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Abstract

Aims This study aimed to determine whether any change occurred over time in level of evidence (LoE) of therapeutic inter-
ventions supporting heart failure (HF) and other European Society of Cardiology guideline recommendations.
Methods and results We selected topics with at least three documents released between 2008 and April 2022. Classes of
recommendations (CoR) and supporting LoE related to therapeutic interventions within each document were collected and
compared over time. A total of 1822 recommendations from 18 documents on 6 topics [median number per document = 112,
867 (48%) CoR I] were included in the analysis. There was a trend towards a reduction over time in the percentage of CoR I in
HF (46–36–34%), non-ST elevation myocardial infarction (NSTEMI; 78–58–54%), and pulmonary embolism (PE; 65–50–39%)
guidelines, with a decrease in the total number of recommendations for HF only. Percentage of CoR I was stable over time
around 40% for valvular heart disease (VHD) and atrial fibrillation (AF), and around 60% for cardiovascular prevention
(CVP), with an increase in the total number of recommendations for VHD and CVP and a decrease for AF. Among CoR I,
319 (37%) were supported by LoE A, with a decrease over time for HF (56–46–42%), an increase for NSTEMI (29–38–48%)
and AF (28–31–36%), a bimodal distribution for PE and CVP, and a lack for VHD.
Conclusions LoE supporting therapeutic recommendations in contemporary European guidelines is generally low. Physicians
should be aware of these limitations, and scientific societies promote a greater understanding of their significance and drive
future research directions.
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Introduction

Guidelines are the key instrument for the implementation of
evidence-based medicine worldwide, and adherence to guide-
line recommendations is associated with an improvement of
outcomes in patients with cardiovascular (CV) diseases.1,2

Recommendations reported in guideline documents are based
on the highest level of evidence (LoE) available, which over the
last 40 years has been obtained mainly through randomized

clinical trials (RCTs). RCTs have transformed medical practice
and have become the gold standard for assessing the
effectiveness and safety of interventions.3 An LoE is assigned
to each recommendation in guidelines and the highest LoE
is given when multiple RCTs (sometimes combined into
meta-analyses) support or oppose a certain diagnostic or
therapeutic procedure.4 Nonetheless, two major review
manuscripts published in 2009 and 2019 reported that <15%
of recommendations from over 100 international guideline
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documents published in the last four decades were supported
by evidence from RCTs, without any important change over
time.5,6 Notably, these review manuscripts were primarily
focused on American rather than European guidelines, in-
cluded guidelines from all CV conditions without a compre-
hensive analysis for each topic, and had last document
abstracted in 2018.5,6

Heart failure (HF) is one of the leading CV health problems
in Europe and worldwide, and first guidelines for this condi-
tion were issued by the European Society of Cardiology
(ESC) in 1995.7 Since then, the ESC HF guideline document
underwent several updates, until the most recent one pub-
lished in late 2021.4 The overall LoE supporting current ESC
HF guideline recommendations is unclear, as well as whether
any significant change in LoE occurred in ESC HF guidelines
over recent years. How evidence of ESC guidelines for HF
compares with that supporting contemporary ESC guidelines
for other CV conditions is also undetermined. Thus, the aim
of this work was to investigate temporal trends of LoE behind
therapeutic interventions included in the ESC HF guidelines of
the last decade and compare these trends with those of
contemporary ESC guidelines for other acute and chronic CV
conditions. Reasons for these trends and areas of potential
improvement were then discussed.

Methods

Guideline documents selection

We identified ESC guidelines posted on the ESC website as of
April 2022. Only comprehensive guideline documents with
recommendations organized by classes of recommendations
(CoR) and LoE were included. Expert consensus documents
and focused updates were excluded. To allow for a more un-
biased temporal trend evaluation, we selected those topics
that had at least three comprehensive guideline documents
published within the last 15 years. This time span was se-
lected considering that a systematic presentation of CoR
and LoE was not available in guidelines published before
the late 2000s. In addition, the policy of the ESC mandates
that guidelines are updated each 5 years approximately.

Definition of classes of recommendations and
level of evidence

As stated in most recent ESC guideline documents, CoR I are
those for which there is ‘Evidence and/or general agreement
that a given treatment or procedure is beneficial, useful, ef-
fective’ and were the focus of our present work. These rec-
ommendations may be supported by different LoEs, classified
as follows: LoE A: ‘Data derived from multiple randomized

clinical trials or meta-analyses’; LoE B: ‘Data derived from a
single randomized clinical trial or large non-randomized stud-
ies’; and LoE C: ‘Consensus of opinion of the experts and/or
small studies, retrospective studies, registries’.

Search methodology

Guideline documents were downloaded (https://www.
escardio.org/Guidelines/Clinical-Practice-Guidelines) and ab-
stracted by two independent reviewers (M. C. and
V. D. M.). Number of recommendations, together with their
CoR and LoE, was collected from tables included in these
documents. We elected to investigate only recommendations
related to therapeutic interventions according to the goals of
our analysis and because of the wide heterogeneity of
diagnostic interventions in different guideline documents.
Therapeutic interventions included both medications and
procedures listed within each table. Rows in each table were
counted and grouped according to their CoR and LoE. When
multiple interventions were reported within a single row, a
unique CoR and LoE was assigned, although details contained
in each row were separately listed and reviewed. For exam-
ple, at page 2167 from HF guidelines 2016,9 in the table enti-
tled ‘Recommendations for the treatment of hypertension in
patients with symptomatic heart failure with reduced ejec-
tion fraction’, it reads the following: ‘ACE inhibitor (or ARB),
a beta-blocker or an MRA (or a combination) is recom-
mended to reduce blood pressure as first-, second- and
third-line therapy, respectively, because of their associated
benefits in HFrEF’, with CoR I and LoE A. Multiple interven-
tions are listed, but a unique CoR and LoE is assigned.

Statistical analysis

We reported frequencies and percentages of therapeutic CoR
I for each guideline document, as well as the proportion of
CoR I classified as LoEs A, B, and C. Absolute number of rec-
ommendations and CoR I changed over time and by topic;
thus, these absolute numbers were also reported in detail.

Results

Guidelines from the following topics having at least three
subsequent full documents published over time were in-
cluded: HF (2012,8 2016,9 20214), non-ST elevation myocar-
dial infarction (NSTEMI; 2011,10 2015,11 202012), pulmonary
embolism (PE; 2008,13 2014,14 201915), valvular heart dis-
ease (VHD; 2012,16 2017,17 202218), atrial fibrillation (AF;
2010,19 2016,20 202021), and CV prevention (CVP; 2012,22

2016,23 202124).
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Overall, 1822 therapeutic recommendations from 18
guideline documents published between 2008 and 2022 were
included in the analysis. The median number of recommen-
dations per document was 112 (min 26 PE in 2008, max
193 AF in 2010), and 867 were CoR I (48%), 549 CoR IIa
(30%), 266 CoR IIb (14%), and 140 CoR III (8%).

There was a trend towards a reduction in the percentage
of CoR I in guideline documents analysed for HF, NSTEMI,
and PE, although the total number of recommendations in
each document decreased over time for HF but increased
over time for NSTEMI and PE (Figure 1), making the decrease
with time in CoR I observed in HF guidelines a matter of even
greater interest. The percentage of CoR I was stable over time
for VHD and CVP, and steadily around 40% for VHD and 60%
for CVP; both topics showed an increase in the total number
of recommendations in each document over time (Figure 1).
Percentage of CoR I was around 40% in AF guideline docu-
ments, although with a drop in the 2016 document (Figure 1).
Earlier AF and HF guidelines started off with the highest total
number of recommendations (i.e. >100) among all guideline
documents published in the years 2008–2012, whereas con-
temporary HF guidelines included <100 recommendations.

Among class I recommendations from all 18 documents,
319 (37%) were supported by LoE A, 280 (32%) by LoE B,
and 268 (31%) by LoE C. When comparing different topics,
average percentage of class I recommendations with LoE A
was higher for CVP guidelines (59%), followed by HF (48%),
NSTEMI (39%), AF (32%), and PE (27%). The temporal trend

in the percentage of LoE A class I recommendations de-
creased over time in HF, increased in NSTEMI and AF, and
had a bimodal distribution in PE and CVP (Figure 2). There
was a lack of LoE A for VHD class I recommendations
(Figure 2).

Discussion

Temporal trend of evidence in European Society
of Cardiology guideline documents

In this analysis of the trend of evidence supporting ESC guide-
line documents, we found a reduction over time in the
percentage of class I recommendations in HF, NSTEMI, and
PE guidelines, although HF guidelines were the only ones also
showing with time a reduction in both total number of rec-
ommendations and class I recommendations supported by
the highest LoE A. Guideline documents for NSTEMI and AF
showed an opposite trend, and those for CVP showed the
highest average percentage of LoE A class I recommendations
among all. This may be due in part to major therapeutic
advancements made in areas other than HF, including new
antiplatelet agents in NSTEMI (discussed by Szummer et al.25),
widening indications for oral anticoagulants and transcathe-
ter ablation in AF (summarized by Kirchhof et al.), and a more
extensive use of CV medications in primary and secondary

Figure 1 Prevalence of class I recommendations over time. AF, atrial fibrillation; CVP, cardiovascular prevention; HF, heart failure; n, number of class I
recommendations over total recommendations in each guideline document; NSTEMI, non-ST elevation myocardial infarction; PE, pulmonary embo-
lism; VHD, valvular heart disease.
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CVP (discussed by Sharma et al. in relation to glucose-lowering
therapies,26 by Preiss et al. in relation to lipid-lowering
therapies,27 and Pfeffer and McMurray in relation to hyper-
tension therapies28). The vast successes achieved in the treat-
ment of HF with reduced ejection fraction (HFrEF) from the
early 1990s until the late 2010s (nicely summarized by
Tomasoni et al.29) likely explain the blooming of recommenda-
tions in earlier HF guidelines, with a subsequent drop in 2021.
Latest HF guidelines increasingly focused on left ventricular
ejection fraction categories, and the advent of HF with pre-
served ejection fraction (HFpEF) introduced a high degree of
uncertainty in HF guidelines, primarily due to neutral results
of RCTs testing HFrEF medications in HFpEF. This started with
the publication of the CHARM-Preserved in the early
2000s,30 followed by the I-PRESERVE31 and TOPCAT,32 until
the most recent PARAGON-HF,33 and likely contributed to
the reduction of class I LoE A recommendations observed over
time. Notably, successful experiences with sodium-glucose
cotransporter 2 inhibitors in HFpEF34,35 were not incorporated
in the latest HF 2021 ESC guideline document. In addition,
some recent ‘negative trials’ in HF other than HFpEF may have
played a role. For example, comparing 2016 vs. 2021 HF guide-
line documents, recommendation for primary prevention im-
plantable cardioverter defibrillator (ICD) in non-ischaemic
HFrEF went from class I to class IIa following the DANISH
trial,36 as well as cardiac resynchronization therapy in HFrEF
with a left-bundle branch block duration of 130–149 ms fol-
lowing an individual patient meta-analysis of five randomized
trials,37 and myocardial revascularization in ischaemic HFrEF

with angina and optimized medical therapy following the
STICH trial.38

The past and the future of clinical trials in
cardiovascular diseases and heart failure

HF remains an area of intense clinical research among CV dis-
eases, and LoEs are expected to be the highest in areas that
have been the most frequent focus of RCTs. A recent report
investigating clinical trials with therapeutic interventions
(both drugs and devices) for CV diseases recorded in the
Clinicaltrials.gov database between January 2013 and Decem-
ber 2018 found that the most studied primary fields were ar-
terial hypertension (23%), coronary artery disease (20%), and
HF (10%), followed by cardiac arrhythmias (9%), stroke (7%),
vascular diseases (5%), and dyslipidaemia (5%).39 Interest-
ingly, in our analysis, latest CVP guidelines were those that
had the highest percentage of class I LoE A recommendations
among the most recent ones, and NSTEMI and AF guidelines
showed a steadily increasing trend in LoE A over time
(Figure 2). On the contrary, our data suggest that clinical re-
search in HF therapeutics has not resulted into a similar pro-
portionate increase in the LoE supporting HF guidelines but
rather into a decline. Notably, three quarters of CV studies
recorded in the Clinicaltrials.gov database analysis were ran-
domized ones, and randomization was independently associ-
ated with greater likelihood of results publication.39

Figure 2 Distribution of level of evidence among class I recommendations over time. AF, atrial fibrillation; CVP, cardiovascular prevention; HF, heart
failure; n, number of level of evidence A recommendations over class I recommendations in each guideline document; NSTEMI, non-ST elevation myo-
cardial infarction; PE, pulmonary embolism; VHD, valvular heart disease. The total number of class I recommendations for each guideline document is
listed in Figure 1.
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Both ESC and American College of Cardiology/American
Heart Association (ACC/AHA) guidelines assign an LoE A when
supporting data are derived from multiple RCTs or meta-
analyses, but the revised ACC/AHA methodology also allows
for LoE A status in the presence of ‘one or more RCTs
corroborated by high-quality registry studies’.40 Although
observational studies lack randomization of interventions,
high-quality registries have the potential to confirm results
from RCTs and to extend them to individuals with more
complex comorbid conditions.41 A new advancement in
generating evidence-based knowledge is offered by
registry-based randomized controlled trials (RRCTs), which
use registries as a platform for case records, data collection,
randomization, and follow-up. Participants of RRCTs are en-
rolled in real-world clinical practice and randomly assigned
into an experimental group or a control group to test the
effectiveness of a specific intervention. The impact of treat-
ment is usually assessed on a range of outcomes over a
prolonged follow-up period, linking data from high-quality
registries to electronic health records (EHRs).42 The availabil-
ity of an operative EHR system is key to performing RRCT, and
this still represents a primary limitation in several countries.43

There have been several RRCTs in areas other than HF, in
which the first RRCT entitled ‘Spironolactone Initiation Regis-
try Randomized Interventional Trial in Heart Failure with Pre-
served Ejection Fraction (SPIRRIT-HFpEF)’ should soon be
completed in Sweden. This study will evaluate the impact of
spironolactone, a drug generically approved for HF, in
real-world HFpEF patients, with the goal of validating the
conflicting results of the original RCT TOPCAT.32 Pragmatic
clinical trials (PCTs) with broader eligibility criteria, shorter
duration, and remote-only follow-up have also been pro-
posed, with the goal of overcoming traditional RCT challenges
and producing more generalizable results. An example is rep-
resented by the ‘ToRsemide compArisoN With furoSemide
FOR Management of Heart Failure’ (TRANSFORM-HF) trial,44

designed with the aims of comparing the effects of torsemide
vs. furosemide among patients with HF in the United States.
Insufficient evidence exists to conclude that torsemide should
be routinely recommended over furosemide,45 although the
current dominant use of furosemide is related more to its
long-time clinical experience rather than its evidence. In this
ongoing PCT, patients are enrolled and randomized at any
time during an HF hospitalization; dosing and frequency
changes to the randomized therapy after hospital discharge
are at the discretion of the patient’s usual outpatient clini-
cians; no study-specific, in-person follow-up visits are planned
but periodical phone interviews from a centralized call centre
for data collection. Many experts believe that this ‘rough’
methodology intentionally chosen to ‘represent the real
world’ may lead to findings that could simply represent the
play of chance rather than true associations, and an intense
debate over ‘minimum standards’ of future clinical trials gen-
erating real-world evidence is ongoing.43,46

Comparing trends in European and American
guideline documents

Although the ESC and ACC/AHA guidelines use similar evi-
dence to generate recommendations, a recent analysis found
that a greater proportion of recommendations in the ESC
guidelines were classified as LoE A. In particular, Fanaroff
and colleagues investigated LoEs supporting 26 ACC/AHA
and 25 ESC guidelines published between 2008 and 2018
and found that <10% of recommendations from ACC/AHA
guidelines and <15% of recommendations from ESC guide-
lines (both diagnostic and therapeutic ones) were supported
by evidence from multiple high-quality RCTs and character-
ized as LoE A.5 Authors also compared these most recent
guideline documents with their immediate predecessors pub-
lished in the years 1999–2004, and they demonstrated that
the proportion of LoE A recommendations did not increase
in either ACC/AHA or ESC guidelines5 and that results were
remarkably similar to those published in 2009 by Tricoci
and colleagues.6 Among class I recommendations only, they
found that ~15% were supported by LoE A in ACC/AHA and
~22% in ESC documents, with higher percentages of LoE A
for general cardiology and coronary artery disease, average
ones for HF and myocardial disease, and lower ones for vas-
cular medicine, VHD, and electrophysiology.5 We found that
the prevalence of LoE A supporting class I therapeutic recom-
mendations of most recent ESC guidelines was on average
35%, with a peak of 61% for CVP 2021, followed by 48% for
NSTEMI 2020, 42% for HF 2021, 36% for AF 2020, 24% for
PE 2019, and 6% for VHD 2021, with a steady decline over
time for HF only (Figure 2). Thus, there seems to be an in-
crease compared with the period before 2009 in the LoE
supporting most contemporary ESC guidelines. No updated
analysis including most recent ACC/AHA guidelines has been
released, but differences are likely to persist.5 As for HF, a
head-to-head comparison of most recent ESC vs. ACC/AHA
guidelines found that several topics showed conflicting rec-
ommendations, even when reviewing the same published
evidence. This is the case for example of some therapeutic
recommendations, including sacubitril/valsartan in HFrEF (I
A in ACC/AHA vs. I B in ESC) or ICD implantation in non-isch-
aemic HF (I A in ACC/AHA vs. IIa A in ESC).47 Similar compar-
isons between ESC and ACC/AHA guidelines have recently
been made for other conditions such as hypertension,48 with
the intent of harmonizing future documents and catalysing
changes in practice that would lead to improved prevention,
awareness, treatment, and control of CV diseases.

Role of guideline documents beyond
evidence-based practice

Finally, ESC guidelines ‘aim to present all the relevant evi-
dence on a particular clinical issue in order to help physicians
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weigh the benefits and risks of a particular diagnostic or ther-
apeutic procedure’ and ‘provide the best possible advice to
practicing physicians, clarify contemporary areas of consen-
sus and disagreement, improve standards in clinical practice,
and help everyday clinical decision-making’. Publication of
guidelines has undoubtedly determined a standardization
and improvement of care over time, at the advantage of all
citizens worldwide. Although CV diseases remain the leading
cause of mortality in Europe, CV disease mortality is now de-
creasing in nearly all European countries including those of
Central and Eastern Europe, as recently reported in the
2019 ESC Atlas and subsequent updates.49 Implementation
of guidelines and consequent increasing of the standards of
CV disease care are certainly at the origin of this success, al-
though a direct causal role is difficult to establish. Nonethe-
less, our work demonstrates that the evidence on which
guideline documents are based is still largely lacking, and all
clinicians should be aware of this important limitation when
referencing to these documents, particularly when facing
prosecution/litigation. An in-depth discussion around the le-
gal role of guidelines goes beyond the scope of our work.
Guideline documents are being used in the malpractice arena
to define a credible standard of care to measure, in different
ways across countries, the accused physician for an alleged
problem addressed, despite a medical society’s disclaimer
that they are not intended, nor devised, for that purpose.50

In light of the significant gaps in evidence highlighted in our
present work and in previous ones,5,6 authors of guidelines
should increasingly consider the potential future courtroom
use of these documents as they attempt to use evolving
knowledge to enhance patient care.

Limitations

This analysis has several limitations. We elected to analyse
only therapeutic recommendations from tables included in
each guideline document to increase the reproducibility and
consistency of our findings. Thus, further recommendations
included in the text of each guideline documents may poten-
tially have been missed. Similarly, addition of number of
references and of specific RCTs, meta-analyses, and observa-
tional studies cited in each guideline document would have
increased the accuracy of our work. However, these citations
are scattered in the text, and references are cited differently
in tables and text within each guideline documents. We nei-
ther considered guideline updates nor consensus statements
and documents, for reasons that we discussed and in accor-
dance with similar previous works.5,6 LoEs were included in
guidelines starting in the early 2000s, and we established to
have at least three data points over time for attempting a
trend analysis; these are the reasons why earlier guideline

documents from other topics (including chronic coronary syn-
dromes and syncope) were not included in the analysis. Fi-
nally, performing a detailed analysis of the most recent
ACC/AHA guideline documents was outside the scope of
our present work.

Conclusions

LoEs supporting therapeutic recommendations in contempo-
rary ESC guidelines are generally low, particularly for topic
such as HF, for which a decreasing temporal trend was no-
ticed. Physicians should be aware of these limitations while
rigorously applying these recommendations in clinical prac-
tice, and future research should aim at improving evidences
supporting therapeutic interventions of doubtful efficacy.
The advent of new research methodologies, a greater harmo-
nization among documents promoted by different scientific
societies, and interaction between physicians and drug com-
panies will be key for building future fully evidence-based
recommendations and guidelines.
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