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Abstract
Background: Unstable angina (UA) is a component of acute 
coronary syndrome that is only occasionally included in pri-
mary composite endpoints in clinical cardiovascular trials. 
The aim of this paper is to elucidate the potential benefits 
and disadvantages of including UA in such contexts. Sum-
mary: UA comprises <10% of patients with acute coronary 
syndromes in contemporary settings. Based on the patho-
physiological similarities, it is ideal as a part of a composite 
endpoint along with myocardial infarction (MI). By adding 
UA as a component of a primary composite endpoint, the 
number of events and feasibility of the trial should increase, 
thus decreasing its size and cost. Furthermore, UA has both 
economic and quality of life implications on a societal and an 
individual level. However, there are important challenges as-
sociated with the use of UA as an endpoint. With the intro-

duction of high-sensitivity troponins, the number of individ-
uals diagnosed with UA has decreased to rather low levels, 
with a reciprocal increase in the number of MI. In addition, 
UA is particularly challenging to define given the subjective 
assessment of the index symptoms, rendering a high risk of 
bias. To minimize bias, strict criteria are warranted, and 
events should be adjudicated by a blinded endpoint adjudi-
cation committee. Key Messages: UA should only be chosen 
as a component of a primary composite endpoint in cardio-
vascular trials after thoroughly evaluating the pros and cons. 
If it is chosen to include UA, appropriate precautions should 
be taken to minimize possible bias.

© 2022 The Author(s).
Published by S. Karger AG, Basel

Introduction

Unstable angina (UA), non-ST-segment elevation 
myocardial infarction (NSTEMI), and ST-segment ele-
vation myocardial infarction (STEMI) comprise the 
three main presentations of acute coronary syndromes 

This article is licensed under the Creative Commons Attribution 4.0 
International License (CC BY) (http://www.karger.com/Services/
OpenAccessLicense). Usage, derivative works and distribution are 
permitted provided that proper credit is given to the author and the 
original publisher.
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(ACS) [1]. Traditionally, myocardial infarction (MI), 
alongside death from cardiovascular causes and stroke, 
have been the preferred components of endpoints in car-
diovascular clinical trials [2]. However, several large tri-
als have also included UA as a component of their pri-
mary composite endpoint. Nevertheless, there is some 
reluctance to its use. The purpose of this paper is to de-
scribe the potential challenges and opportunities associ-
ated with using UA as a component of a primary com-
posite endpoint.

Definition and Pathophysiology of UA

A diagnosis of UA is based on symptoms suggestive of 
myocardial ischemia and the absence of acute myocar-
dial injury or necrosis (i.e., no dynamic elevation of car-
diac troponin) [3–5]. UA should be suspected when the 
patient presents with resting angina for >20 min, new-
onset angina, or crescendo angina, defined as a change 
from previous episodes in severity, intensity, or duration, 

which may occur with minimal physical exertion [3]. The 
ECG may show ST-segment depression, transient (≤20 
min) ST-segment elevation, T-wave inversion, or may be 
normal.

The major international cardiovascular societies cat-
egorize UA and NSTEMI together using the term 
NSTE-ACS [3, 5]. ACS is mainly attributed to plaque 
rupture, resulting in thrombosis and complete or in-
complete occlusion of a coronary artery [6]. An addi-
tional cause of ACS includes plaque erosion. Newer 
studies suggest that plaque erosion actually comprises 
30–40% of ACS [7], a change in epidemiology largely 
believed to be a result of better risk factor control [8]. 
Generally, plaque erosion is associated with NSTE-ACS 
[7]. The close pathophysiological link between UA and 
MI serves as one argument for using UA as a clinical 
endpoint in line with MI. A summary of the pros and 
cons is presented in Figure 1. Practical guidance when 
considering UA as an endpoint is presented in Table 1 
and further discussed below.

Pros Cons

With the introduction of high-sensitivity 
troponins and use of strict criteria, the number 
of patients diagnosed with unstable angina has 
decreased, leading to low event rates in clinical 

trials

To account for discordance hospitalization for 
unstable angina should be adjudicated with 

strict criteria by a blinded endpoint 
adjudication committee, increasing costs and 

logistic challenges

A diagnosis of unstable angina comes with 
high risk of ascertainment and reporting bias 

and limited information on symptom 
description are often available

Unstable angina shares pathophysiological 
similarities with myocardial infarction and 
belongs in the spectrum of acute coronary 

syndromes

The addition of unstable angina to a primary 
composite endpoint increases overall event rate 
and enhances statistical efficiency, leading to 

increased feasibility of the trial

Unstable angina affects quality of life and has 
economic implications 

Fig. 1. Pros and cons of using UA as an endpoint in cardiovascular clinical trials.
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Epidemiology of UA

During the last decades, better risk factor control, 
evolving MI definitions with widespread use of high-sen-
sitivity troponins, and reperfusion strategies have changed 
the epidemiology and prognosis of patients diagnosed 
with UA. The 2002 Euro Heart Survey of ACS based on 
data from 25 countries reported that UA comprised 42% 
of patients with an ACS [9]. Conversely, in the era of 
high-sensitivity troponins, a Danish cohort study found 
that less than 10% of patients with ACS were diagnosed 
with UA [10]. Similar results have been reported in other 
contemporary studies [11, 12]. Interestingly, patients di-
agnosed with UA generally appear to be younger than 
those with NSTEMI but present with a higher prevalence 
of most cardiovascular risk factors and more advanced 
coronary artery disease (CAD) [11, 13, 14].

Patients with UA also appear to derive less benefit 
from intensified antiplatelet therapy and an invasive 
strategy within 72 h, although invasive coronary angiog-
raphy is still recommended in patients with a high likeli-
hood of UA [3]. A contemporary Swedish registry-based 
study found that ∼88% of patients diagnosed with UA 

underwent invasive coronary angiography and ∼75% un-
derwent revascularization [13]. In contrast, a contempo-
rary German study found that coronary angiography was 
performed in ∼72%, but only ∼29% underwent revascu-
larization [12]. The discrepant findings may reflect differ-
ences in the definition of UA as well as differing practices 
related to referral to invasive assessment, which may 
again complicate the use of UA as a component of a pri-
mary composite endpoint.

Prognosis of Patients with UA

Generally, the risks of subsequent death and cardio-
vascular events are lower in the UA setting compared 
with NSTEMI [3, 13]. For example, one report based on 
two independent prospective multicenter studies (n = 
8,992) found that the rate of incident nonfatal MI was 
similar in patients with UA and NSTEMI, but all-cause 
mortality was considerably lower in those with UA [11]. 
Another study comparing outcomes of percutaneous cor-
onary intervention-treated patients with UA, stable an-
gina, and NSTEMI (n = 7,187, 38% with a diagnosis of 
UA) also reported substantially better outcomes in pa-
tients with UA compared with NSTEMI [14]. Neverthe-
less, after adjustment for baseline differences, event risks 
were found to be comparable. According to a registry-
based study including 3,204 patients with UA, 6.3% of the 
patients died within the first year after the diagnosis [13].

UA in the Era of High-Sensitivity Troponin Assays

High-sensitivity cardiac troponin assays have im-
proved sensitivity and precision, enabling more rapid and 
accurate diagnosis in patients with suspected MI [15, 16]. 
The assays have superior precision at the 99th percentile 
and enable these to be more accurately defined. Accord-
ingly, the introduction of high-sensitivity cardiac tropo-
nins has altered the epidemiology of UA and MI [17]. 
Considering unselected patients presenting with suspect-
ed NSTE-ACS, the use of such assays has enabled the 
identification of smaller MI including type 2 MI and the 
incidence of MI has increased (4% absolute and 20% rel-
ative increase) with a reciprocal decrease in UA [18]. It is 
notable however, that the general incidence of MI is de-
clining [19]. With this decrease in the incidence of UA, it 
has been argued that UA no longer belongs within the 
clinical spectrum of ACS but could be viewed as a sub-
group of severe stable CAD, serving as an argument for 

Table 1. Practical guidance when considering UA as an endpoint in 
randomized trials

Points to evaluate before choosing UA as a part of a composite 
endpoint:

Is the use of UA as an endpoint necessary to ensure feasibility 
of the trial?
Is UA clinically relevant for the treatment investigated?
Has the incidence of UA been considered?
Should weighted outcomes be considered?
Is it possible to use an alternative endpoint with less bias?
Have the pros and cons of using UA as an endpoint been 
carefully considered?

If UA is chosen as a part of a composite endpoint, we recommend 
the following:

Use of strict and objective criteria to minimize possible bias. 
These criteria should be easy to use and evaluate. The 
possibility to aggregate and compare data from multiple trials 
should be present. We recommend the use of the definition 
proposed in 2017 by the Standardized Data Collection for 
Cardiovascular Trials Initiative established by FDA.
Use of a clinical endpoint adjudication committee to 
streamline the process of evaluating events.
The use of UA as a pragmatic registry-based endpoint in 
clinical trials should be done very cautiously and after proper 
validation. One possible way to increase specificity could be to 
define UA based on urgent hospitalization and unplanned 
revascularization.
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omitting UA as a component of a primary composite 
endpoint [11, 20, 21]. Conversely, a contemporary study 
found that the risk of death in UA patients was higher 
than in stable angina (10.5% of UA patients died within 
the first 3 years vs. 7.5% in patients with stable angina) 
[14].

Serial troponin testing with exclusion of a significant 
rise or fall in its concentration is key as some patients with 
UA may present with chronically elevated high-sensitiv-
ity cardiac troponin levels, e.g., patients with known 
chronic kidney disease, chronic coronary syndrome, or 
heart failure. Still, it can be difficult to distinguish UA 
from NSTEMI, e.g., in very late presenters of MI, where 
the troponin release curve has flattened. As opposed to 
the aforementioned position on grouping UA as a sub-
group of stable CAD, other studies have stated that UA 
and NSTEMI should be grouped together and patients 
should be managed depending on their cardiovascular 
risk factors instead of the diagnosis [12, 13]. This position 
supports the use of UA as an endpoint in clinical cardio-
vascular trials.

Composite Endpoints in Cardiovascular Clinical 
Trials

The ideal endpoint of a clinical trial is based on sev-
eral considerations. It should be well-defined, easy to 
evaluate, clinically relevant to the intervention and the 
patient, and have a low risk of ascertainment and report-
ing bias. In addition, it should occur at a suitable frequen-
cy within a limited time frame for a trial to be feasible. 
All-cause mortality has fulfilled all these criteria. How-
ever, a declining mortality rate in the general population, 
including a declining proportion of mortality caused by 
cardiovascular disease, makes all-cause mortality less 
sensitive to interventions that primarily exert their ben-
eficial effects through cardiovascular outcomes [22, 23]. 
Improved population health and novel treatments have 
also reduced cardiovascular event rates. Consequently, a 
single-component primary endpoint is likely to result in 
an unreasonably long follow-up period and/or large sam-
ple size. Therefore, composite endpoints are almost ex-
clusively used in contemporary trials. A composite end-
point increases the total number of events, statistical 
power, and precision. Such endpoints are particularly 
valuable if the intervention has a similar beneficial effect 
on outcomes of equal importance, and if they share a 
common pathophysiological mechanism such as MI and 
UA. Nevertheless, individual tailoring of composite end-

points may lead to differing results and conclusions and 
potentially hamper proper comparisons of trials.

The differences in the event rate of each component of 
a composite endpoint must be as small as possible since 
the overall effect of an intervention will largely be deter-
mined by the dominant event [24, 25]. Several nonfatal 
endpoints like MI, UA, and coronary revascularization 
have a higher incidence (and thus by default occur earlier) 
than more fatal endpoints as death or resuscitated cardiac 
arrest. Both the incidence and severity of the components 
of the combined endpoints need consideration. Methods 
have been proposed to weight the components of a com-
posite endpoint to counter these issues [26, 27]. Attempts 
to quantify weights have been based on expert judgement 
(i.e., clinical-investigator Delphi panels), preference 
methods (decisions made by individuals when confront-
ed with different scenarios) and disability-adjusted life 
years (DALY) lost [28]. However, the process of assigning 
weights is not standardized in randomized clinical trials, 
can be time consuming, and may be costly.

A commonly used composite endpoint in cardiovas-
cular trials is major adverse cardiovascular events 
(MACE). Although it has not been defined strictly, it usu-
ally comprises a composite of death from cardiovascular 
causes, MI, and stroke [29]. Indeed, in 2008, the US Food 
and Drug Administration (FDA) decided to recommend 
assessment of the cardiovascular safety profile of antidia-
betic agents using this three-point MACE but stated that 
hospitalization for ACS (UA), urgent revascularization, 
and possibly other endpoints could be added [30]. An ex-
ample of a trial adding UA and urgent revascularization 
to the traditional 3-point MACE for its primary compos-
ite endpoint was the Thrombin Receptor Antagonist for 
Clinical Event Reduction in Acute Coronary Syndrome 
(TRACER) trial [31]. The key secondary endpoint of the 
trial was the traditional 3-point MACE, consisting of a 
composite of death from cardiovascular causes, MI, or 
stroke. Curiously, it was found that the occurrence of the 
primary endpoint did not reach significance, whereas the 
secondary did.

The Health Care Burden of UA

As seen in Figure 1, one argument for expanding a 
composite endpoint with UA would be to gain a broader 
perspective of the symptom burden and the consequenc-
es for the individual and society. The economic burden of 
UA is almost as high as that of MI during the first year 
after diagnosis [32]. Additionally, a study found high hos-
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pitalization rates for both UA (∼89%) and NSTEMI 
(∼99%) [12]. On the patient level, UA negatively affects 
quality of life [33, 34].

UA in Clinical Trials

An important caveat of using UA as an endpoint in 
cardiovascular trials is the extent of ascertainment and 
reporting bias, particularly with respect to symptom de-
scription. The clinical distinction between UA, NSTEMI, 
and noncardiac chest pain can be challenging, even when 

applying current guideline recommendations. Limited 
information on symptom description and duration of is-
chemic symptoms may lead to refuted events due to a lack 
of event-specific data [13]. Compared with MI, clinical 
subjectivity plays a greater role in its ascertainment, and 
interpretations may differ markedly between clinicians. A 
registry-based study found that the proportions of UA 
among those with NSTE-ACS ranged from 4% to 22% in 
the 49 different participating hospitals, suggesting varia-
tions in the local perception of UA [13]. Therefore, it is 
essential that cardiovascular trials have a clear, operation-
al definition of UA with strict and objective criteria.

Table 2. Criteria for adjudication of UA hospitalization defined by the Standardized Data Collection for Cardiovascular 
Trials Initiative and the US Food and Drug Administration [30]

Criteria for adjudication of hospitalization for UA

UA requiring hospitalization is defined as
1.   Ischemic discomfort (angina, or symptoms thought to be equivalent) ≥10 min in duration occurring at rest 
or in an accelerating pattern with frequent episodes associated with progressively decreased exercise 
capacity.

AND
2.   Prompting an unscheduled hospitalization within 24 hours of the most recent symptoms. Hospitalization 
is defined as an admission to an inpatient unit or a visit to an emergency department that results in at least a 
24-hours stay (or a change in calendar date if the hospital admission or discharge times are not available).

AND
3.   At least one of the following:

a. New or worsening ST- or T-wave changes on resting ECG (in the absence of confounders, such as LBBB 
or LVH)

Transient ST-elevation (duration <20 minutes)
New ST-elevation at the J-point in two contiguous leads with the cut-points: 
≥0.1 mV in all leads other than leads V2–V3 where the following cut-points apply: 
≥0.2 mV in men ≥40 years (≥0.25 mV in men <40 years) or ≥0.15 mV in women.
ST-depression and T-wave changes
New horizontal or down-sloping ST depression ≥0.05 mV in two contiguous leads and/or new T-wave 
inversion ≥0.3 mV in two contiguous leads with prominent R-wave or R/S-ratio >1.

b.   Definite evidence of inducible myocardial ischemia as demonstrated by:
An early positive exercise stress test, defined as ST-elevation or ≥2 mm ST-depression prior to 5 METs 
OR
Stress echocardiography (reversible wall motion abnormality) OR
Myocardial scintigraphy (reversible perfusion defect), OR
MRI (myocardial perfusion deficit under pharmacologic stress).
and believed to be responsible for the myocardial ischemic symptoms/signs.

c. Angiographic evidence of new or worse ≥70% lesion (≥50% for left main lesion) and/or thrombus in an 
epicardial coronary artery that is believed to be responsible for the myocardial ischemic symptoms/signs.
d. Need for coronary revascularization procedure (PCI or CABG) for the presumed culprit lesion(s), as 
defined in 3c. This criterion would be fulfilled if revascularization was undertaken during the unscheduled 
hospitalization, or subsequent to transfer to another institution without interceding home discharge.

AND
4. Negative cardiac biomarkers and no evidence of acute MI

CABG, coronary artery bypass grafting; LBBB, left bundle branch block; LVH, left ventricular hypertrophy; METs, 
metabolic equivalents; MI, myocardial infarction; MRI, magnetic resonance imaging; PCI, percutaneous coronary 
intervention.
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In 2017, the Standardized Data Collection for Cardio-
vascular Trials Initiative established by the FDA pro-
posed definitions for cardiovascular endpoints including 
hospitalization for UA to simplify the design and conduct 
of clinical trials and to enhance the ability to aggregate 
and compare data from multiple trials [35]. The full cri-
teria for hospitalization for UA are presented in Table 2. 
In brief, the criteria consist of 4 elements: (1) ischemic 
symptoms with a duration >10 min at rest or in an accel-
erating pattern; (2) prompting an unscheduled hospital-
ization within 24 hours of the most recent symptoms; (3) 
absence of cardiac biomarker elevation; and (4) one of the 
following: ECG changes, evidence of inducible myocar-
dial ischemia, angiographic evidence of CAD believed to 
be responsible for the ischemic symptoms or signs, or 
need for a coronary revascularization procedure.

An example of a trial using these criteria is the Reduc-
tion of Cardiovascular Events with Icosapent Ethyl-Inter-
vention Trial (REDUCE-IT), which randomized statin-
treated patients with elevated triglycerides to icosapent 
ethyl or placebo [36]. The composite endpoint was car-
diovascular death, MI, stroke, coronary revasculariza-
tion, or UA. When comparing the concordance between 
investigator-reported and adjudicated primary end-
points, it was ∼100% for death and coronary revascular-
ization, 80–90% for MI and stroke, but only 53% for UA 
[37]. Investigator-reported events exceeded adjudicated 
rates of UA (283 vs. 108), often at the expense of under-
reporting MI. Other studies have reached the same con-
clusions. One study compared local interpretation and 
blinded evaluation of the admission ECG in patients with 
UA and non-Q-wave MI and found considerable differ-
ences [38]. Another study evaluated reported and adjudi-
cated events in the Stabilization of Atherosclerotic Plaque 
by Initiation of Darapladib Therapy (STABILITY) trial 
[39]. It was found that 25.4% of the 1,407 reported UA 
events were classified as such by the adjudication com-
mittee, primarily due to crossover between MI and UA. 
Indeed, the risk of misinterpretation and heterogeneity 
with UA is particularly high in large, multinational ran-
domized controlled trials in which endpoints are inter-
preted by several local investigators from different hospi-
tals. The large degree of subjectivity associated with this 
diagnosis may lead to variation in adjudication. One way 
of maximizing concordance for a complex endpoint like 
UA would be to exclusively use a blinded endpoint adju-
dication committee. However, the use of a clinical end-
point adjudication committee increases the costs and lo-
gistic challenges of clinical trials. Recent evidence has 
challenged the unquestioned role of an endpoint adjudi-Tr
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cation committee with the use of other components of a 
primary endpoint than UA [40–42]. Consequently, the 
choice of UA as a primary endpoint might not be favor-
able, as the use of UA leads to an ubiquitous need for an 
adjudication committee.

Clinical Trials Using Hospitalization for UA as a 
Component of the Primary Endpoint: The ISCHEMIA 
Trial Example

Several large trials have used UA as a component of a 
primary composite endpoint. Notable examples are seen 
in Table 3. The International Study of Comparative Health 
Effectiveness with Medical and Invasive Approaches (IS-
CHEMIA) is an example of a trial expanding the primary 
endpoint by including UA in an attempt to increase fea-
sibility [43]. Interestingly, the original grant application 
had described a five-component primary endpoint con-
sisting of cardiovascular death, nonfatal MI, resuscitated 
cardiac arrest, or hospitalization for UA or heart failure. 
Subsequently, the steering committee was allowed to alter 
this endpoint to cardiovascular death or MI, but with a 
contingency plan to switch back to the original endpoint 
to retain power in case of a lower-than-expected event 
rate [51]. Indeed, it is not uncommon for clinical trials to 
have lower than anticipated event rates. The specific rea-
sons for the inclusion of hospitalization for UA were clin-
ical relevance, quality of life and economic implications, 
and potential benefits of revascularization. A strict defini-
tion of UA resembling the one proposed by the Standard-
ized Data Collection for Cardiovascular Trials Initiative 
was employed. However, despite the fact that high-sensi-
tivity troponins were not systematically used by all trial 
sites, relatively few UA events were reported (48 UA 
events vs. 326 events with nonprocedural MI). Several tri-
als using UA as a component of the primary endpoint 
have been faced with similar issues as presented in Ta-
ble 3.

Clinical Trials Using Urgent Revascularization as a 
Component of the Primary Endpoint: The FAME-2 
Example

An alternative approach might be to use revasculariza-
tion, as UA is closely linked to urgent revascularization. 
As an endpoint, revascularization is clinically feasible and 
pathophysiologically relevant. It is easy to evaluate, has a 
higher event rate than UA, and the use of an adjudication 

committee may not be as essential. Examples of clinical 
trials using revascularization as a component of a prima-
ry endpoint are presented in Table 4. The Fractional Flow 
Reserve-Guided PCI versus Medical Therapy in Stable 
Coronary Disease (FAME-2) trial included unplanned 
hospitalization leading to urgent revascularization as part 
of the primary composite endpoint consisting otherwise 
of death from any cause or nonfatal MI [57]. This adjudi-
cated endpoint was counted only if patients were hospi-
talized unexpectedly because of persisting or increasing 
complaints of chest pain (with or without ST-T changes) 
and underwent a revascularization procedure during the 
same hospitalization. This definition has substantial sim-
ilarities to the definition of UA as described previously, 
but may be more objective. The results of the trial at both 
7 months and 5 years were driven mainly by urgent revas-
cularization [58, 59]. The definition of urgent revascular-
ization as well as the fact that it resulted in the premature 
termination of FAME-2 has been questioned [60]. Fur-
thermore, unplanned and planned revascularization as 
endpoints in clinical trials may face challenges with re-
spect to subjectivity. Indeed, the decision on revascular-
ization as well as whether to classify it as planned or un-
planned are influenced by many factors such as local 
practice, available resources, and geographical location. 
Especially in nonblinded trials, there is concern for selec-
tion bias as investigators may be more willing to recom-
mend revascularization for patients in one of the treat-
ment groups rather than managing the symptoms nonin-
vasively.

UA as a Registry-Based Endpoint

Recently, there has been an increasing interest in ran-
domized controlled trials with registry-based follow-up 
as they are more feasible, cheaper, and allow for longer-
term follow-up [61]. The diagnosis of UA in registries is 
more likely to be independent of the trial and possible 
bias balanced in the intervention and control group. A 
systematic review of the validity of acute cardiovascular 
outcome diagnoses recorded in European electronic 
health records found that the positive predictive value 
(PPV) of UA varied considerably [62]. PPV as low as 20–
30% [63, 64] to as high as 88% have been reported [65]. 
Conversely, a higher PPV has consistently been reported 
for MI, at >90% [62]. Because of considerable between-
study heterogeneity, the use of UA as a registry-based 
endpoint in clinical trials should be done very cautiously 
and after proper validation. One possible way to increase 
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specificity could be to define UA based on hospitalization 
and urgent invasive coronary angiography or revascular-
ization.

Conclusions and Recommendations

This review summarizes the challenges and opportuni-
ties associated with using UA as a component of a prima-
ry composite endpoint in cardiovascular clinical trials. 
Arguments favoring the use of UA rely on its pathophysi-
ological similarities to MI, the ability to enhance statistical 
power, the impact on quality of life, and the health care 
burden. However, widespread use of high-sensitivity tro-
ponins has reduced the incidence of UA. UA may also be 
subject to ascertainment bias, reporting bias, and discor-
dance between clinicians. Therefore, we recommend that 
UA events should be adjudicated with strict criteria by a 
blinded endpoint adjudication committee, or alternative-
ly be defined in combination with revascularization, re-
sulting in a limited number of events. If UA is considered 
as an endpoint in clinical trials, we recommend evaluating 
our list of pros and cons in Figure 1 and the practical guid-
ance and recommendations in Table 1. The use of UA as 
a component of a primary composite endpoint should be 
done with caution and after thorough consideration.
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