthors/Task Force members. 2014

ESC/EACTS Guidelines on myocardial revascularization: the Task

Force on Myocardial Revascularization of the European Society of

Cardiology (ESC) and the European Association for

Cardio-Thoracic Surgery (EACTS)developed with the special

contribution of the European Association of Percutaneous

Cardiovascular Interventions (EAPCI). Eur Heart J

2014;35:2541-619.

52 Kolh P, Windecker S, Alfonso F, et al. 2014 ESC/EACTS
Guidelines on myocardial revascularization: the Task Force on
Myocardial Revascularization of the European Society of
Cardiology (ESC) and the European Association for
Cardio-Thoracic Surgery (EACTS)developed with the special
contribution of the European Association of Percutaneous
Cardiovascular Interventions (EAPCI). Eur Heart J
2014,46:517-92.

53 Levine GN, Bates ER, Blankenship JC, et al. 2015
ACC/AHA/SCAI focused update on primary percutaneous
coronary infervention for patients with ST-elevation myocardial
infarction: an update of the 2011 ACCF/AHA/SCAI guideline for
percutaneous coronary intervention and the 2013 ACCF/AHA
guideline for the management of ST-elevation myocardial
infarction. Circulation 2016;133:1135-47.

54 Levine GN, Bates ER, Blankenship JC, et al. 2015
ACC/AHA/SCAI focused update on primary percutaneous
coronary infervention for patients with ST-elevation myocardial
infarction: an update of the 2011 ACCF/AHA/SCAI guideline for
percutaneous coronary intervention and the 2013 ACCF/AHA
guideline for the management of ST-elevation myocardial
infarction. J Am Coll Cardiol 2016;67:1235-50.

55 Committee PW, Levine GN, et alCardiology E by the LAS of I.
2015 ACC/AHA/SCAI focused update on primary percutaneous
coronary infervention for patients with ST-elevation myocardial
infarction: an update of the 2011 ACCF/AHA/SCAI guideline for
percutaneous coronary intervention and the 2013 ACCF/AHA

5

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en abril 10, 2026.
Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2026. Elsevier Inc. Todos los derechos reservados.


http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0033
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0034
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0034
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0034
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0034
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0034
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0035
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0035
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0035
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0035
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0036
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0036
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0036
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0036
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0036
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0037
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0037
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0037
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0037
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0037
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0038
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0038
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0038
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0038
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0038
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0039
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0039
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0039
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0039
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0039
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0040
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0040
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0040
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0040
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0040
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0041
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0041
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0041
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0041
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0041
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0042
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0042
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0042
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0042
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0042
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0043
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0043
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0043
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0043
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0043
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0044
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0044
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0044
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0044
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0044
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0045
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0045
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0045
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0045
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0045
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0045
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0046
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0046
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0046
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0046
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0046
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0047
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0047
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0047
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0047
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0047
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0048
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0048
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0048
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0048
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0048
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0049
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0049
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0049
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0049
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0049
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0050
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0050
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0050
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0050
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0050
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0051
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0051
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0051
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0051
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0052
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0052
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0052
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0052
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0052
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0053
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0053
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0053
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0053
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0053
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0054
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0054
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0054
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0054
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0054
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0055
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0055
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0055
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0055

18 Borges do Nascimento et al

guideline for the management of ST-elevation myocardial
infarction: a report of the American College of
Cardiology/American Heart Association Task Force on Clinical
Practice Guidelines and the Society for Cardiovascular
Angiography and Interventions. Catheter Cardiovasc Interven
2016;87:1001-19.

56 Patel MR, Calhoon JH, Dehmer GJ, et al.
ACC/AATS/AHA/ASE/ASNC/SCAI/SCCT/STS 2016
appropriate use criteria for coronary revascularization in patients
with acute coronary syndromes: a report of the American College
of Cardiology appropriate use Criteria Task Force, American
Association for Thoracic Surgery, American Heart Association,
American Society of Echocardiography, American Society of
Nuclear Cardiology, Society for Cardiovascular Angiography and
Interventions, Society of Cardiovascular Computed Tomography,
and the Society of Thoracic Surgeons. J Am Coll Cardiol
2017,24:439-63.

57 Patel MR, Calhoon JH, Dehmer GJ, et al.
ACC/AATS/AHA/ASE/ASNC/SCAI/SCCT/STS 2016
appropriate use criteria for coronary revascularization in patients
with acute coronary syndromes: a report of the American College
of Cardiology appropriate use Criteria Task Force, American
Association for Thoracic Surgery, American Heart Association,
American Society of Echocardiography, American Society of
Nuclear Cardiology, Society for Cardiovascular Angiography and
Interventions, Society of Cardiovascular Computed Tomography,
and the Society of Thoracic Surgeons. J Am Coll Cardiol
2017,69:570-91.

58 Levine GN, Bates ER, Bittl JA, et al. 2016 ACC/AHA guideline
focused update on duration of dual antiplatelet therapy in patients
with coronary artery disease: a report of the American College of
Cardiology/American Heart Association Task Force on clinical
practice guidelines: an update of the 2011 ACCF/AHA/SCAI
guideline for percutaneous coronary infervention, 2011
ACCF/AHA guideline for coronary artery bypass graft surgery,
2012 ACC/AHA/ACP/AATS/PCNA/SCAI/STS guideline for the
diagnosis and management of patients with stable ischemic Heart
disease, 2013 ACCF/AHA guideline for the management of
ST-elevation myocardial infarction, 2014 AHA/ACC guideline for
the management of patients with Non-ST-elevation acute coronary
syndromes, and 2014 ACC/AHA guideline on perioperative
cardiovascular evaluation and management of patients
undergoing noncardiac surgery. Circulation 2016;134:e123-55.

59 Levine GN, Bates ER, Bittl JA, et al. 2016 ACC/AHA guideline
focused update on duration of dual antiplatelet therapy in patients
with coronary artery disease: a report of the American College of
Cardiology/American Heart Association Task Force on clinical
Practice guidelines. ] Am Coll Cardiol 2016;68:1082-115.

60 Valgimigli M, Bueno H, Byrne RA, et al. 2017 ESC focused

update on dual antiplatelet therapy in coronary artery disease

developed in collaboration with EACTS: the Task Force for dual
antiplatelet therapy in coronary artery disease of the European

Society of Cardiology (ESC) and of the European Association for

Cardio-Thoracic Surgery (EACTS). Eur Heart J 2018;39:213-60.

Ibanez B, James S, Agewall S, et al. 2017 ESC Guidelines for the

management of acute myocardial infarction in patients presenting

with ST-segment elevation: the Task Force for the management of

6

—_

acute myocardial infarction in patients presenting with ST-segment
elevation of the European Society of Cardiology (ESC). Eur Heart
J2018;39:119-77.

62 Lawton JS, Tamis-Holland JE, Bangalore S, et al. 2021

American Heart Journal
April 2026

ACC/AHA/SCAI guideline for coronary artery Revascularization:
executive Summary: a report of the American College of
Cardiology/American Heart Association Joint Committee on
Clinical Practice Guidelines. Circulation 2022;145:e4-17.

63 Lawton JS, Tamis-Holland JE, Bangalore S, et al. 2021
ACC/AHA/SCAI guideline for coronary artery revascularization:
executive summary. J Am Coll Cardiol 2022;79:197-215.

64 Byrne RA, Rossello X, Coughlan JJ, et al. 2023 ESC Guidelines for
the management of acute coronary syndromes: developed by the
task force on the management of acute coronary syndromes of the
European Society of Cardiology (ESC). Eur Heart J
2023;44:3720-826.

65 Wagner J, Marquart J, Ruby J, et al. Frequency and level of
evidence used in recommendations by the National
Comprehensive Cancer Network guidelines beyond approvals of
the US Food and Drug Administration: retrospective observational
study. BMJ 2018;360:k668.

66 Lee DH, Vielemeyer O. Analysis of overall level of evidence
behind Infectious Diseases Society of America Practice guidelines.
Arch Internal Med 2011;171:18-22.

67 Milbradt S, Eichhorn J, Fetzner U, et al. Correlation between the
level of evidence and the class of recommendations concerning
the pharmacological aspects of the Guidelines of the European
Society of Cardiology. Int J Cardiol 2023;375:119-23.

68 loannidis JPA. Why most clinical research is not useful. PLOS Med
2016;13:€1002049.

69 LuJ, Xu B, Shen L, et al. Characteristics and research waste
among randomized clinical trials in gastric cancer. JAMA
Network Open 2021;4:€2124760.

70 Usman MS, Van Spall HGC, Greene SJ, et al. The need for
increased pragmatism in cardiovascular clinical frials. Naf Rev
Cardiol 2022;19:737-50.

71 Baasan O, Freihat O, Nagy DU, Lohner S. Methodological quality
and risk of bias assessment of cardiovascular disease research:
analysis of randomized controlled trials published in 2017. Front
Cardiovasc Med 2022;9. doi: 10.3389/fcvm.2022.830070.

72 De Marzo V, D’amario D, Galli M, et al. High-risk percutaneous
coronary infervention: how to define it today2 Minerva
Cardioangiol 2018;66:576-93.

73 Khalid N, Rogers T, Torguson R, et al. Feasibility and safety of
high-risk percutaneous coronary intervention without mechanical
circulatory support. Circ: Cardiovasc Interven
2021;14:e009960.

74 Ahmad Y, Sen S, Shun-Shin MJ, et al. Intra-aortic balloon pump
therapy for acute myocardial infarction: a meta-analysis. JAMA
Internal Med 2015;175:931-9.

75 Mandawat A, Rao SV. Percutaneous mechanical circulatory
support devices in cardiogenic shock. Circ: Cardiovasc Interven
2017;10:e004337.

76 Mayo JW, Flynn JE. The effects of regulation on research and
development: theory and evidence. J Business 1988;61:321-36.

77 Chopra SS. MSJAMA.: Industry funding of clinical trials: benefit or
bias? JAMA 2003;290(1):113-14.
doi:10.1001/jama.290.1.113.

78 . Cardiovascular funding by US National Institutes for Health.
Statista 2025 https://www.statista.com/statistics/7 16599/
cardiovascular-funding-by-the-national-institutes-for-health/.
accessed July 3, 2024.

79 Jones J. Cardiovascular research receives £7 million funding
boost. NIHR Leicester Biomedical Research Centre; 2024
published online May 24 https://leicesterbre.nihr.ac.uk/

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en abril 10, 2026.
Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2026. Elsevier Inc. Todos los derechos reservados.


http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0055
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0056
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0056
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0056
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0056
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0056
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0057
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0057
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0057
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0057
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0057
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0058
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0058
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0058
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0058
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0058
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0059
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0059
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0059
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0059
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0059
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0060
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0060
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0060
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0060
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0060
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0061
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0061
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0061
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0061
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0061
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0062
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0062
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0062
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0062
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0062
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0062
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0063
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0063
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0063
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0063
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0063
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0064
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0064
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0064
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0064
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0064
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0065
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0065
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0065
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0065
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0065
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0066
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0066
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0066
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0067
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0067
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0067
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0067
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0067
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0068
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0068
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0069
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0069
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0069
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0069
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0069
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0070
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0070
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0070
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0070
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0070
https://doi.org/10.3389/fcvm.2022.830070
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0072
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0072
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0072
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0072
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0072
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0073
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0073
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0073
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0073
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0073
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0074
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0074
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0074
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0074
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0074
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0075
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0075
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0075
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0076
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0076
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0076
https://doi.org/10.1001/jama.290.1.113
https://www.statista.com/statistics/716599/cardiovascular-funding-by-the-national-institutes-for-health/
https://leicesterbrc.nihr.ac.uk/heart-research-receives-7-million-funding-boost/

American Heart | i
merican Heart Journa Borges do Nascimento et al 19

Volume 294
heart-research-receives-7-million-funding-boost/ accessed July 3, part 3 of 3. The GRADE approach to developing
2024. recommendations. Allergy 2011;66:588-95.

80 Guyatt G, Oxman AD, Akl EA, et al. GRADE guidelines: 1. 82 Piegas LS, Timerman A, Feitosa GS, et al. V Diretriz da Sociedade
Introduction—GRADE evidence profiles and summary of findings Brasileira de Cardiologia sobre Tratamento do Infarto Agudo do
tables. J Clin Epidemiol 2011;64:383-94. Miocardio com Supradesnivel do Segmento ST. Arq Bras Cardiol

81 Brozek JL, Akl EA, Compalati E, et al. Grading quality of evidence 2015;105:1-121.

and strength of recommendations in clinical practice guidelines

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en abril 10, 2026.
Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2026. Elsevier Inc. Todos los derechos reservados.


https://leicesterbrc.nihr.ac.uk/heart-research-receives-7-million-funding-boost/
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0077
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0077
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0077
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0077
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0077
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0078
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0078
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0078
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0078
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0078
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0078
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0079
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0079
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0079
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0079
http://refhub.elsevier.com/S0002-8703(25)00388-6/sbref0079

	Coevolutionary analysis of evidence and recommendations in STEMI clinical practice guidelines: A 33-year meta-research study of ACC, AHA, and ESC
	Background
	Methods
	Data sources and searches
	Study selection
	Data extraction and quality assessment
	Data synthesis and analysis

	Results
	General findings
	Chronological assessment of CORs and LOE, 1990-2023
	Comparative temporal analysis of pharmacological and nonpharmacological interventions, 1990-2023
	Focal guideline evolution - ACC/AHA (2013 vs 2004) and ESC (2023 vs 2017) comparative analysis

	Discussion
	Main findings of this study
	Context within prior evidence
	Some structural and methodological contributors to evidence stagnation in STEMI care
	Re-envisioning an evidence ecosystem for acute STEMI and cardiovascular care
	The Evidence Universe Model: A dynamic framework for question-based assessment
	Strengths and limitations

	Conclusions and implications
	Data sharing
	Ethical approval
	Dissemination to participants and related patient and public communities
	CRediT authorship contribution statement
	Acknowledgments
	Funding and support
	Conflicts of interests
	Supplementary materials
	References


