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/ABSTRACT

Identifying patients with chest pain that is of cardiac origin is crucial owing to the
high mortality and morbidity of cardiovascular diseases. History, electrocardiogram,
and cardiac biomarkers are the core elements of the assessment. High sensitivity
cardiac troponins (hs-cTn) are the preferred biomarkers for diagnosing acute
myocardial infarction, allowing for more accurate detection and exclusion of
myocardial injury. However, elevations in hs-cTn can occur in patients who are not
experiencing acute myocardial infarction. Therefore, it is important for clinicians to
recognize how to integrate hs-cTn levels into their clinical decision making process.
Structured risk assessments, using evidence based diagnostic protocols, should

be employed to estimate the risk of acute coronary syndrome and adverse events
in patients with chest pain. Clinical decision pathways should be used routinely in
emergency departments. Patients at intermediate or high risk of obstructive coronary
artery disease might benefit from cardiac imaging and further testing. Patients
should be involved in decision making, with information provided about risks,
radiation exposure, costs, and alternative options to facilitate informed decision

making.

Introduction
Chest pain is the second most common presenting
symptom to the emergency department, accounting
for nearly 5% of visits." Chest pain encompasses
more than just discomfort in the chest; it includes
pain, pressure, tightness, or discomfort in areas like
the shoulders, arms, neck, back, upper abdomen,
or jaw, as well as symptoms like shortness of breath
and fatigue. Public awareness campaigns encourage
people to seek medical assessment if they have
chest pain or other symptoms of possible cardiac
origin, because early identification or exclusion of
life threatening causes is critical. The differential
diagnosis for chest pain is broad and includes acute
coronary syndrome (ACS), acute aortic syndromes,
pericarditis, myocarditis, pulmonary embolism,
pneumothorax, pneumonia, and peptic ulcer.
Coronary artery disease (CAD) is characterized
by the presence of atherosclerotic plaques within
the coronary arteries, which can lead to chronic
stable angina or remain asymptomatic. Over time,
these plaques can become unstable, leading to
plaque rupture or erosion, which is the primary
pathophysiological mechanism underlying ACS.?
CAD is a risk factor for ACS. CAD is defined in most
trials as a history of myocardial injury or infarction,
coronary revascularization, or 2=50% coronary
stenosis.>”
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ACS is frequently caused by the rupture, fissure,
or erosion of an atherosclerotic plaque resulting in
intraluminal coronary thrombosis and downstream
myocardial injury or infarction and represents a
small percentage of all patients who present with
chest pain.® Given the high incidence of chest pain
in the emergency department, the sizable risk
associated with ACS, and the high prevalence of CAD,
evaluating acute chest pain involves considerable
clinical uncertainty, resource utilization, testing, and
cost implications.

We provide an up to date review for clinicians
evaluating patients with acute chest pain in the
emergency department in whom ACS is the primary
diagnostic consideration. We incorporate recent
changes in algorithms secondary to the increased
use of high sensitive cardiac troponin (hs-cTn), risk
stratification tools that utilize hs-cTn, and discuss
updates in the clinical guidelines.

Sources and selection criteria

A medical librarian performed five independent
literature searches in the following databases:
Medline, Embase and ClinicalTrials.gov. Search
terms included “acute coronary syndrome” or
“chest pain.” Other terms: emergency and (troponin,
electrocardiography, electrocardiogram, ECG, EKG,
risk, decision, path, imaging, or CT). We included
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studies from 1 January 2000 to 23 July 2024. Only
articles in English were reviewed. After duplicates
were removed, we screened 277 titles and abstracts
for decision making, 1097 for ECG, 547 for imaging,
2746 for risk stratification, and 1174 for troponin.
We evaluated studies based on the quality of study
design, prioritizing randomized controlled trials over
observational studies, relevance to the topic, and
more recent publication dates. Although this was a
comprehensive literature search, we did not design
this manuscript as a systematic review. If existing
systematic reviews were available and appropriate,
these were utilized.

Epidemiology

Chest pain is a common presenting symptom in both
emergency and outpatient settings, leading to 6.5-7.8
million emergency department visits annually in the
United States (US).' 7 Of all patients who present with
chest pain, only 5.1% will have ACS, and more than
half will have a non-cardiac cause.! Although the
etiology of chest pain is often non-cardiac, CAD affects
more than 20 million adults in the US and remains
the leading cause of death (more than 606000
deaths annually).® Furthermore, recurrent emergency
department visits for chest pain are common, with
up to 40% of patients returning to the emergency
department for chest pain within one year.’

The cost burden of acute chest pain is substantial,
with  estimated healthcare costs ranging
from $13000-$15000 million for emergency
department visits alone, and additional substantial
costs associated with inpatient care and ACS
management.'® ™ Every 40 seconds, one person will
have a myocardial infarction, including 720000
with a new coronary event and 335000 with a
recurrent event. The mean age at first myocardial
infarction is 65.6 years for men and 72.0 years for
women. Approximately 70% of these cases are non-
ST-elevation myocardial infarction (NSTEMI) and
unstable angina. These patients typically present
with more comorbid conditions compared with those
with ST-segment elevation myocardial infarction
(STEMI). There is a higher prevalence of CAD in
men compared with women.'? Sex differences in
pathophysiology are notable, with women more
likely to have non-obstructive CAD. Women are
also less likely to receive coronary angiography,
percutaneous coronary intervention, and guideline-
directed medical therapy after acute myocardial
infarction compared with men.'*?

A systematic review of 181 studies conducted
primarily in high income countries found that lower
socioeconomic status (education, income, insurance,
occupation, or a composite) was associated with a
higher incidence of ACS (incidence rate ratio, 1.1-
4.7), a higher prevalence of ACS (odds ratio, 1.8-3.9),
a higher odds of receiving suboptimal medical care
(odds ratio, 1.1-10.0), and higher mortality (hazard
ratio, 1.10-4.13)."* An analysis conducted in the
CARDIA study (Coronary Artery Risk Development in
Young Adults; n=5112) with a median follow-up of
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>33 years identified that premature cardiovascular
disease risk in black participants was attenuated
after adjustment for lifestyle, neighborhood, and
socioeconomic factors. For example, the 2.4-fold
increased cardiovascular disease risk in black
women relative to white women was no longer after
adjusting for clinical, lifestyle, socioeconomic, and
neighborhood factors. After adjusting for social
determinants of health and cardiovascular risk
factors, black men and women have similar risk for
fatal CAD (1.00, 95% confidence interval 0.54 to
1.85) and lower risk for non-fatal CAD (0.70, 0.46 to
1.06) compared with white men and women.'?*

Trends in non-invasive testing

Regarding the approach and evaluation of chest pain,
recent trends of doing less invasive testing have been
supported by studies like the secondary analysis
of the Rule Out Myocardial Ischemia/Infarction by
Computer Assisted Tomography (ROMICAT-II) trial
from nine emergency departments in the US. Patients
who underwent clinical evaluation alone had a
shorter length of stay (20.3 v 27.9 hours; P<0.001),
lower rates of angiography (2% v 11%; P<0.001),
lower median costs ($2261 v $2584; P<0.01), and
less radiation exposure (0 v 9.9 mSv; P<0.001)
compared with those who underwent cardiac testing.
Patients without cardiac testing also had lower rates
of adverse cardiac events (0% v 9%; P<0.001), lower
rates of coronary angiography and percutaneous
coronary intervention (0% v 10%; P<0.001, and 0%
v 4%; P=0.02, respectively) during the index visit.
There was no difference in rates of percutaneous
coronary intervention (2% v 5%; P=0.15), coronary
artery bypass surgery (0% v 1%; P=0.61), return
emergency department visits (5.8% v 2.8%; P=0.08),
or main adverse cardiac events (2% v 1%; P=0.24)
at 28 days. Patients with negative biomarkers who
underwent imaging or functional stress testing had
longer length of stay, more downstream testing,
increased radiation exposure, and greater cost
without an improvement in clinical outcomes.'®
Similarly, in a claims analysis of 536197 patients
with acute chest pain and without initial findings
of ischemia, cardiovascular testing was associated
with an increase in coronary angiography (36.5
per 1000 patients tested) and revascularization
(22.8 per 1000 patients tested) at one year, but no
change in myocardial infarction admissions (7.8
per 1000 patients tested).” Another claims based
study of 2047799 emergency department patients
with chest pain who had a computed tomography
coronary angiogram performed was associated with
higher rates of percutaneous coronary intervention,
coronary artery bypass surgery, repeat non-invasive
testing, hospitalization, and return visits to the
emergency department.'®

Clinical assessment and risk stratification

Initial evaluation

Obtain a detailed history and focused physical
examination. This should include the history of
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Fig 1 | Differential diagnosis of chest pain
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the present illness, including pain characteristics,
duration, risk factors, and associated symptoms.
Chest pain should not be described as atypical,
because this descriptor is not helpful in determining
the cause and implies a benign etiology. Figure 1
shows the differential diagnosis.

A focused physical examination is also important.
Assess the patient’s vital signs, perform a heart and
lung examination, and note any signs of distress
such as tachypnea, diaphoresis, or mottled skin.
Likelihood ratios are used to assess the value of a
diagnostic test and to help determine how a test
result (positive or present and negative or absent)
will change the probability of having a disease.
Prior abnormal stress test, peripheral artery disease,
CAD, pain radiating to both arms, and pain like
prior episodes of ischemia are associated with ACS
(table 1),

Immediate evaluation

Electrocardiogram

The first step in the evaluation of patients with
symptoms concerning for ACS is a 12 lead
electrocardiogram. Guidelines recommend that
the first electrocardiogram be obtained within
10 minutes of presentation." Promptly assess the
electrocardiogram for findings diagnostic of ST-
segment elevation myocardial infarction (STEMI)
(fig 2), non-ST-segment elevation ACS (NSTE-ACS),
hyperacute T waves, pericarditis, or a cardiac
dysrhythmia.”® If the initial electrocardiogram
is non-diagnostic but the patient continues to
experience symptoms suggestive of ACS, repeat the
electrocardiogram because ACS is a dynamic process.
Also, assess the electrocardiogram for findings of
alternate etiologies (see supplementary table).
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The presence of ST-segment elevation, a new
left bundle branch block, or dynamic ST-segment
changes (fig 3) is suggestive of acute myocardial
infarction (AMI). In a systematic review assessing
the diagnostic accuracy of STEMI criteria, the criteria
were 43.6% sensitive and 96.5% specific for occlusion
myocardial infarction.’® ST-segment elevation can
also occur with diagnoses other than STEMI, such
as pericarditis, early repolarization, hyperkalemia,
hypercalcemia, Takotsubo cardiomyopathy, and left
ventricular aneurysm.*’

Overall, less than half of patients with suspected
ACS and left bundle branch block are ultimately
diagnosed with AML?® To increase the diagnostic
accuracy for occlusion myocardial infarction in
the setting of a left bundle branch block or a paced
rhythm, additional electrocardiogram criteria have
been developed (table 2).%° The modified Sgarbossa
criteria are the most accurate.>!

High sensitivity cardiac troponins (hs-cTn)
Testing for cardiac troponin (cTn) is a cornerstone
of the diagnostic approach.’ Troponin is a protein
contained within the myofibrillar apparatus that
is found in both skeletal and cardiac muscle.
It is possible to test for the cardiac isoforms of
both troponin I (cTnl) and troponin T (cTnT) with
high analytical specificity. Early cTn assays were
developed in the 1980s, but sensitivity and precision
have improved.’> Widespread adoption of hs-cTn
testing has enabled the development of rapid rule out
pathways that can identify patients with a very low
probability of AMI within a few hours of emergency
department arrival.

The principal difference between this generation
of hs-cTn and previous cTn assays is that, although

3
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Table 1 | Probability of history and physical exam findings in acute coronary syndrome

Favors acute coronary syndrome
Positive LR" (95% Cl)

Risk factors

Favors no acute coronary syndrome
Negative LR (95% ClI)

Abnormal prior stress test

3.1 (2.0t0 4.7)

Peripheral artery disease

2.7 (1.5 t0 4.8)

Coronary artery disease

2.0 (1.4 t0 2.6)

0.75 (0.56 t0 0.93)

Prior myocardial infarction

1.6 (1.4 10 1.7)

Diabetes 1.4 (1.3t01.6)
Cerebrovascular disease 1.4 (1.1t0 1.8)
Male sex 1.3(1.2t01.3) 0.70 (0.64 10 0.77)

Hyperlipidemia

1.3 (1.1t0 1.5)

0.85 (0.77 t0 0.93)

Hypertension

1.2(1.1t01.3)

0.78 (0.72 t0 0.85)

Tobacco use

1.1 (0.9t01.3)

Family history of coronary artery disease

1.0(0.9t0 1.2)

Chest pain characteristics

Radiation to both arms

2.6 (1.8103.7)

Pain similar to prior ischemia

2.2(2.0t02.6)

0.67 (0.60 t0 0.74)

Change in pattern over 24 h

2.0 (1.6 t0 2.5)

0.84 (0.79 t0 0.90)

Typical chest pain

1.9 (0.94 t0 2.9)

0.52 (0.35 t0 0.69)

Worse with exertion 1.5-1.8

0.66-0.83

Radiation to neck or jaw

1.5(1.3t01.8)

Recent episode of similar pain

1.3 (1.1t0 1.4)

0.80 (0.71 t0 0.90)

Radiation to left arm

1.3 (1.2t0 1.4)

Associated diaphoresis 1.3-1.4

Associated dyspnea

1.2(1.1t0 1.3)

Improvement with nitroglycerin

1.1 (0.93t0 1.3)

Radiation 1.0-5.7

0.78-0.98

Pleuritic pain

0.35-0.61

Physical exam

Hypotension (SBP <100 mmHg)

3.9 (0.98 to 15)

Lung rales

2.0 (1.0 to 4.0)

Tachypnea

1.9 (0.99 to 3.5)

Pain reproduced on palpation

0.28 (0.14 t0 0.54)

*Positive likelihood ratio »5 and negative likelihood ratio <0.2 are considered moderate evidence. Positive likelihood ratio »2 and negative likelihood ratio

<0.5 provide weaker evidence. LR=likelihood ratio; Cl=confidence interval

they use similar technological methods, the high
sensitivity assays can detect much lower blood
concentrations of troponin and can do so with
greater precision.’>>” Box 1 shows the technical
terminology used concerning troponin assays. Table
3 shows the wide confidence margins for assay 99th
percentiles. Clinicians often use the 99th percentile
in a dichotomous manner to categorize results
as positive or negative. Troponin is a continuous
variable and, thus, indiscriminate use of cut-off
points like the 99th percentile is not recommended.
The 99th percentiles determined by manufacturers
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Fig 2 | ST-segment elevation myocardial infarction includes new ST-segment elevation
at the ] point in two contiguous leads 21 mm in all leads other than V2-V3, where the
following cut-points apply: 22 mm in men 240 years; 22.5 mm in men <40 years, or 21.5

mm in women regardless of age
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for their assays have an assigned imprecision. This is
caused by several effects such as inconsistent criteria
for reference populations; technical problems with
assay manufacturing leading to variation between
production lots; variation due to sex, ethnicity, and
geography; and small sample sizes of the reference
populations used.

In a meta-analysis of 17 studies and 8644 patients,
baseline hs-cTn versus baseline cTn demonstrated
better sensitivity (0.884 v 0.749; P<0.001) and
negative predictive value (0.964 v 0.935; P<0.001),
but lower specificity (0.816 v 0.938; P<0.001) and
positive predictive value (0.558 v 0.759; P<0.001).*
The negative predictive value can be further improved
t0 99.1% to 100% with the use of serial troponins.**
In a study evaluating four strategies by using
hs-cTnl to compare the limit of detection, single
cutoff, 1 hour algorithm, and 0/1 hour algorithm,
among 2828 patients, 16% had myocardial
infarction. The limit of detection method ruled out
16% of patients with 100% sensitivity, and the
single cutoff ruled out 54% with 97.1% sensitivity.
The 1 hour and 0/1 hour algorithms ruled out about
52% with 98.4% sensitivity. For patients presenting
within 2 hours of symptoms, the single cutoff had
lower sensitivity (94.2%). Overall, all methods were
effective, but the single cutoff was less suitable for
patients who presented early.*> A systematic review
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Fig 3 | ST-segment depression with new horizontal or down sloping ST-segment
depression 20.5 mm in two contiguous leads or T wave inversion »1 mm in two
contiguous leads with prominent R wave or R/S ratio »1

of 32 studies and 30066 patients evaluating the
diagnostic accuracy of different hs-cTn timing
strategies demonstrated that diagnostic performance
was similar across the hs-cTnT (Elecsys; Roche),
hs-cTnl (Architect; Abbott), and hs-cTnI (Centaur/
Atellica; Siemens) assays.*?

Consequences of the adoption of high sensitivity
troponins
The ability to detect lower concentrations of
troponin with greater precision has allowed for the
development of modern clinical decision pathways
with higher negative predictive value and earlier
timeframes for troponin testing (often allowing
serial troponins to be completed within 1-2 hours
of arrival).**” Additionally, most guidelines
now advocate for the use of a single troponin risk
stratification approach for certain low risk patient
groups who then might be suitable for early discharge
from the emergency department.>®

The ability of hs-cTn to precisely detect troponin
concentrations means that a subset could include
those without coronary ischemia.”® Clinicians
must therefore have a good understanding of the
test when interpreting the results. Because of their
higher sensitivity, concentrations measured by
using hs-cTn assays are often elevated compared
with the older troponin assays for patients with
systemic illnesses that cause increased myocardial
demand. It is important to note that cardiac troponin
concentrations will rise with any myocardial injury.
It is therefore not a marker specific to AMI, and there
are other causes of myocardial injury (box 2). Since
patient management is determined by the cause of
the elevation, it is important to understand the cause.
Examples on how to rule out some of these conditions

include imaging like computed tomography coronary
angiogram (coronary artery dissection), laboratory
blood work (anemia, heart failure, chronic kidney
disease), echocardiogram (heart failure), magnetic
resonance imaging (cardiomyopathy), cardiac
catheterization (takotsubo cardiomyopathy),
electrocardiogram, and cardiac  monitoring
(tachyarrhythmias, ventricular hypertrophy).

False troponin results

Falsely abnormal results can occur during analysis.
Analytical causes of falsely abnormal results include
rheumatoid factor, fibrin interference, hemolysis,
autoantibodies, macro troponin and heterophile
antibodies.*’ Results can also be affected by high
bilirubin and lipid levels and biotin. Additionally,
spurious results from laboratory errors can occur
with all assays resulting in unexpected high flier
results. The technicalities of such interferences and
abnormalities are beyond the scope of this review.
However, their existence further emphasizes the
need for careful incorporation of the clinical picture
of the patient when interpreting troponin results.
When a result appears inconsistent with clinical
circumstances, this should be discussed with the
local laboratory that might repeat the test with
careful attention to processing or be able to look for
interference. In addition, clinicians should consider
measuring troponin concentrations by using an
alternate assay.’®>*

Interpreting hs-cTn concentrations
The cardiologist Robert Jesse said that “when
troponin was a lousy assay it was a great test, but now
that it’s becoming a great assay, it’s getting to be a
lousy test.”>? This means that with older, less precise
assays that could not detect low concentrations, it
was fairly certain that myocardial injury was caused
by a coronary related problem when the troponin
concentration was raised above the upper reference
limit for the older assay. Hs-cTn assays provide
highly precise information across a much broader
quantitative range.

Raised concentrations of hs-cTn can be caused by
the following:

. Type 1 myocardial infarction
. Type 2 myocardial infarction
Acute myocardial injury

. Chronic myocardial injury

oo o

These distinctions are set out in the 4th Universal
Definition of Myocardial Infarction.*® Figure 4

Table 2 | Diagnosis of myocardial infarction in patients with left bundle branch block or paced rhythm

Criteria
Sgarbossa

Definition

ST-segment elevation of 21 mm concordant with the QRS complex; ST-segment depression of 21 mm in lead V1,
V2, orV3; and ST-segment elevation of x5 mm discordant with the QRS complex.

2930

Sensitivity and specificity
26.7% and 28.2%

Modified Sgarbossa

Replace the criterion ST-segment elevation =5 mm with the ratio ST-segment elevation divided by S-wave depth
(ST/S) less than -0.25

60.0% and 86.0%

BARCELONA

Modification of the Sgarbossa criteria, is considered positive for ACS if there is ST-segment deviation =1 mm
concordant with QRS polarity in any lead or ST-segment deviation =1 mm discordant with the QRS in leads in which
the largest deflection of the R or S wave is <6 mm.

53.3% and 82.2%

thelbmj | BMJ2025;388:r136 | doi: 10.1136/bmj-r136
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Box 1: Troponin definitions and ranges®

* Coefficient of variation (CV)—A statistical term for assay consistency that describes
the reproducibility of a result at a given level if the sample were to be tested overand

overagain.

e Limitof blank (LOB)—The highest apparent analyte concentration expected to be
found when replicates of a blank sample containing no analyte are tested (ie, it is
possible to get this result even if no troponin is present).

* Limit of detection (LOD)—The minimum concentration of troponin at which a troponin
canreliably be considered to have been detected. The LOD is always higher than the

LOB.

e Limitof quantification (LOQ)—The minimum concentration at which the CVis
<20%. Itis always higherthan the LOD. Because precision at the LOD can be poor
but precision atthe LOQ s fixed (eg, a CV of 220%), some jurisdictions (eg, the US
Federal Drug Administration rules) do not allow reporting of troponin results below

the LOQ.

* 99th Percentile and upper reference limit (URL)—Represents a cut-off point below
which 99% of the results occurred in a reference healthy population. Levels recorded
above this (Upper Reference Limit or URL) are considered to be abnormal.

e hs-cTn—High sensitive cardiac troponin.

e Detectable non-elevated hs-cTn—Values ofhs-cTn above the LOQ but below the 99th

percentile URL.

* Relative change (4) in hs-cTn—The percentage change in hs-cTn across serial
measurements. Relative changes 220% may be indicative of acute myocardialinjury.
Change corresponding to more than 50% of the reference intervalis a significant
biological change. At low troponin concentrations near the 99th percentile URL,
absolute Avalues provide greater specificity for acute myocardial injury than relative

Avalues.

e Absolute change (4) in hs-cTn—The change in hs-cTn across serial measurements,
reported as an absolute value in ng/L. At low hs-cTn concentrations near and
below the 99th percentile URL use absolute Avalues, not relative Avalues. Itis
recommended that clinical decision pathways for discharge should use absolute A
values, not relative Avalues.

shows a flow diagram for the interpretation of high
sensitivity cardiac troponin.

Clinical medicine has historically focused on
detecting and managing patients classified here as
type 1 AMI. However, patients with type 2 AMI, acute
myocardial injury, and chronic myocardial injury also
have high 5 year event rates.’® In particular, patients
with type 2 AMI have high rates of undiscovered and
untreated coronary and structural heart disease. In

Table 3 | Overall and sex specific 99th percentile upper reference limits for some current
high sensitivity troponin assays>’

Which URL No 99th Percentile  95% Cl
Roche hs-cTnT

Overall 533 14 12.7t0 24.9
ARCHITECT STAT hs-cTnl

Overall 1531 26 23.3t029.7
Abbott

Female 764 16 13.8t017.5
Male 766 34 28.9t0 39.2
Coulter DXI800

Overall 1089 18 12.6t0 20.7
Beckman

Female 595 12 8.41018.3
Male 784 20 14.0t0 42.9

Cl=confidence interval.

the DEMAND-MI study (Determining the Mechanism
of Myocardial Injury and Role of Coronary Disease in
Type 2 Myocardial Infarction), a cohort of patients
categorized as type 2 AMI underwent investigation
for structural heart disease and CAD. Some degree of
CAD was found in 68% of patients, with obstructive
disease in 30%. A large proportion of these patients
were not receiving treatment with either anti-platelet
drugs or statins. Similarly, 34% of patients had
undiscovered structural heart disease (19% with
severe disease), with notable gaps in therapy.>* Such
patients are often admitted to general medicine
teams (rather than cardiology) and are less likely to
receive follow-up investigations or medications.

Another common group is patients with kidney
disease. In a study of 15111 patients presenting to
seven emergency departments in Sweden, one third
of patients with acute kidney injury had hs-cTnT
concentrations indicative of acute myocardial injury
without evidence of myocardial injury or infarction
decreasing the specificity of hs-cTnT compared
with patients without acute renal impairment.>®
Implications of troponin concentrations near the
99th percentile are presented in box 3.

Chest radiography

Although chest radiography is frequently obtained
when evaluating patients with chest pain, findings
infrequently lead to intervention, and their use
should be guided by clinical suspicion.’® >’ In
patients with chest pain and dyspnea, a chest
radiograph can identify signs of fluid overload such
as pulmonary vascular congestion and edema.
A chest radiograph can also identify other acute
cardiopulmonary causes of chest pain such as aortic
dissection, pneumonia, or pneumothorax. The
use of chest x ray has been recommended by the
2022 American College of Cardiology (ACC) Expert
Consensus Decision Pathway and by the American
College of Radiology (ACR). Although chest x ray
is not sufficient to confirm or exclude CAD, it can
demonstrate clinically important pathology in a
meaningful minority of patients suspected to have
ACS.ll 38

Point of care ultrasound

In a patient with acute chest pain and a non-
diagnostic initial electrocardiogram, point of care
ultrasound can identify regional wall motion
abnormalities suggestive of ACS. However, accurate
identification of regional wall motion abnormalities
and differentiating acute from chronic abnormalities
requires substantial expertise and should be assessed
by more advanced users of echocardiography.’® Point
of care ultrasound can also help rapidly identify
pulmonary edema and has been shown to be helpful
in the diagnosis of acute dyspnea in the emergency
department.”®

Cardiac testing
There are two main types of non-invasive advanced

cardiac testing: anatomic and functional (box 4).

doi: 10.1136/bmj-r136 | BMJ 2025;388:r136 | thebmj
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Box 2: Reasons for elevated cardiac troponin values due to myocardial injury

Related to acute myocardialischemia
e Atherosclerotic plaque disruption with thrombosis

Related to acute myocardialischemia due to imbalance of oxygen supply or demand

¢ Reduced myocardial perfusion:
o Coronary artery spasm, microvascular dysfunction
o Coronary embolism
o Coronary artery dissection
o Sustained bradyarrhythmia
o Hypotension or shock
o Respiratory failure
o Severe anemia
e Increased myocardial oxygen demand
o Sustained tachyarrhythmia
o Severe hypertension with or without left ventricular hypertrophy

Other causes

e Cardiac conditions

o Heart failure

o Myocarditis

o Cardiomyopathy (any type)

o Takotsubo cardiomyopathy

o Coronary revascularization procedure

o Cardiac procedure other than revascularization
o Catheterablation

o Defibrillator shocks

o Cardiac contusion

Systemic conditions

o Sepsis, infectious disease

o Chronickidney disease

o Stroke, subarachnoid hemorrhage

o Pulmonary embolism, pulmonary hypertension
o Infiltrative diseases (eg, amyloidosis, sarcoidosis)
o Chemotherapeutic agents

o Patients that are criticallyill

o Strenuous exercise

Anatomic testing like computed tomography coronary
angiogram directly visualizes the coronary arteries
and can estimate the degree of coronary stenosis.
Though estimates of fractional flow reserve and thus
functional cardiac information can be obtained from
computed tomography coronary angiogram, these
estimates are not widely available in most centers.®*
A systematic review on the effectiveness of computed
tomography coronary angiogram in patients with
acute chest pain (22 studies, 9379 participants)
demonstrated a similar incidence of AMI (relative risk
0.86; 95% confidence interval 0.66 to 1.12), all cause
mortality (0.96; 0.59 to 1.58), and cardiovascular
mortality (1.35; 0.59 to 3.09) compared with usual
care, irrespective of pretest probability.®® In patients
at low to intermediate risk of ACS (as defined by a
risk score), there were more revascularizations (1.45;
1.09 to 1.93) and medication changes (1.33; 1.06
to 1.67). There was increased radiation exposure
(mean difference 7.24 mSv; 95% confidence interval
4.55 to 9.94) for patients who had a computed
tomography coronary angiogram. Computed
tomography coronary angiogram for patients at low
to intermediate risk for ACS was associated with a
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17% reduction in length of stay in hospital and a
21% decrease in immediate costs.5?

Other types of cardiac testing (exercise
electrocardiogram, stress/rest single photon emission
computed tomographymyocardial perfusionimaging,
stress/rest stress echocardiography, and stress/rest
positron emission tomography) provide information
on cardiac function. Current guidelines recommend
selective use of testing, reduced layered testing,
and eliminating testing when the diagnostic yield is
low. Resting imaging tests, including radionuclide
myocardial perfusionimaging and echocardiography,
could be of value in the evaluation of patients who
have persistent chest pain suggestive of ACS, a non-
ischemic electrocardiogram, and initial or serially
negative cardiac biomarkers. Some patients in whom
chest pain has resolved might undergo stress testing
with or without imaging in the outpatient setting.
Stress echocardiography shows excellent accuracy
compared with coronary angiography for detecting
CAD, with similar sensitivity to nuclear perfusion
imaging but with higher specificity. It also provides
additional information on wall thickness, chamber
size, and valvular abnormalities, without radiation
or contrast dye.®>

A systematic review of 34 studies (3352
participants) found exercise testing for CAD varies in
accuracy based on age, sex, and test type. Treadmill
echocardiography (likelihood ratio 7.9), treadmill
electrocardiogram (3.6), and bicycle echo (11.3)
had the highest positive likelihood ratios. Exercise
tests are better at ruling out CAD than confirming it,
especially in younger patients (4.7).°* A systematic
review including 77 studies demonstrated that
negative computed tomography coronary angiogram
has a higher test performance than other index tests
to exclude clinically important CAD. A positive stress
myocardial computed tomography perfusion added
to computed tomography coronary angiogram, stress
cardiac magnetic resonance, and positron emission
tomography have a higher test performance to
identify patients requiring invasive coronary artery
evaluation.®” A study including 15000 patients
with a pooled prevalence of CAD of 14.9%, showed
that the greatest ruling out capacity (ie, post-test
probability <5%) was by computed tomography
coronary angiogram, positron emission tomography,
and stress cardiac magnetic resonance. With
decreasing pre-test probability, the number of false
positive tests increased.®® A study of 5332 patients

showed a sensitivity of computed tomography °¢

angiography of 95.2% and specificity of 79.2%. At
a pretest probability of 7%, the positive predictive
value of computed tomography angiography was
50.9% and the negative predictive value was 97.8%;
corresponding values at a pretest probability of 67%
were 82.7% and 85.0%, respectively. Performance of
computed tomography angiography was not affected
by the type of chest pain and was slightly higher in
men and lower in older patients.®” ¢

The warranty period of prior cardiac testing should
be considered when symptoms are unchanged. A
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Clinical interpretation of high sensitivity cardiac troponin

Serial testing for suspected acute coronary syndrome

If any elevated troponin value - increased above upper reference limit

|

Noticeable change in serial testing identified?

Yes £ A l No
Acute myocardial injury Troponin level stable

|

Evidence for acute myocardial ischemia identified?

A

l YesI \ No

Myocardial infarction

Cause of myocardial ischemia identified?

{

Evidence of acute
coronary
atherothrombosis

l

l

Clinical context and
mechanisms for
oxygen demand and
supply imbalance

|

v

v

Type 1 myocardial Type 2 myocardial Acute Chronic
infarction infarction myocardial injury myocardial injury
Triggers Examples Examples Examples
® Plaque rupture ® Severe hypertension ® Acute heart failure ® Structural heart
® Plaque erosion ® Sustained ® Myocarditis disease
tachyarrhythmia ® Chronic kidney
disease

Fig 4 | Algorithm for clinical interpretation of high sensitivity cardiac troponin

normal coronary angiogram with no stenosis or Risk scores and risk stratification

plaque warranty period is two years, and a normal Pathways and risk scores are integral to the
stress test warranty period, given adequate stress, is  efficient and accurate evaluation of chest pain in
one year.' ° Table 4 outlines considerations in stress the emergency department, ensuring that patients
testing selection and contraindications to testing. receive appropriate care that is based on their risk
The primary considerations are whether the patient level.?®77°

can exercise and whether imaging is needed. Other

considerations include resting electrocardiogram, Risk scores for possible ACS

additional information provided by the test, test Several risk scores have been evaluated. Some that
availability, radiation exposure, and cost. were derived for prognostication in patients with

Box 3: Implications of troponin concentrations below but near the 99th percentile

Troponin concentrations that are below the ggth percentile when measured by a high sensitivity assay are
frequently described as normal or false negative. However, such dichotomization of a continuous variable has
limitations. Patients presenting with chest pain who have troponin concentrations in the upper half of the range
between the limit of detection and the gg9th percentile (we will describe them here as high normals) have higher
cardiac event and death rates in medium to long term follow-up. These patients warrant additional scrutiny
regarding the potential need for follow-up investigations and consideration for secondary prevention medications
such as statins.

In a Swedish study of 22 589 patients aged over 25 presenting to the emergency department with chest pain, 55
patients were followed for all cause mortality for approximately five years. Death in patients whose hs-cTnT result
was <5 ng/L died of predominantly non-cardiac causes (top five were lung, breast, prostate, and colon cancer, and
other unspecified causes). However, patients with nominally normal (but higher concentrations between 10-14 ng/L)
died of predominantly cardiovascular causes (AMI, atherosclerotic cardiovascular disease, hemorrhagic stroke, and
heart failure in addition to lung cancer). Mortality in the 10-14 ng/L group of patients was 15%, with notable rates of
cardiovascular mortality (3.4%), AMI (3.9%), and heart failure (5.0%).

8 doi: 10.1136/bmj-r136 | BMJ 2025;388:r136 | thebmj
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Box 4: Common anatomical and functional testing options

13860

1.

Coronary computed tomography angiography (CCTA or CTCA) is a non-invasive
imaging modality that provides detailed images of the coronary arteries. It is
particularly useful for ruling out coronary artery disease (CAD) in patients with low
to intermediate risk of acute coronary syndrome (ACS). CTCA can detect both non-
obstructive and obstructive plaque and can identify non-cardiac causes for some
symptoms.

. Stress echocardiography has excellent accuracy, sensitivity and specificity. It

provides additional information on wall thickness, chamber size, and valvular
abnormalities, without radiation or contrast dye.

. Stress cardiac magnetic resonance (CMR) is another non-invasive imaging

technique that can assess myocardial perfusion and viability. Stress CMR is often
used in patients with known CAD and/or cardiomyopathy, and itis contraindicated
in patients with major renal dysfunction.

. Stress/rest single photon emission computed tomography (SPECT) myocardial

perfusion imaging is widely available and has relatively high diagnostic sensitivity.
Itis used to assess ventricular function and detect perfusion abnormalities. SPECT
is preferred in patients who cannot exercise or who have severe bronchospastic

disease.
. Stress/rest positron emission tomography (PET) myocardial perfusion imaging

offers high diagnostic accuracy and lower radiation exposure compared with
SPECT. It can measure myocardial blood flow and flow reserve. PET is preferred over
SPECT owing to its higher diagnostic accuracy and lower rate of non-diagnostic test

results.

established ACS were initially repurposed so that
they could be used in the emergency department
setting. The Thrombolysis in Myocardial Infarction
score, which uses a simple six point scale, is one
example. Recently, more risk scores have been
developed specifically for risk stratification of
undifferentiated emergency department patients
with suspected ACS. The history, electrocardiogram,
age, risk factors, and troponin (HEART) score was
developed based on clinician intuition and uses the
degree of clinical suspicion based on symptoms,
electrocardiogram, age, CAD risk factors and
troponin concentrations. Additional risk scores
have been derived and validated using multivariable
analyses to identify independent predictors of AMI
and major adverse cardiac events. These include
the Emergency Department Assessment of Chest
Pain Score and the Troponin-only Manchester Acute
Coronary Syndromes score.>” 7*73

The thrombolysis in acute myocardial infarction
score and HEART score have been applied both
with a single hs-cTn test at the time of arrival in the
emergency department and with serial hs-cTn testing
over 1-3 hours.’ ’* The Emergency Department
Assessment of Chest Pain Score (EDACS) score was
designed to be used with serial troponin testing over
2 hours,”* while the Troponin-only Manchester Acute
Coronary Syndromes score was designed for use with
a single hs-cTn test at the time of arrival.>® 7> 7¢

Compared with an wunstructured clinical
assessment, risk scores have been shown to decrease
unnecessary testing and reduce admissions while
maintaining high sensitivity for the detection of
acute myocardial injury and 30 day major adverse
cardiac events.® 2 77 Major adverse cardiac events

thelbmj | BMJ2025;388:r136 | doi: 10.1136/bmj-r136

usually incorporate cardiac death, AMI occurring
after discharge from the emergency department,
and coronary  revascularization. Coronary
revascularization is more controversial as an outcome
measure to drive practice given the potential for
variation in practice and a lack of data to support the
effectiveness of urgent coronary revascularization
when AMI has been ruled out.

Table 5 summarizes the systematic reviews that
evaluate the diagnostic accuracy and efficiency of
each of these risk scores.

Machine learning techniques allow us to consider
hs-cTn as a continuous variable rather than imposing
a cutoff, as with the Troponin-only Manchester Acute
Coronary Syndromes score. There are advantages
to this approach, because a very high hs-cTn
concentration is likely to be more concerning than a
slightly raised value. For example, the Collaboration
for the Diagnosis and Evaluation of Acute Coronary
Syndrome model was derived in a dataset of 10038
patients, and on external validation in 10 286 patients
from seven cohort studies, the model had an area
under the receiver operating characteristic curve of
0.953.83 Further, the Myocardial Ischemic Injury Index
model can provide important practical support in the
interpretation of serial hs-cTn results. This model
considers age, sex, hs-cTn results and their timing
to determine whether an observed change in hs-cTn
concentration on serial sampling is meaningful.
The model had an area under the receiver operating
characteristic curve of 0.949 when it was validated
in 20761 patients. This could have practical value in
busy emergency departments when precise timing of
serial sampling at 1h, 2h, or 3h is not feasible.®

In direct comparisons, the thrombolysis in acute
myocardial infarction has been outperformed by
HEART, Troponin-only Manchester Acute Coronary
Syndromes score and Emergency Department
Assessment of Chest Pain Score for diagnostic
efficiency and sensitivity for AMI and major adverse
cardiac events.”” 8 5> 8¢ Troponin-only Manchester
Acute Coronary Syndromes score had higher
sensitivity for AMI and major adverse cardiac events
than both HEART and Emergency Department
Assessment of Chest Pain Score,®? though Emergency
Department Assessment of Chest Pain Score has
been shown to have similar sensitivity outside of
North America.”

Clinical decision pathways

Whether used alone or with a risk score, hs-cTn
testing must guide clinical decision making in the
emergency department. This requires incorporating
hs-cTn into a clinical decision pathway. Numerous
pathways have been developed. As a general
principle, decision pathways will specify criteria to
rule out AMI after performing single hs-cTn test at the
time of arrival in the emergency department. After
considering alternative diagnoses and other relevant
factors, such patients might be eligible for early
discharge. Patients with a hs-cTn level above a very
high threshold have a high probability of AMI, and

9

saibojouyoal Jejiwis pue ‘Buluresy | ‘Buiuiw elep pue 1xa) 01 pale|al sasn 1o} Buipnjoul ‘1ybliAdos Aq paloaloid
"1sanb Aq Gzoz |11dV TT U0 /WO lwg mmmy/:sdiy woJly papeojumoq "G20z YoIew 8z uo 9eT. [wag/9eTT 0T Se paystignd s (NG


https://www.bmj.com/

STATE OF THE ART REVIEW

Table 4 | Stress testing selection and contraindications®?

Stress single photon emission computed

Electrocardiogram Stress echocardiography tomography Stress positron emission tomography
Exercise Exercise Pharmacologic Exercise Pharmacologic Exercise Pharmacologic
Selection criteria

Patient can exercise to at Patient can exercise Patient is unable to Patient can exercise  Patient is unable to Patient can Assessment of

least 85% of age predicted
maximum heart rate

to at least 85% of age
predicted maximum

exercise adequately

to at least 85%
of age predicted

exercise to at
least 85% of

exercise adequately or
has contraindications to

myocardial viability
and microvascular

Normal resting heart rate maximum heart rate  exercise age predicted disease desired
electrocardiogram maximum heart
rate
Considerations
Add imaging: Consider Pharmacologic agents  Consider Pharmacologic agent Consider Pharmacologic agent

« In the presence of
electrocardiogram
features of left ventricular

hypertrophy, pre-excitation,

or non-specific STand T
wave changes

« |f patient is taking digoxin

« If history of
revascularization

« If the goal of testing is to
localize ischemia or to
assess myocardial viability

pharmacologic stress
in the presence of
extensive resting left
ventricular wall motion
abnormalities

include dobutamine
+/-atropine.
Preferred choice

for assessment of
myocardial viability

pharmacologic stress
study if left bundle
branch block or
ventricular pacing

is regadenoson
(vasodilator).

Hold theophylline for 48
hours and caffeine for 12
hours before the study

pharmacologic
stress if left bundle
branch block,
ventricular pacing,
or extensive

wall motion
abnormalities

is regadenoson
(vasodilator).

Hold theophylline for
48 hours and caffeine
for 12 hours before
the study

Precautions

» Unstable acute coronary
syndrome

* Severe hypertension
(resting systolic 180
mmHg)

Test requires

moving quickly from
treadmill to left lateral
recumbent position
at the point of peak
exercise; consider
other testing options
if patient has limited
mobility

Dobutamine is
contraindicated if:
History of ventricular
arrhythmias

Myocardial infarction
within the past 2-3
days

Unstable angina
Significant ventricular
outflow tract

None

obstruction

Aortic dissection
Severe systemic
hypertension (resting
systolic >180 mmHg)

Vasodilators are
contraindicated if:
Bronchospastic
airway disease
Hypotension

Sick sinus syndrome
High degree
atrioventricular
block or use of oral
dipyridamole therapy
Seizure disorder
May substitute

with dobutamine

if vasodilators are
contraindicated

Vasodilators are None

contraindicated if:

 Bronchospastic airway
disease

* Hypotension

e Sick sinus syndrome

¢ High degree

atrioventricular

block or use of oral

dipyridamole therapy

Seizure disorder

May substitute

with dobutamine

if vasodilators are

contraindicated
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the diagnosis could be considered ruled in, allowing
for early specialist referral and treatment. The
remaining patients will undergo a second hs-cTn test
one to three hours after the first test. This will stratify
more patients to the rule out and rule in groups. The
remaining patients could be in an observation group.
The European Society of Cardiology recommends
a decision pathway that uses serial hs-cTn testing
over 1 hour?” The cutoffs and delta criteria (the
change between hs-cTn levels on serial samples) are
separately derived for each commercially available
hs-cTn assay. In the UK, the National Institute for
Health and Care Excellence (NICE) commissioned
a systematic review which identified numerous hs-
cTn testing pathways with high sensitivity, with the
choice of any particular decision pathway being
deferred to individual hospitals based on local
factors.®® For example, laboratory turnaround times
and emergency department crowding might make
serial sampling after 1 hour logistically challenging.
A hospital might defer the second test, when
required, for two or even three hours. Implementation
of clinical pathways for suspected ACS reduced
the length of stay and increased the proportions of
patients safely discharged within six hours.®

Risk scores can also be used to guide decision
pathways.  Troponin-only Manchester  Acute
Coronary Syndromes score stratifies patients into
four risk groups based on the calculated probability
of ACS after a single hs-cTn test. Each risk group has
a recommended disposition. The HEART pathway
requires the use of the HEART score to stratify
patients into low, moderate, and high risk groups.
The low risk group is eligible for discharge after
two hs-cTn tests performed three hours apart. In a
randomized trial, this pathway reduced objective
testing and increased early discharges.?

A multicenter study with 17 384 patients showed
that the use of hs-cTn improved the detection of
myocardial infarction in the emergency department
(4.6% v 2.0%; P<0.001) and within 30 days (5.8% v
4.4%; P<0.001) compared with non-hs-cTn testing.
The 30 day all-cause mortality rate was unchanged
(0.3% v 0.4%; P=0.50). Also, patients in the hs-
cTn group had lower healthcare use (admission
rate 12.2% v 15.0%, stress testing 10.2% v 12.8%,
and revascularization 1.0% v 2.0%; P<0.001 for
all).”® However, the High-Sensitivity Troponin in the
Evaluation of patients with Acute Coronary Syndrome
pathway, which requires serial hs-cTn testing over
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Table 5 | Risk stratification tools for suspected acute coronary syndrome

Thrombolysis in myocardial infarction

(TIMI) score
Calculation

Emergency department

History, electrocardiogram, age, risk

factors, and troponin (HEART) score (EDACS)

assessment of chest pain score

Troponin-only Manchester acute coronary
syndromes (T-MACS) score

* Age 265 years (1 point)
>3 risk factors for coronary artery
disease (1 point)

>50%) (1 point)

Known coronary artery disease (stenosis *

Aspirin use within 7 days (1 point)
Severe angina (22 episodes in 24 h)

History: Highly suspicious (2 points),
moderately suspicious (1 point), slightly
suspicious (0 points)

Electrocardiogram: ST deviation (2 points),
non-specific repolarization disturbance (1
point), normal (0 points)

Age: 265 years (2 points), 45-64 years (1

* Age (scored from 2 to 20 points)

 Sex (+6 points for male)

« Diaphoresis (+3 points)

 Pain radiates to arm, shoulder,
neck or jaw (+5 points), worse
on inspiration (=4 points), .
reproduced by palpation (-6 .

* Electrocardiogram ischemia (+1.828 points)

» Worsening/crescendo angina (+1.54 points)

« Pain radiating to right arm/shoulder (+0.849
points)

« Pain associated with vomiting (+1.783 points)

Diaphoresis (+1.878 points)

Hypotension (+1.412 points)

(1 point) point), <45 years (0 points) points) ¢ hs-cTn concentration (ng/L)
* Electrocardiogram ST deviation > * Risk factors: =3 risk factors for coronary * Probability of acute coronary syndrome
0.5 mm (1 point) artery disease or history of atherosclerotic calculated as: 1/(1+exp—(n-4.65)), where n is
disease (2 points), 1-2 risk factors for the sum of the points scored
coronary artery disease (1 point), no risk
factors (0 points)
e hs-cTn: =3 times the 99th percentile upper
reference limit (2 points), 1-3 times the
normal limit (1 point), <99th percentile
upper reference limit (O points)
hs-cTn testing requirement
0-1hor0-2h Single test (HEART score) or 0-2h Single test

0-3 hours (HEART pathway)

Rule-out criteria

Score 0-1 Score 0-3 Score <16 and electrocardiogram  Calculated probability <2%
shows no new ischemia and hs-
cTnnormalat O h and 2 h

Rule-in or high-risk criteria

Score 4-6 Score 7-10 N/A Calculated probability 295%

Evidence from systematic reviews

Sensitivity (%) for rule-out (95% confidence intervals)

For MACE at 30 days to 6 months:
97.2 (96.4 10 97.8)"®

HEART score, for short term MACE:
96 (93 to 98)"°
96.7 (94.0 to 98.2)%°

For 30 day MACE:
96.1 (89.6 to0 98.6)!

For acute myocardial infarction: 98 (98 to 99)®
For 30 day MACE: 96 (94 to 98)

After discharge from emergency department (%)

21.9

11.0to 85.2”°
28.2 to 64.%°

55

Pooled specificity 36.2

hs-cTn=high-sensitivity cardiac troponin; MACE=major adverse cardiac events

three hours without a risk score, has been reported
to have greater diagnostic efficiency than HEART
without compromising sensitivity.>>

A key unanswered question in this field is the
optimum management of patients in the observation
group. Given the intermediate probability of AMI, a
reasonable initial approach is to repeat the hs-cTn
test at six hours to confirm or refute the diagnosis
with greater certainty. Imaging, such as computed
tomography coronary angiogram, could then be
considered for the remaining patients who do not
have AMI. Figure 5 shows a rubric for a clinical
decision pathway for patients with suspected ACS,
with or without the use of risk scores.

Does the addition of a risk score to hs-cTn help
identify patients safe for emergency department
discharge?

The incremental value of risk scores in the era
of hs-cTn is debated. A systematic review of risk
stratification scores included six external validation
studies and 20959 patients.” A HEART score <3
predicted a very low risk of major adverse cardiac
events among the greatest proportion of patients.
Other scores (thrombolysis in acute myocardial
infarction, Global Registry of Acute Coronary Events,

thelbmj | BMJ2025;388:r136 | doi: 10.1136/bmj-r136

No Objective Testing Rule, Emergency Department
Assessment of Chest Pain Score) had lower sensitivity
or classified fewer patients as low risk. Overall, the
HEART score effectively identified low risk patients,
and the risk of major adverse cardiac events was so
low that additional testing might not be necessary.
The Sensitivity Troponin in the Evaluation of patients
with Acute Coronary Syndrome pathway is an
example of a clinical decision pathway that uses hs-
cTn without a risk score to classify patients as low,
intermediate, and high risk.’? The High Sensitivity
Cardiac Troponin T to Optimize Chest Pain Risk
Stratification study enrolled emergency department
patients with symptoms suggestive of ACS at eight
sites in the US. Using the HEART pathway, three
groups were created: rule out, observation, and rule
in. Among 1452 patients, 12.7% had 30 day cardiac
death or myocardial infarction. In the validation
cohort, the hs-cTnT HEART pathway ruled out
37.6%, with a negative predictive value of 99.3%.
The rule in group included 14.5%, with a positive
predictive value of 57.1%. The hs-cTnT HEART
pathway with 0 and 1 hour hs-cTnT has high negative
predictive value and moderate positive predictive
value for 30-day cardiac death or myocardial injury
or infarction.”?
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hS-cTntestatOh

[

hs-CTn below threshold
(eg, LOQ, LOD)
or
HEART low risk
or
T-MACS very low risk

Initial hs-cTn and delta <—
below derived thresholds
or
,— EDACS <16 points and
hs-cTn <99th percentile
and normal
electrocardiogram

Intermediate

hs-cTntestat1-3h —> Delta above

Observation zone

)

hs-CTn above threshold
(eg, LOQ, LOD)
or
HEART high risk
or
T-MACS high risk

derived threshold B

Rule out <— hscTntestat6 hand/or —p Rulein
cardiac imaging (eg, CTCA)

Fig 5| Clinical decision pathways for patients with suspected acute coronary syndrome. LOQ=limit of quantitation;
LOD=limit of detection; HEART=history, electrocardiogram, age, risk factors, and troponin; T-MACS=Troponin-only
Manchester Acute Coronary Syndromes; EDACS=Emergency Department Assessment of Chest Pain Score (EDACS);

CTCA=computed tomography coronary angiogram

A prospective study of patients with acute chest
pain compared thrombolysis in acute myocardial
infarction, Global Registry of Acute Coronary Events,
HEART, and the North America Chest Pain Rule and
excluded the components of clinical gestalt. Among
1081 patients (30 day major adverse cardiac events
15.2%), the areas under the receiver operating
characteristic curves were 0.809 for thrombolysis in
acute myocardial infarction, 0.756 for Global Registry
of Acute Coronary Events, and 0.845 for HEART. A
thrombolysis in acute myocardial infarction score =1
had a sensitivity of 97% and a specificity of 45.7%.
A Global Registry of Acute Coronary Events score 250
had a sensitivity of 99.4% and a specificity of 7.5%.
A HEART score =1 had a sensitivity of 98.8% and a
specificity of 11.7%. The North America Chest Pain
Rule had a sensitivity of 93.3% and a specificity of
51.5%. Without clinical gestalt, the modified HEART
score had the best discriminative capacity for 30 day
major adverse cardiac events.’* Real time use of the
HEART pathway resulted in a non-adherence rate
of 20%, mostly due to overtesting. None of these
patients had major adverse cardiac events within
30 days. Non-adherence decreased the discharge
rate, attenuating the HEART pathway’s impact on
healthcare use.”

Do risk scores help identify patients who need
additional functional or anatomic cardiac testing
after ruling out for AMI on serial hs-cTn testing?

In a retrospective cohort of 1974 emergency
department patients undergoing hs-cTnT
measurement in two US centers, history,
electrocardiogram, age, risk factors scores (not
HEART scores, hs-cTnT was removed from the score)
were retrospectively calculated from the electronic
health record, along with 30 day major adverse
cardiac events rates.”® A 0 or 2 hour protocol was

used to assess AMI. Patients with hs-cTnT levels
above the limit of quantitation (6 ng/L) had an
increased risk of 30 day major adverse cardiac events
(3.4%) regardless of history, electrocardiogram,
age, risk factors score, and patients with hs-cTnT
<99th percentile remained at low risk (0% to 1.2%)
across all history, electrocardiogram, age, risk factors
score strata. These data suggest that hs-cTnT alone
is predictive of 30 day major adverse cardiac events
without use of a risk score, and that the history,
electrocardiogram, age, risk factors score does
not reliably identify patients who need advanced
cardiac testing. However, the history component of
the score was retrospectively abstracted from charts
in which clinicians did not record their assessment
of the patient’s chest pain in a structured way,
calling into question the accuracy of data abstracted
from the record representing clinicians’ gestalt. In
addition, external validation is needed to confirm
the reproducibility of these findings in other patient
populations.

Optimal initial management

An approach to patients with acute chest pain
suggestive of acute coronary syndrome (ACS) is
shown in figure 6.

High risk patients

For patients with ST-segment elevation myocardial
infarction, clinicians should immediately activate the
cardiac catheterization laboratory for percutaneous
coronary intervention.”” If the clinician is at a non-
percutaneous coronary intervention capable center,
the clinician should transfer the patient to a center
that is capable of performing the test.”’ If transfer to
a percutaneous coronary intervention capable center
is anticipated to exceed 120 minutes, fibrinolytic
therapy should be initiated.”” Aspirin 162-324 mg

doi: 10.1136/bmj-r136 | BMJ 2025;388:r136 | thebmj
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Acute chest pain suggestive of acute coronary syndrome

Focused history and physical exam

Obtain and interpret electrocardiogram

{

Non ischemic
electocardiogram

L

ST changes consistent
with ischemia

Obtain hs-cTn (see fig 3)

l

ST-segment elevation
myocardial infarction

|

Follow institutional guidelines
for management and

A revascularization
Negative troponin Significant troponin delta
l High-risk features

Suspected non-cardiac cause or
stable coronary artery disease

(persistent chest pain or
hemodynamic instability)

| I

High risk
Consider coronary angiography

Manage as non-
ST-segment elevation
myocardial infarction

lNo
!

Intermediate risk
Further testing indicated

Low risk
® TO below assay limit of detection/limit of quantitation and symptoms present for at least 3 h
® TO-T1 or TO-T2 h delta below the assay threshold without significant delta
® TIMI score O or 1/HEART score <3/EDACS score <16 and TO-T1 or TO-T2 h delta below the assay

threshold without significant delta
® TMACS single hs-cTn probability <2%

No further testing

Fig 6 | Approach to patients with acute chest pain suggestive of acute coronary syndrome using risk scores for
stratification. STEMI=ST-segment elevation myocardial infarction

(chewable preferred) should be given.”® A loading
dose of a P2Y,, receptor inhibitor (clopidogrel
600 mg, prasugrel 60 mg, or ticagrelor 180 mg)
should also be given.”® Anticoagulation should be
initiated with a low molecular weight heparin such
as enoxaparin 0.5-1.0 mg/kg, or unfractionated
heparin 60-70 IU/kg. Enoxaparin might be superior
with regard to mortality and complications.”
Oxygen should only be administered to patients who
are hypoxic, because routine administration is not
beneficial.’® Nitroglycerin and opioids should be
given as needed for pain.

For patients with non-ST-elevation myocardial
infarction, aspirin 81-324 mg and a P2Y,, receptor
inhibitor (clopidogrel 300-600 mg or ticagrelor
180 mg) should be given.’®® Anticoagulation
should be initiated with enoxaparin 1 mg/kg or
unfractionated heparin 60-70 IU/kg.'°> As for
patients with ST-segment elevation myocardial
infarction, oxygen should not be used routinely
and pain should be treated with nitroglycerin and
opioids as needed.

thelbmj | BMJ2025;388:r136 | doi: 10.1136/bmj-r136

For high risk patients, defined by new ischemic
changes on electrocardiogram, elevated troponins,
new-onset left ventricular dysfunction, or other
high risk features, the American Heart Association
recommends invasive coronary angiography to
identify and manage any obstructive CAD. If invasive
coronary angiography does notidentify an obstructive
stenosis that correlates with the clinical presentation
and the patient remains troponin positive, cardiac
magnetic resonance imaging can also be considered
for determining alternative diagnoses.'> 14

Intermediate risk patients

Current clinical decision pathways have two primary
ways patients with possible ACS and a non-ischemic
electrocardiogram are classified as intermediate risk.
First, the high sensitivity troponin concentration is in
the range between the limit of detection and the 99th
percentile. These patients have higher cardiac event
and death rates in medium to long term follow-up
and, as such, warrant further investigation.” 1> 1%
Provided that there is not a relevant delta between
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serial high sensitivity troponin measurements, the
patient is not experiencing acute myocardial injury,
and can be safely discharged from the emergency
department.’’In the outpatient setting, patient
follow-up for further risk stratification and primary
prevention of CAD is indicated to optimize long term
outcomes.

Second, the high sensitivity troponin concentration
is undetectable or in the range between the limit of
detection and the 99th percentile with a negative
delta. These patients are classified as intermediate
risk using a risk score (eg, HEART). For this group
of patients, outpatient follow-up for further risk
stratification is also reasonable, though further
research is needed to determine the utility of risk
scores in determining long term prognosis in the
era of high sensitivity troponin.”® We recommend
engaging in shared decision making for intermediate
risk patients, discussing the risks and benefits of
further cardiac testing, including false positives,
radiation, and iatrogenic complications.®® 1%

Low risk patients

Low risk patients can be discharged after initial risk
stratification. For most low risk patients, urgent
diagnostic testing for suspected coronary artery
disease is not needed." One study of low risk patients
found that exercise stress testing had only a modest
contribution with a high rate of false positives.!'® A
study claims that, after ACS is ruled out, the yield
of any stress test is very low.'* The most important
intervention for low risk patients is addressing
modifiable risk factors (eg, smoking cessation,
managing blood pressure and lipids) and ensuring
primary care follow-up.

Special considerations

Serial troponin testing strategies

Single rule out strategies exist based on a single
troponin, 0/1, 0/2, and 0/3 hour pathways. These
are guided by published evidence and assay-specific
cutoffs, along with approaches to selecting the rule
out strategy based on local hospital logistics (see
table 6).

The European Society of Cardiology O or 1 hour
hs-cTnT algorithm does not differentiate risk based
on whether the patient has known CAD. A subgroup
analysis of the Sensitivity Cardiac Troponin T to
Optimize Chest Pain cohort included 1430 patients
(31% with CAD). Cardiac death or myocardial
infarction at 90 days was more frequent in those with
CAD than in those without (21% v 10%; P<0.001).
Among rule-out patients, 90 day cardiac death or
myocardial infarction occurred in 3.4% of patients
with CAD and 1.2% without CAD (P=0.09). The
negative predictive value was 96.6% (95% confidence
interval 92.8 to 98.8) in patients with CAD and 98.8%
(97.6 to 99.5) in patients without CAD.*®

Occlusion myocardial infarction
Figure 7 shows the classification of stable versus
acute coronary syndrome. Occlusion myocardial

infarction refers to type 1 myocardial injury or
infarction involving acute occlusion or near occlusion
of a major epicardial coronary vessel with insufficient
collateral circulation, resulting in imminent necrosis
of downstream myocardium without emergent
reperfusion. Occlusion myocardial infarction is
the anatomic and pathophysiologic substrate of
ST-segment elevation myocardial infarction, but
not all occlusion myocardial infarction manifests
as ST-segment elevation myocardial infarction.'?
Patients with occlusion myocardial infarction and
ST-segment elevation myocardial infarction have
similar angiographic findings, raised cTn levels,
and a high risk of pre-catheterization cardiac arrest
and index visit mortality. Patients with occlusion
myocardial infarction, but without ST-segment
elevation myocardial infarction, are less likely to
receive emergency cardiac catheterization compared
with patients with ST-segment elevation myocardial
infarction (38% v 71%).'13

Classifying AMI patients as having occlusion
myocardial infarction or non-occlusion myocardial
infarction is a paradigm shift providing a nuanced
perspective and a broader goal—to recognize
all electrocardiogram findings diagnostic of
occlusion myocardial infarction—compared with
the existing paradigm which aims to identify all
electrocardiogram findings diagnostic of ST-segment
elevation myocardial infarction. Early identification
of patients with occlusion myocardial infarction
has the potential to lead to earlier intervention and
to improve outcomes in patients with ACS. Further
research on emergent reperfusion for non-ST-
segment elevation myocardial infarction occlusion
myocardial infarction is needed.?® > In non-
occlusion myocardial infarction, myocardial injury
is due to ischemia but without major coronary artery
stenosis. The pathophysiology includes epicardial
vasospasm, coronary microvascular dysfunction,
spontaneous coronary artery dissection, and
coronary thromboembolism. Management requires
addressing the underlying cause (eg, antithrombotic
therapy for thromboembolism or specific treatments
for myocarditis or Takotsubo cardiomyopathy).* 14

Ischemia with non-obstructive coronary arteries

One half of patients undergoing elective coronary
angiography for possible ACS will have non-
obstructive coronary heart disease. These patients
are often discharged with a diagnosis of non-cardiac
chest pain, and a percentage of them will have
recurrent symptoms secondary to cardiac ischemia.
Ischemia with non-obstructive coronary arteries can
result from coronary microvascular dysfunction or
coronary vasospasm, leading to inadequate blood
flow to the myocardium. Patients often present with
angina-likesymptoms, makingdiagnosischallenging.
Diagnosis requires coronary angiography, functional
testing, and evaluations of coronary microvascular
function and vasospasm. Management focuses on
symptom relief through pharmacotherapy, lifestyle
modifications, and psychosocial support. Ischemia
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Table 6 | Serial troponin strategies in systematic reviews

Sample size Sensitivity Specificity

Algorithm Troponin (No) (95% CI) (95% Cl) Additional findings

Nomura O **?

0/1h hs-cTnl 7235 99.3% (98.5 t0 99.7) 90.1% (80.7 t0 95.2) Comparable diagnostic performance to hs-cTnT

0/1 h European Society  hs-cTnT 9188 99.3% (96.9 t0 99.9) 91.7% (83.5 to 96.1) Effective for ruling in/out non-ST elevation

of Cardiology (ESC) myocardial infarction

Burgos LM *°

0/1h Various 19213 99% (98 to 99) 91% (91 t0 92) Likelihood ratios (+) 11.6 (95% CI 8.5 to 15.8),
(-) 0.02 (0.01 to 0.03). AMI prevalence 11.3%,
30-day AMI rate 0.08%, mortality 0.11% in the
rule-out group, 2.8% in the rule-in group.

Engstrom A%

0/1hv0/2h Various 710 98.2% 96.3% (0/1 h) v97.4% (0/2 h) AMI incidence 7.9%. The 0/2 h algorithm ruled
out more patients (69.3% v 66.2%). For rule-
in, the 0/2 h algorithm had a higher positive
predictive value (73.4% v 65.2%) and specificity
(97.4% v 96.3%) than the 0/1 h algorithm.

Ashburn N*®

0/1 h ESC hs-cTnT 1430 30 days death or MI 30 days death or Ml 31.4% of the patients had CAD.

93.2% with CAD 90.0% with CAD Death or Ml at 30 days in 12.8%.
92.6% without CAD 95.1% without CAD Cardiac death or MI at 30 days occurred in 19.6%

with CAD and 9.7% without CAD (P<0.001).
Among rule-out patients, 30 day cardiac death or
Ml occurred in 3.4% with CAD and 1.1% without
CAD (P<0.001).
The NPV for 30 day cardiac death or Ml was
96.6% (95% Cl 92.8 to 98.8) among patients
with known CAD and 98.9% (97.8 to 99.6) in
patients without known CAD (P=0.04).

Chiang CH*®

0/1h 30066 0/1h99.1% (98.5 to 99.5) All 3 algorithms had similar

0/2h and NPV 99.8% (99.6 to specificities and positive

0/3h 99.9) for ruling out AMI. predictive values for ruling

0/2h98.6% (97.2t0 99.3) in AMI.
and NPV 99.6% (99.4 to

99.8).

0/3h 93.7% (87.4 to 97.0)

and NPV 98.7% (97.7 to

99.3).

hs-cTnl=high-sensitivity cardiac troponin I; hs-cTnT=high-sensitivity cardiac troponin; AMI=acute myocardial infarction; Ml=myocardial infarction; CAD=coronary artery disease; NPV=negative

predictive value

with non-obstructive coronary arteries is associated
with increased cardiovascular risk, necessitating
early recognition and management.!**''® Ischemia
with non-obstructive coronary arteries and non-
occlusion myocardial infarction involve ischemia
without large arterial blockages, but ischemia with
non-obstructive coronary arteries is focused on
chronic ischemia owing to microvascular disease,
and non-occlusion myocardial infarction involves
acute myocardial infarction owing to other causes
such as oxygen supply/demand imbalance in
conditions such as sepsis.

ACS presentation in women
Despite declines in cardiovascular disease in
recent decades, younger women (<55 years of age)
experience increased mortality. Women have a
longer time from symptom onset to presentation and
are less likely to receive diagnostic testing such as
electrocardiogram and troponins.'*’ 2

In a study of 54138 patients with chest pain,
women were 18% less likely to be triaged as urgent,
16% less likely to be examined by a physician within
one hour, 20% less likely to have troponins measured,

thelbmj | BMJ2025;388:r136 | doi: 10.1136/bmj-r136

and 36% less likely to be admitted to a specialized
care unit. Women had a 35% higher risk of death in
the emergency department and a 36% higher risk of
death during the index hospitalisation.'?* Another
study of 136247 patients presenting from 1993 to
2006 with ACS (28% women) found mortality rates
of 9.6% in women compared with 5.3% in men (odds
ratio 1.91; 95% confidence interval 1.83 to 2.00).
The authors attributed these differences to clinical
presentation and severity of coronary disease.'??
Other studies, like a retrospective assessment of the
HEART score in 831 women and 1084 men reported
a higher risk of major adverse cardiac events at
six weeks in men across all HEART risk categories
compared with women.'??

Women with ACS experience worse outcomes
than men, including higher patient and system
delays and less aggressive treatment.''® Women
have smaller coronary arteries and higher baseline
myocardial blood flow, and have different coronary
plaque characteristics (more diffuse, non-
obstructive, and reduced overall plaque burden).
Risk factors like hypertension, diabetes, and
smoking, along with non-traditional factors such
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Ischemic heart disease

A

(

Stable coronary syndrome

—

Obstructive coronary Ischemia with
artery disease non-obstructive
coronary arteries

)

Acute coronary syndrome

(

Myocardial infarction
with non-obstructive
coronary arteries

Unstable angina, non-ST-segment elevation mocardial infarction, ST-segment elevation
mocardial infarction, non-occlusion mocardial infarction, occlusion myocardial infarction

Fig 7 | Nomenclature and classification of stable versus acute coronary syndrome

as psychosocial stress and socioeconomic status,
impact women differently. Risks specific to women,
including menopause, pregnancy, and hormonal
changes, affect cardiovascular risk. Women are
more likely to experience microvascular angina,
spontaneous coronary artery dissection, and
Takotsubo cardiomyopathy.''® Sex-based troponin
cut-offs reflect these physiological differences.
Historical focus on men in clinical research has led
to the exclusion of women from many trials. Current
guidelines and risk stratification tools, primarily
based on men, could lead to under-treatment
in women. Unconscious bias can affect clinical
judgment, influencing pain assessment, diagnostic
testing, and treatment decisions. Women, especially
younger ones, have worse outcomes after ACS and
face higher risks of bleeding and complications
during revascularization procedures.'*®

ACS presentation in older patients

Clinicians should have a low threshold for obtaining
an electrocardiogram in older patients even in the
absence of common cardiovascular symptoms.'**
Presentations like falls, syncope, or nausea can be
manifestations of ACS in older adults. A study of 558
older adults (median age 83) presenting with ground
level fall found elevated hs-cTnT levels in 68.8%
and elevated hs-cTnl levels in 15.4%. The incidence
of AMI was 0.5%, concluding that falls are not a
common presenting feature of AMI and discourages
routine troponin testing in this population. However,
elevated troponin was predictive of 30 day and one
year mortality."?®> Owing to the higher prevalence of
comorbidities, a thorough assessment is necessary to
differentiate between cardiac and non-cardiac causes
of chest pain in older patients. The use of structured
risk assessment tools ensures that diagnostic testing
is targeted to those most likely to benefit.' Ina HEART
pathway implementation study, 8474 patients
categorized as older adults >65 years (26.9%),
middle aged (45.5%), and young (27.5%), revealed
that only 7.4% of older adults were identified as low
risk compared with 32.0% of middle aged and 51.4%
of young patients. The pathway demonstrated high
sensitivity (98.8%) for predicting 30 day death or
myocardial infarction in older adults, but it did not

reduce their hospitalization rates and was associated
with increased cardiac testing. The findings suggest
that the HEART pathway is less effective at identifying
older adults at low risk and has limited impact on
their hospitalization outcomes.?®

What do the patients want their doctors to know?
Patient involvement in medical decision making is
an ethical and a legal imperative. Medical decisions
are based in part on individuals’ knowledge and
acceptance of risk of adverse events.'® In a study
presenting a hypothetical scenario to patients with
acute chest pain and a group of physicians, 43% of
patients preferred discharge, compared with 3% of
physicians, with patients underestimating the risks
associated with the decision.'?” Another survey study
demonstrated difficulty with risk estimation,'*® and
substantial variation in patients’ reported tolerance
for adverse events from emergency department
chest pain.'* *° A cross sectional study on patient
preferences for diagnostic testing in the emergency
department demonstrated patient preferences
differed noticeably across levels of risk, benefit, and
cost of diagnostic testing. Cost was the strongest and
most consistent factor associated with decreased
desire for testing.'*!

A survey conducted in patients with low risk
chest pain presented a hypothetical value for the
risk of adverse outcome that could be decreased by
hospitalization and asked them to identify the risk
threshold at which they preferred admission versus
discharge. Measurement of patients’ risk tolerance or
methods of shared decision making not dependent
on assessment of risk tolerance is needed.'?®

The European Society of Cardiology guidelines
recommend patient-centered care by assessing and
adhering to individual patient preferences, needs,
and beliefs, ensuring that patient values are used
to inform all clinical decisions. The guidelines
recommend including patients in decision making
and to inform them about the risk of adverse
events, radiation exposure, and alternative options.
Decision aids should be used to facilitate the
discussion, and patient discharge information
should be provided in both written and verbal
formats before discharge.?”
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saibojouyoal Jejiwis pue ‘Buluresy | ‘Buiuiw elep pue 1xa) 01 pale|al sasn 1o} Buipnjoul ‘1ybliAdos Aq paloaloid
"1sanb Aq Gzoz |11dV TT U0 /WO lwg mmmy/:sdiy woJly papeojumoq "G20z YoIew 8z uo 9eT. [wag/9eTT 0T Se paystignd s (NG


https://www.bmj.com/

STATE OF THE ART REVIEW

Box 5: What do the patients want their doctors to know?

Patient involvement in medical decision making is an ethical and a legal imperative.
Medical decisions are based in part on individuals’ knowledge and acceptance of
risk of adverse events.’® In a study presenting a hypothetical scenario to patients
with acute chest pain and a group of physicians, 43% of patients preferred discharge,
compared with 3% of physicians, with patients underestimating the risks associated
with the decision."®” Another survey study demonstrated difficulty with risk
estimation,'?® and substantial variation in patients’ reported tolerance for adverse
events from emergency department chest pain.’??>° A cross sectional study on
patient preferences for diagnostic testing in the emergency department demonstrated
patient preferences differed noticeably across levels of risk, benefit, and cost of
diagnostic testing. Cost was the strongest and most consistent factor associated with
decreased desire for testing.'>*

A survey conducted in patients with low risk chest pain presented a hypothetical
value forthe risk of adverse outcome that could be decreased by hospitalization and
asked them to identify the risk threshold at which they preferred admission versus
discharge. Measurement of patients’ risk tolerance or methods of shared decision
making not dependent on assessment of risk tolerance is needed.*?

The European Society of Cardiology guidelines recommend patient-centered care
by assessing and adhering to individual patient preferences, needs, and beliefs,
ensuring that patient values are used to inform all clinical decisions. The guidelines
recommend including patients in decision making and informing them about the risk
of adverse events, radiation exposure, and alternative options. Decision aids should
be used to facilitate the discussion, and patient discharge information should be
provided in both written and verbal formats before discharge.®”

One patient with lived experience of chest pain and multiple presentations to
the emergency department emphasized the following key points regarding care for
individuals with chest pain:

— Coordination of care: It’s important to clearly define responsibilities between
healthcare providers and patients. This includes organizing tests, sendingin
results, and ensuring proper follow-up (ie, who follows up on a stress test result).
Knowing what to expect in the emergency department visit and after dismissal was
important to patients.

- Quality of life: The impact of treatments, particularly medications, on daily life
should be discussed. Forinstance, one patient highlighted how beta-blockers and
blood thinners affected their quality of life by increasing their fear of falling, or how
beta-blockers increased dizziness.

— Costand convenience: Consideration of the financial burden and time required
fortreatments is important to patients. Patients want to be informed about costs,
insurance coverage, and the practicalities of accessing care, especially in rural
areas.

— Clearcommunication: Healthcare providers must ensure that patients fully
understand the risk, benefits, and alternatives of the medical decisions, including
long term effects and potential side effects of medications. Patients highlighted
the importance of discharge instructions to understand what had happened in the
emergency department encounter, and what to do if the chest pain returns.

These points emphasize the importance of patient centered care, where
communication, understanding, and flexibility are prioritized to improve overall
treatment experiences.

Emerging treatments

Advances in pre-hospital alert systems, point of care
troponin assays, wearable devices, shared decision
making, non-invasive imaging strategies, artificial
intelligence, and big data applications promise to
improve management of patients with chest pain.'3?

Artificial intelligence and precision medicine
Artificial intelligence and machine learning tools are
being developed to enhance risk stratification and

thelbmj | BMJ2025;388:r136 | doi: 10.1136/bmj-r136

guide clinical decision making. These technologies
can analyze large datasets, including patient
history, biomarkers, and imaging results, to predict
outcomes and optimize treatment strategies. Recent
research has also begun to explore the role of using
artificial intelligence to detect regional wall motion
abnormalities on point of care ultrasound.*?* ** This
offers a promising role for detecting subtle signs of
myocardial injury not captured via electrocardiogram
or visual assessment, but it must be used with
caution as accuracy can vary across algorithms and
devices."*

A review of machine learning in stress
electrocardiogram  improved  sensitivity and
specificity to over 96% and reduced false positives by
up to 21%. Natural language processing also helped
categorize stress echocardiography reports with
nearly 98% accuracy.'*® A study comparing artificial
intelligence recommendations with cardiologists’
decisions for 102 patients found good agreement for
patients with high and low risk chest pain, but less
agreement for patients with intermediate risk chest
pain.'®’

Point of care devices

New devices that provide rapid access to vital signs
and electrocardiogram data before first medical
contact are being explored. These tools aim to
improve the speed and accuracy of ACS diagnosis
and management. Point of care troponin testing
devices are undergoing clinical trials with the aim
to accelerate clinical decision making, improve
emergency department efficiency, and reduce
unnecessary hospital admissions. Point of care
testing might be especially beneficial in settings that
are remote or have limited resources, including pre-
hospital settings.**®

Guidelines

Clinical guidelines aim to summarize the best
evidence and guide practice while decreasing
practice variability. Guidelines for acute chest pain
have the potential to shorten emergency department
length of stay and time to diagnosis, reduce practice
variation and standardize the use of serial biomarker,
cardiac risk stratification, and advanced cardiac
testing.

The most current guidelines are the European
Society of Cardiology guidelines for the evaluation
and management of acute chest pain.’” These
guidelines emphasize a structured approach
incorporating diagnostic pathways, timing of serial
troponin measurements, and risk stratification. They
recommend the use of the 0/1 hour or 0/2 hour hs-
cTn algorithms for the rapid rule out and rule in of
non-ST-elevation myocardial infarction.” 3% 40
Critiques to this algorithm include that it does not
differentiate risk based on known CAD.*® Supporters
of the algorithm report that it is helpful even in
patients presenting early (defined as within 3 hours
of chest pain).**! Changes in the 2023 version include
the consideration of using coronary computed
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Table 7 | Summary of clinical guidelines for approach to patients with chest pain in the emergency department

Class of recommendation/

Population Recommendation level of evidence*
European Society of Cardiology 2023*’
Acute chest pain Use of clinical history, symptoms, vital signs, other physical findings, ECG, and hs-cTn I/B

12-lead ECG recording and interpretation is recommended as soon as possible (target of <10 I/B

min)

An additional 12-lead ECG is recommended in cases with recurrent symptoms or diagnostic I/C

uncertainty

Use an ESC algorithmic approach with serial hs-cTn measurements (0/1 h or 0/2 h) to rule in and 1/B
rule out NSTEMI

Additional testing after 3 h is recommended if the first two hs-cTn measurements of the 0/1 h I/B
algorithm are inconclusive and no alternative diagnoses explaining the condition have been

made

The use of established risk scores (eg, GRACE risk score) for prognosis estimation should be 11/B
considered

In patients with suspected acute coronary syndrome, non-elevated (or uncertain) hs-cTn levels,  II/A

no ECG changes and no recurrence of pain, incorporating CCTA or a non-invasive stress imaging
test as part of the initial workup should be considered

Routine, early CCTA in patients with suspected acute coronary syndrome is not recommended 111/B

American College of Emergency Physicians clinical policy 2018

In adults without STEMI, can risk stratification The HEART score can be used for risk stratification. A low score (<3) predicts a 30-day MACE miss Moderate certainty/B

be used to predict a low rate of 30-day
MACE?

rate of 0% to 2%

Other tools for risk stratification, such as TIMI, can be used to predict a rate of 30-day major Low certainty/C
adverse cardiac event

Can troponin testing within 3 hours be used
to predict a low rate of 30-day MACE?

Conventional troponin testing at 0 h and 3 h among patients at low risk (HEART <3) can predict  Low certainty/C
an acceptable low rate of 30-day MACE

A single hs-cTn result below the level of detection, or negative serial hs-cTn results at O hand 2 h

is predictive of a low rate of MACE

In adult patients in whom acute myocardial
infarction has been excluded, does further
diagnostic testing in the emergency
department (eg, stress test, CCTA) reduce
30-day MACE?

Do not routinely use further diagnostic testing before discharge in low-risk patients in whom Moderate certainty/B
myocardial infarction has been ruled out
Follow-up in 1 to 2 weeks for patients at low risk. If no follow-up is available, consider further Low certainty/C

testing or observation before discharge

GRACE-1 Guidelines 2021°

Recurrent, low-risk chest pain (HEART <4)

Use a single hs-cTn below the validated threshold to exclude acute coronary syndrome if painis ~ Conditional/Low
present for >3 hours

Recurrent, low-risk chest pain with normal Avoid routine repeat stress testing to reduce rates of MACE at 30 days Conditional/Low
functional stress test within prior 12 months

Recurrent, low-risk chest pain with non- Suggest referral for expedited outpatient testing rather than inpatient evaluation Conditional/Low
obstructive CAD (<50% stenosis) on prior

angiography

Recurrent, low-risk chest pain prior CTCA (<2 No further testing other than a single hs-cTn below threshold to exclude acute coronary Conditional/Moderate

years, no stenosis)

syndrome within the 2 year timeframe

American Heart Association (AHA)/ American College of Cardiology (ACC) Guidelines 2021’

Acute chest pain Use hs-cTn, structured risk assessment, and clinical decision pathways I/B
Acute or stable chest pain in low-risk patients Discharge home without urgent cardiac testing 11/B
Intermediate-risk chest pain without known  Use CCTA to exclude atherosclerotic plague and obstructive CAD I/A
CAD

Intermediate-risk chest pain without known  Functional stress testing (eg, stress echocardiography) for diagnosing myocardial ischemia I/B

CAD

Clinically stable patients with acute chest
pain

Incorporate patients in decision making; discuss risks, costs, radiation exposure, and alternatives /B

Asia-Pacific Society of Cardiology Guidelines 2020'*

Suspected acute coronary syndrome Apply hs-cTnT rapid algorithm for single/serial measurements to rule out/in acute coronary Strong recommendation/A
syndrome
Rule out Acute myocardial infarction if initial hs-TnT <5 ng/L Strong recommendation/A
Initial hs-TnT <12 ng/L at 0 h and an increase of <3 ng/L after 1-3 h Strong recommendation/A
Consider clinical assessment and/or the use of a validated risk score alongside hs-TnT to inform  Strong recommendation/C
the decision to discharge and/or follow-up in the outpatient setting
Rule in If initial hs-TnT>70 ng/L" or if initial hs-TnT of 5-70 ng/L" with an increase of 5 ng/L at 1-3 h Intermediate
recommendation/B
Consider early coronary angiography for individuals stratified to the rule-in group Strong recommendation/A
ACC Consensus decision pathway 2022°*
Acute chest pain in the emergency Utilize HEART, modified HEART, EDACS, or other scoring systems alongside rapid rule-out Based on AHA/ACC 2021 and
department algorithms other guidelines

American College of Radiology Appropriateness Criteria 2020’

Suspected acute coronary syndrome

Appropriateness of imaging tests guided by patient risk stratification Varies

*Class I=recommended or indicated, lI=should be considered, Ill=not recommended. Level A=data from multiple randomized clinical trials or meta-analyses, B=data derived from a single
randomized clinical trial or large non-randomized study, C=consensus opinion of the experts and/or small studies, retrospective studies, registries.

tLow risk was defined by HEART score <4 and other scores validated in the emergency department setting such as the HEART pathway or TIMI score for outcomes within 30 days.
ECG=electrocardiogram; hs-cTn=high-sensitivity cardiac troponin; NSTEMI=non-ST segment elevation myocardial infarction; GRACE=Guidelines for Reasonable and Appropriate Care in the
Emergency Department; CCTA=coronary computed tomography angiography; STEMI=ST segment elevation myocardial infarction; MACE=major adverse cardiac event; HEART=history, ECG, age, risk
factors, troponin; CAD=coronary artery disease; TIMI=thrombolysis in acute myocardial infarction; EDACS=emergency department assessment of chest pain score
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tomography angiography or a non-invasive stress
imaging test as part of the initial workup in patients
with normal hs-cTn, no electrocardiogram changes
and no recurrence of pain (previous guidelines
recommended testing).

Table 7 summarizes the 2021 AHA/ACC/ASE/
CHEST/SAEM/SCCT/SCMR  Guideline for the
Evaluation and Diagnosis of Chest Pain emergency
department recommendations.! Changes in this
guideline include that patients with a low (<1%) risk
of death or major cardiac events within 30 days do
not require stress testing or cardiac imaging. Previous
guidelines recommended non-invasive stress testing
within 72 hours for all patients presenting with acute
chest pain. Also, for those at intermediate risk and no
known coronary artery disease, the decision to use
anatomical or functional advanced cardiac imaging
after a negative ACS workup should be guided by
local availability, expertise, and patient preference.

The American College of Emergency Physician
Clinical Policy on valuation and Management of
Patients with Suspected non-ST-elevation myocardial
infarction and Guidelines for Reasonable and
Appropriate Care in the Emergency Department-1
guidelines from the Society of Academic Emergency
Medicine are summarized in table 7.*? Guidelines
for Reasonable and Appropriate Care in the
Emergency Department-1 guidelines are focused on
patients with recurrent low risk chest pain and add
that if a previous imaging or stress test is reassuring,
a single troponin value below the validated threshold
is enough to rule out ACS. Similarly to the European
Society of Cardiology, these guidelines recommend
screening for depression and anxiety among those
with recurrent emergency department visits for chest
pain and negative workup.’

Both the American Heart Association/American
College of Cardiology guidelines and the European
Society of Cardiology guidelines recommend a risk
based approach to angiography with early invasive
strategies for patients at high risk including those
with ongoing chest pain, dynamic electrocardiogram
changes, hemodynamic instability, or life threatening
arrhythmias.

Conclusion

Chest pain is a common complaint in emergency
departments worldwide. Ruling out ACS and other life
threatening conditions is a cornerstone of emergency
medicine practice. The initial evaluation includes
an electrocardiogram, and a minority of patients
with ACS will have ST-segment elevation myocardial
infarction. Anischemicelectrocardiogramisuseful for
ruling in ACS, but a non-ischemic electrocardiogram
is not useful in ruling out the diagnosis. The
remainder of these patients have non-ST-elevation
myocardial infarction, unstable angina, or non-
cardiac chest pain, and differentiating between ACS
and non-cardiac chest pain is the next step. Initial
and serial high-sensitivity troponin measurements,
combined with structured risk assessment tools
such as the HEART score, help clinicians identify
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STATE OF THE ART REVIEW

QUESTIONS FOR FUTURE RESEARCH

e What are the optimal diagnostic pathways for
patients with intermediate risk chest pain, and
how can these pathways be improved to reduce
unnecessary testing while maintaining high
diagnostic accuracy?

* How can sex-specific differences in ACS presentation
be betterintegrated into clinical decision making
tools to improve early detection and treatment
outcomes forwomen?

e Whatis the clinical utility of integrating artificial
intelligence and machine learning models with high-
sensitivity cardiac troponin testing in the emergency
department for predicting adverse cardiac events?

¢ How can the management of patients with elevated
troponin levels but no evidence of obstructive
coronary artery disease (eg, ischemia with non-
obstructive coronary arteries and non-occlusion
myocardial infarction) be optimized to improve long
term cardiovascular outcomes?

HOW PATIENTS WERE INVOLVED IN CREATION OF
THIS ARTICLE

We discussed this article with a patient with lived
experiences and who had presented to the emergency
department several times as a patientand as a
caregiver. They have experience in both the US and

UK healthcare systems. They stressed the importance
of clear coordination of care, where responsibilities
between healthcare providers and patients are well
defined, particularly regarding organizing tests,
reporting results, and follow-up. They highlighted

the need to considerthe impact of treatments on
quality of life, including the practical and emotional
effects of medications (ie, starting beta blockers or
anticoagulants); the importance of addressing cost
and time involved, ensuring patients are informed
about financial and logistical aspects of their care and
the importance of clear dismissal instructions. Also,
three of the authors worked with patients with lived
experiences of chest pain during the writing of a clinical
guideline formanagement of low risk chest pain. Their
voices are reflected in box 5.

patients who require further investigation and guide
appropriate management. In patients at low risk,
routine diagnostic testing is unnecessary, and the
focus should be on addressing modifiable risk factors
and ensuring appropriate follow-up. For patients at
intermediate and high risk, further testing, including
cardiac imaging, might be necessary to rule in or
rule out ACS and guide treatment decisions. Patient
involvement in decision making is crucial, with a
clear discussion of risks, benefits, and alternatives
to facilitate informed choices. The interpretation of
high-sensitivity troponin levels should be nuanced,
acknowledging that elevations could indicate
conditions other than ACS. Proper follow-up and
management of these patients is essential to improve
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long term outcomes. Overall, the evaluation of chest
pain in the emergency department should be guided
by an evidence based approach that prioritizes
patient safety, minimizes unnecessary interventions,
and optimizes clinical outcomes.

We thank Dr Colin O’Shea for providing the electrocardiograms
included in this manuscript, Ms Dana J Gerberi, MLIS for conducting
the literature search, and Ms Trish Sarson for sharing her experience in
the healthcare system.

Competing interests: We have read and understood the BMJ policy
on declaration of interests and declare the following interests: MT
received research funding, honorariums and consultancy fees from
Abbott, Beckman, Ortho-Quidel, Radiometer, Roche, and Siemens.
RB received research grants from Siemens Healthineers, Roche
Diagnostics, and Abbott Point of Care, and has consulted for Roche,
Siemens, Abbott, Beckman Coulter, Singulex, Creavo, Aptamer Group,
LumiraDx, and Radiometer.

Provenance and peer review: Commissioned; externally peer
reviewed.

10

Gulati M, Levy PD, Mukherjee D, et al. 2021 AHA/ACC/ASE/CHEST/
SAEM/SCCT/SCMR Guideline for the Evaluation and Diagnosis of
Chest Pain: Executive Summary: A Report of the American College of
Cardiology/American Heart Association Joint Committee on Clinical
Practice Guidelines. Circulation 2021;144:€368-454. doi:10.1161/
CIR.0000000000001030.

Chang HJ, Lin FY, Lee SE, et al. Coronary Atherosclerotic Precursors
of Acute Coronary Syndromes. / Am Coll Cardiol 2018;71:2511-22.
doi:10.1016/j.jacc.2018.02.079.

Mahler SA, Riley RF, Hiestand BC, et al. The HEART Pathway randomized
trial: identifying emergency department patients with acute chest pain
for early discharge. Circ Cardiovasc Qual Outcomes 2015;8:195-203.
doi:10.1161/CIRCOUTCOMES.114.001384.

Mahler SA, Lenoir KM, Wells BJ, et al. Safely Identifying

Emergency Department Patients With Acute Chest Pain for

Early Discharge. Circulation 2018;138:2456-68. d0i:10.1161/
RCULATIONAHA.118.036528.

Hollander JE, Blomkalns AL, Brogan GX, et al, Multidisciplinary
Standardized Reporting Criteria Task ForceStandardized Reporting
Criteria Working Group of Emergency Medicine Cardiac Research and
Education Group-International. Standardized reporting guidelines
for studies evaluating risk stratification of emergency department
patients with potential acute coronary syndromes. Ann Emerg

Med 2004;44:589-98. doi:10.1016/j.annemergmed.2004.08.009.
Anderson JL, Adams CD, Antman EM, et al, American College of
CardiologyAmerican Heart Association Task Force on Practice
Guidelines (Writing Committee to Revise the 2002 Guidelines

for the Management of Patients With Unstable Angina/
Non-ST-Elevation Myocardial Infarction)American College of
Emergency PhysiciansSociety for Cardiovascular Angiography and
InterventionsSociety of Thoracic SurgeonsAmerican Association of
Cardiovascular and Pulmonary RehabilitationSociety for Academic
Emergency Medicine. ACC/AHA 2007 guidelines for the management
of patients with unstable angina/non-ST-Elevation myocardial
infarction: a report of the American College of Cardiology/American
Heart Association Task Force on Practice Guidelines (Writing
Committee to Revise the 2002 Guidelines for the Management

of Patients With Unstable Angina/Non-ST-Elevation Myocardial
Infarction) developed in collaboration with the American College of
Emergency Physicians, the Society for Cardiovascular Angiography
and Interventions, and the Society of Thoracic Surgeons endorsed
by the American Association of Cardiovascular and Pulmonary
Rehabilitation and the Society for Academic Emergency Medicine. /
Am Coll Cardiol 2007;50:e1-157. doi:10.1016/].jacc.2007.02.013.
Cairns C, Kang K. National Hospital Ambulatory Medical Care Survey:
2021 emergency department summary tables. https://ftp.cdc.gov/
pub/Health_Statistics/NCHS/Dataset_Documentation/NHAMCS/
doc21-ed-508.pdf

Tsao CW, Aday AW, Almarzooq ZI, et al, American Heart Association
Council on Epidemiology and Prevention Statistics Committee

and Stroke Statistics Subcommittee. Heart Disease and Stroke
Statistics-2023 Update: A Report From the American Heart
Association. Circulation 2023;147:€93-621. doi:10.1161/
CIR.0000000000001123.

Musey PIJr, Bellolio F, Upadhye S, et al. Guidelines for reasonable and
appropriate care in the emergency department (GRACE): Recurrent,
low-risk chest pain in the emergency department. Acad Emerg

Med 2021;28:718-44. doi:10.1111/acem.14296.

Aalam AA, Alsabban A, Pines JM. National trends in chest pain

visits in US emergency departments (2006-2016). Emerg Med
/2020;37:696-9. doi:10.1136/emermed-2020-210306.

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

Batlle JC, Kirsch J, Bolen MA, et al, Expert Panel on Cardiac Imaging.
ACR Appropriateness Criteria® Chest Pain-Possible Acute Coronary
Syndrome. J Am Coll Radiol 2020;17(55):555-69. doi:10.1016/j.
jacr.2020.01.027.

Martin SS, Aday AW, Almarzooq ZI, et al, American Heart Association
Council on Epidemiology and Prevention Statistics Committee and
Stroke Statistics Subcommittee. 2024 Heart Disease and Stroke
Statistics: A Report of US and Global Data From the American

Heart Association. Circulation 2024;149:e347-913. do0i:10.1161/
CIR.0000000000001209.

Nestler DM, Gilani WI, Anderson RT, et al. Does gender bias in
cardiac stress testing still exist? A videographic analysis nested in

a randomized controlled trial. Am J Emerg Med 2017;35:29-35.
doi:10.1016/j.ajem.2016.09.054.

Simoni AH, Frydenlund J, Kragholm KH, Baggild H, Jensen SE, Johnsen
SP. Socioeconomic inequity in incidence, outcomes and care for acute
coronary syndrome: A systematic review. IntJ Cardiol 2022;356:19-
29.doi:10.1016/j.ijcard.2022.03.053.

Safford MM, Reshetnyak E, Sterling MR, et al. Number of Social
Determinants of Health and Fatal and Nonfatal Incident Coronary
Heart Disease in the REGARDS Study. Circulation 2021;143:244-53.
doi:10.1161/CIRCULATIONAHA.120.048026.

Reinhardt SW, Lin CJ, Novak E, Brown DL. Noninvasive Cardiac
Testing vs Clinical Evaluation Alone in Acute Chest Pain: A Secondary
Analysis of the ROMICAT-Il Randomized Clinical Trial. JAMA Intern
Med 2018;178:212-9. doi:10.1001/jamainternmed.2017.7360.
Sandhu AT, Heidenreich PA, Bhattacharya J, Bundorf MK.
Cardiovascular Testing and Clinical Outcomes in Emergency
Department Patients With Chest Pain. JAMA Intern

Med 2017;177:1175-82. doi:10.1001/jamainternmed.2017.2432.
Morris JR, Bellolio MF, Sangaralingham LR, et al. Comparative Trends
and Downstream Outcomes of Coronary Computed Tomography
Angiography and Cardiac Stress Testing in Emergency Department
Patients With Chest Pain: An Administrative Claims Analysis. Acad
Emerg Med 2016;23:1022-30. doi:10.1111/acem.13005.

Body R, Carley S, Wibberley C, McDowell G, Ferguson J, Mackway-
Jones K. The value of symptoms and signs in the emergent diagnosis
of acute coronary syndromes. Resuscitation 2010;81:281-6.
doi:10.1016/j.resuscitation.2009.11.014.

Body R, Cook G, Burrows G, Carley S, Lewis PS. Can emergency
physicians ‘rule in” and ‘rule out’ acute myocardial infarction with
clinical judgement?. Emerg Med J 2014;31:872-6. d0i:10.1136/
emermed-2014-203832.

Body R, Lewis PS, Carley S, Burrows G, Haves B, Cook G. Chest

pain: if it hurts a lot, is heart attack more likely?. Eur J Emerg

Med 2016;23:89-94. d0i:10.1097/MEJ.0000000000000218.
Body R, McDowell G, Carley S, Mackway-Jones K. Do risk factors for
chronic coronary heart disease help diagnose acute myocardial
infarction in the Emergency Department?. Resuscitation 2008;79:41-
5.doi:10.1016/j.resuscitation.2008.06.009.

Fanaroff AC, Rymer JA, Goldstein SA, Simel DL, Newby LK. Does

This Patient With Chest Pain Have Acute Coronary Syndrome?:

The Rational Clinical Examination Systematic Review.

JAMA 2015;314:1955-65. d0i:10.1001/jama.2015.12735.

Hess EP, Brison RJ, Perry JJ, et al. Development of a clinical
prediction rule for 30-day cardiac events in emergency

department patients with chest pain and possible acute coronary
syndrome. Ann Emerg Med 2012;59:115-25.e1. d0i:10.1016/j.
annemergmed.2011.07.026.

Koechlin L, Strebel I, Zimmermann T, et al, APACE investigators.
Hyperacute T Wave in the Early Diagnosis of Acute Myocardial
Infarction. Ann Emerg Med 2023;82:194-202. doi:10.1016/].
annemergmed.2022.12.003.

de Alencar Neto JN, Scheffer MK, Correia BP, Franchini KG, Felicioni
SP, De Marchi MFN. Systematic review and meta-analysis of
diagnostic test accuracy of ST-segment elevation for acute coronary
occlusion. Int/ Cardiol 2024;402:131889. doi:10.1016/j.
jjcard.2024.131889.

de Bliek EC. ST elevation: Differential diagnosis and caveats. A
comprehensive review to help distinguish ST elevation myocardial
infarction from nonischemic etiologies of ST elevation. Turk ] Emerg
Med 2018;18:1-10. d0i:10.1016/j.tjem.2018.01.008.

Neeland 1), Kontos MC, de Lemos JA. Evolving considerations in

the management of patients with left bundle branch block and
suspected myocardial infarction. / Am Coll Cardiol 2012;60:96-105.
doi:10.1016/j.jacc.2012.02.054.

Di Marco A, Rodriguez M, Cinca J, et al. New Electrocardiographic
Algorithm for the Diagnosis of Acute Myocardial Infarction in Patients
With Left Bundle Branch Block. / Am Heart Assoc 2020;9:e015573.
doi:10.1161/JAHA.119.015573.

Smith SW, Dodd KW, Henry TD, Dvorak DM, Pearce LA. Diagnosis

of ST-elevation myocardial infarction in the presence of left bundle
branch block with the ST-elevation to S-wave ratio in a modified
Sgarbossa rule. Ann Emerg Med 2012;60:766-76. doi:10.1016/j.
annemergmed.2012.07.119.

doi: 10.1136/bmj-r136 | BMJ 2025;388:r136 | thebmj

saibojouyoal Jejiwis pue ‘Buluresy | ‘Buiuiw elep pue 1xa) 01 pale|al sasn 1o} Buipnjoul ‘1ybliAdos Aq paloaloid
"1sanb Aq Gzoz |11dV TT U0 /WO [wg mmmy/:sdily woJly papeojumoq "G20z Yotew 8z uo 9eT. [wag/9eTT 0T Se paysiignd sy (rINg


https://ftp.cdc.gov/pub/Health_Statistics/NCHS/Dataset_Documentation/NHAMCS/doc21-ed-508.pdf
https://ftp.cdc.gov/pub/Health_Statistics/NCHS/Dataset_Documentation/NHAMCS/doc21-ed-508.pdf
https://ftp.cdc.gov/pub/Health_Statistics/NCHS/Dataset_Documentation/NHAMCS/doc21-ed-508.pdf
https://www.bmj.com/

STATE OF THE ART REVIEW

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

Lindow T, Mokhtari A, Nystrom A, Koul S, Smith SW, Ekelund

U. Comparison of diagnostic accuracy of current left bundle

branch block and ventricular pacing ECG criteria for detection of
occlusion myocardial infarction. IntJ Cardiol 2024;395:131569.
doi:10.1016/j.ijcard.2023.131569.

Garg P, Morris P, Fazlanie AL, et al. Cardiac biomarkers of acute
coronary syndrome: from history to high-sensitivity cardiac troponin.
Intern Emerg Med 2017;12:147-55. d0i:10.1007/s11739-017-
1612-1.

Body R, Burrows G, Carley S, Lewis PS. Rapid exclusion of acute
myocardial infarction in patients with undetectable troponin using
a sensitive troponin | assay. Ann Clin Biochem 2015;52:543-9.
doi:10.1177/0004563215576976.

Body R, Burrows G, Carley S, et al. High-sensitivity cardiac

troponin t concentrations below the limit of detection to exclude
acute myocardial infarction: a prospective evaluation. Clin

Chem 2015;61:983-9. doi:10.1373/clinchem.2014.231530.
Body R, Mueller C, Giannitsis E, et al, TRAPID-AMI Investigators. The
Use of Very Low Concentrations of High-sensitivity Troponin T to
Rule Out Acute Myocardial Infarction Using a Single Blood Test. Acad
Emerg Med 2016;23:1004-13. doi:10.1111/acem.13012.

Body R, Boachie C, McConnachie A, Carley S, Van Den Berg P, Lecky
FE. Feasibility of the Manchester Acute Coronary Syndromes (MACS)
decision rule to safely reduce unnecessary hospital admissions: a
pilot randomised controlled trial. Emerg Med  2017;34:586-92.
doi:10.1136/emermed-2016-206148.

Body R, Carley S, McDowell G, et al. The Manchester Acute Coronary
Syndromes (MACS) decision rule for suspected cardiac chest

pain: derivation and external validation. Heart 2014;100:1462-8.
doi:10.1136/heartjnl-2014-305564.

Kontos MC, de Lemos JA, Deitelzweig SB, et al, Writing Committee.
2022 ACC Expert Consensus Decision Pathway on the Evaluation
and Disposition of Acute Chest Pain in the Emergency Department: A
Report of the American College of Cardiology Solution Set Oversight
Committee. / Am Coll Cardiol 2022;80:1925-60. doi:10.1016/j.
jacc.2022.08.750.

The International Federation of Clinical Chemistry and Laboratory
Medicine. The International Federation of Clinical Chemistry and
Laboratory Medicine https://ifcc.org/

Lipinski MJ, Baker NC, Escarcega RO, et al. Comparison of
conventional and high-sensitivity troponin in patients with chest
pain: a collaborative meta-analysis. Am Heart/ 2015;169:6-16.e6.
doi:10.1016/j.ahj.2014.10.007.

Twerenbold R, Boeddinghaus J, Nestelberger T, et al. Clinical Use

of High-Sensitivity Cardiac Troponin in Patients With Suspected
Myocardial Infarction. / Am Coll Cardiol 2017;70:996-1012.
doi:10.1016/j.jacc.2017.07.718.

Boeddinghaus J, Nestelberger T, Twerenbold R, et al.

Direct Comparison of 4 Very Early Rule-Out Strategies for

Acute Myocardial Infarction Using High-Sensitivity Cardiac

Troponin . Circulation 2017;135:1597-611. d0i:10.1161/
CIRCULATIONAHA.116.025661.

Chiang CH, Chiang CH, Pickering JW, et al. Performance of the
European Society of Cardiology 0/1-Hour, 0/2-Hour, and 0/3-

Hour Algorithms for Rapid Triage of Acute Myocardial Infarction

: An International Collaborative Meta-analysis. Ann Intern

Med 2022;175:101-13. doi:10.7326/M21-1499.

Engstrom A, Mokhtari A, Ekelund U. Direct Comparison of the
European Society of Cardiology 0/1-Hour Vs. 0/2-Hour Algorithms
in Patients with Acute Chest Pain. J Emerg Med 2024;66:651-9.
doi:10.1016/j.jemermed.2024.02.004.

Burgos LM, Trivi M, Costabel JP. Performance of the European Society
of Cardiology 0/1-hour algorithm in the diagnosis of myocardial
infarction with high-sensitivity cardiac troponin: Systematic review
and meta-analysis. Eur Heart ] Acute Cardiovasc Care 2021;10:279-
86.doi:10.1177/2048872620935399.

Ashburn NP, Snavely AC, Allen BR, et al. Performance of the European
Society of Cardiology 0/1-hour algorithm with high-sensitivity
cardiac troponin T at 90 days among patients with known coronary
artery disease. Am J Emerg Med 2024;79:111-5. doi:10.1016/j.
ajem.2024.02.029.

Koechlin L, Boeddinghaus J, Nestelberger T, et al, APACE
investigators. Performance of the ESC 0/2h-algorithm using
high-sensitivity cardiac troponin I in the early diagnosis of
myocardial infarction. Am Heart 2021;242:132-7. doi:10.1016/].
ahj.2021.08.008.

Thygesen K, Alpert JS, Jaffe AS, et al, Executive Group on behalf of
the Joint European Society of Cardiology (ESC)/American College

of Cardiology (ACC)/American Heart Association (AHA)/World

Heart Federation (WHF) Task Force for the Universal Definition of
Myocardial Infarction. Fourth Universal Definition of Myocardial
Infarction (2018). Circulation 2018;138:€618-51.d0i:10.1161/
CIR.0000000000000617.

Chaulin AM. False-Positive Causes in Serum Cardiac Troponin Levels. /
Clin Med Res 2022;14:80-7. doi:10.14740/jocmr4664.

thelbmj | BMJ2025;388:r136 | doi: 10.1136/bmj-r136

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

Hammarsten O, Warner JV, Lam L, et al. Antibody-mediated
interferences affecting cardiac troponin assays: recommendations
from the IFCC Committee on Clinical Applications of Cardiac
Biomarkers. Clin Chem Lab Med 2023;61:1411-9. d0i:10.1515/
cclm-2023-0028.

Nevraumont A, Deltombe M, Favresse , et al. Interferences with
cardiac biomarker assays: understanding the clinical impact. Eur
Heart) 2022;43:2286-8. doi:10.1093/eurheartj/ehab924.

Jesse RL. On the relative value of an assay versus that of a test: a
history of troponin for the diagnosis of myocardial infarction. / Am
Coll Cardiol 2010;55:2125-8. doi:10.1016/}.jacc.2010.03.014.
Chapman AR, Shah ASV, Lee KK, et al. Long-Term Outcomes

in Patients With Type 2 Myocardial Infarction and Myocardial

Injury. Circulation 2018;137:1236-45. doi:10.1161/
CIRCULATIONAHA.117.031806.

Bularga A, Hung J, Daghem M, et al. Coronary Artery and Cardiac
Disease in Patients With Type 2 Myocardial Infarction: A Prospective
Cohort Study. Circulation 2022;145:1188-200. doi:10.1161/
CIRCULATIONAHA.121.058542.

Cyon L, Kadesjo E, Edgren G, Roos A. Acute Kidney Injury and
High-Sensitivity Cardiac Troponin T Levels in the Emergency
Department. JAMA Netw Open 2024;7:€2419602. doi:10.1001/
jamanetworkopen.2024.19602.

Hess EP, Perry J), Ladouceur P, Wells GA, Stiell IG. Derivation of a
clinical decision rule for chest radiography in emergency department
patients with chest pain and possible acute coronary syndrome.
CJEM 2010;12:128-34.doi:10.1017/5148180350001215X.

Hess EP, Thiruganasambandamoorthy V, Wells GA, et al. Diagnostic
accuracy of clinical prediction rules to exclude acute coronary
syndrome in the emergency department setting: a systematic review.
CJEM 2008;10:373-82. d0i:10.1017/5148180350001040X.
Labovitz AJ, Noble VE, Bierig M, et al. Focused cardiac ultrasound in
the emergent setting: a consensus statement of the American Society
of Echocardiography and American College of Emergency Physicians.
JAm Soc Echocardiogr 2010;23:1225-30. d0i:10.1016/j.
ech0.2010.10.005.

Baid H, Vempalli N, Kumar S, et al. Point of care ultrasound as

initial diagnostic tool in acute dyspnea patients in the emergency
department of a tertiary care center: diagnostic accuracy study. Int/
Emerg Med 2022;15:27.d0i:10.1186/512245-022-00430-8.
Greer C, Williams MC, Newby DE, Adamson PD. Role of computed
tomography cardiac angiography in acute chest pain syndromes.
Heart 2023;109:1350-6. doi:10.1136/heartjnl-2022-321360.
Shah R, Foldyna B, Hoffmann U. Outcomes of anatomical vs.
functional testing for coronary artery disease : Lessons from the
PROMISE trial. Herz 2016;41:384-90. doi:10.1007/s00059-016-
4451-3.

Barbosa MF, Canan A, XiY, et al. Comparative Effectiveness of
Coronary CT Angiography and Standard of Care for Evaluating Acute
Chest Pain: A Living Systematic Review and Meta-Analysis. Radiol
Cardiothorac Imaging 2023;5:€230022. doi:10.1148/ryct.230022.
Pellikka PA, Arruda-Olson A, Chaudhry FA, et al. Guidelines

for Performance, Interpretation, and Application of Stress
Echocardiography in Ischemic Heart Disease: From the American
Society of Echocardiography. / Am Soc Echocardiogr 2020;33:1-41.
€8.doi:10.1016/j.ech0.2019.07.001.

Banerjee A, Newman DR, Van den Bruel A, Heneghan C. Diagnostic
accuracy of exercise stress testing for coronary artery disease: a
systematic review and meta-analysis of prospective studies. Int/ Clin
Pract 2012;66:477-92.d0i:10.1111/j.1742-1241.2012.02900.x.
Pontone G, Guaricci Al, Palmer SC, et al. Diagnostic performance

of non-invasive imaging for stable coronary artery disease: A
meta-analysis. /ntJ Cardiol 2020;300:276-81. doi:10.1016/j.
jjcard.2019.10.046.

Juarez-Orozco LE, Saraste A, Capodanno D, et al. Impact of a
decreasing pre-test probability on the performance of diagnostic
tests for coronary artery disease. Eur Heart | Cardiovasc

Imaging 2019;20:1198-207. doi:10.1093/ehijci/jez054.

Haase R, Schlattmann P, Gueret P, et al, COME-CCT Consortium.
Diagnosis of obstructive coronary artery disease using

computed tomography angiography in patients with stable

chest pain depending on clinical probability and in clinically
important subgroups: meta-analysis of individual patient data.

BMJ 2019;365:11945. doi:10.1136/bm;j.11945.

Zhang CYK, Dou A, Pandya BU, et al. Noninvasive Cardiac Testing
and Cardiovascular Outcomes for Low-Risk Chest Pain in the
Emergency Department: A Systematic Review and Meta-Analysis. C/C
Open 2024;6:1178-88. doi:10.1016/j.¢jc0.2024.06.009.

Body R, Carley S, McDowell G, Ferguson J, Mackway-Jones K. Can a
modified thrombolysis in myocardial infarction risk score outperform
the original for risk stratifying emergency department patients

with chest pain?. Emerg Med J 2009;26:95-9. d0i:10.1136/
emj.2008.058495.

Hess EP, Perry J], Calder LA, et al. Prospective validation of a modified
thrombolysis in myocardial infarction risk score in emergency

saibojouyoal Jejiwis pue ‘Buluresy | ‘Buiuiw elep pue 1xa) 01 pale|al sasn 1o} Buipnjoul ‘1ybliAdos Aq paloaloid
"1sanb Aq Gzoz |11dV TT U0 /WO [wg mmmy/:sdily woJly papeojumoq "G20z Yotew 8z uo 9eT. [wag/9eTT 0T Se paysiignd sy (rINg


https://www.bmj.com/

STATE OF THE ART REVIEW

22

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

department patients with chest pain and possible acute coronary
syndrome. Acad Emerg Med 2010;17:368-75. doi:10.1111/j.1553-
2712.2010.00696.x.

Body R, Carley S, McDowell G, et al. Rapid exclusion of acute
myocardial infarction in patients with undetectable troponin

using a high-sensitivity assay. / Am Coll Cardiol 2011;58:1332-9.
doi:10.1016/}.jacc.2011.06.026.

Than M, Flaws D, Sanders S, et al. Development and validation of
the Emergency Department Assessment of Chest pain Score and 2 h
accelerated diagnostic protocol. Emerg Med Australas 2014;26:34-
44.d0i:10.1111/1742-6723.12164.

Than MP, Pickering JW, Aldous SJ, et al. Effectiveness of EDACS
Versus ADAPT Accelerated Diagnostic Pathways for Chest Pain:

A Pragmatic Randomized Controlled Trial Embedded Within
Practice. Ann Emerg Med 2016;68:93-102.e1. d0i:10.1016/j.
annemergmed.2016.01.001.

Than M, Cullen L, Aldous S, et al. 2-Hour accelerated diagnostic
protocol to assess patients with chest pain symptoms using
contemporary troponins as the only biomarker: the ADAPT trial. / Am
Coll Cardiol 2012;59:2091-8. d0i:10.1016/].jacc.2012.02.035.
Body R, Morris N, Reynard C, Collinson PO. Comparison of four
decision aids for the early diagnosis of acute coronary syndromes

in the emergency department. Emerg Med J 2020;37:8-13.
doi:10.1136/emermed-2019-208898.

Body R, Burrows G, Carley S, Lewis PS. The Manchester Acute
Coronary Syndromes (MACS) decision rule: validation with a new
automated assay for heart-type fatty acid binding protein. Emerg Med
/2015;32:769-74. doi:10.1136/emermed-2014-204235.

Vigen R, Diercks DB, Hashim IA, et al. Association of a Novel Protocol
for Rapid Exclusion of Myocardial Infarction With Resource Use

in a US Safety Net Hospital. JAMA Netw Open 2020;3:€203359.
doi:10.1001/jamanetworkopen.2020.3359.

Hess EP, Agarwal D, Chandra S, et al. Diagnostic accuracy of the TIMI
risk score in patients with chest pain in the emergency department:
a meta-analysis. CMAJ/ 2010;182:1039-44. d0i:10.1503/
€maj.092119.

Laureano-Phillips J, Robinson RD, Aryal S, et al. HEART Score

Risk Stratification of Low-Risk Chest Pain Patients in the

Emergency Department: A Systematic Review and Meta-

Analysis. Ann Emerg Med 2019;74:187-203. doi:10.1016/j].
annemergmed.2018.12.010.

Van Den Berg P, Body R. The HEART score for early rule out of

acute coronary syndromes in the emergency department: a
systematic review and meta-analysis. Eur Heart ] Acute Cardiovasc
Care 2018;7:111-9. doi:10.1177/2048872617710788.

Boyle RSJ, Body R. The Diagnostic Accuracy of the Emergency
Department Assessment of Chest Pain (EDACS) Score: A Systematic
Review and Meta-analysis. Ann Emerg Med 2021;77:433-41.
doi:10.1016/j.annemergmed.2020.10.020.

Roshdi Dizaji S, Ahmadzadeh K, Zarei H, Miri R, Yousefifard M.
Performance of Manchester Acute Coronary Syndromes decision
rules in acute coronary syndrome: a systematic review and
meta-analysis. Eur J Emerg Med 2024;31:310-23. d0i:10.1097/
MEJ.0000000000001147.

Doudesis D, Lee KK, Boeddinghaus J, et al, CoODE-ACS Investigators.
Machine learning for diagnosis of myocardial infarction using cardiac
troponin concentrations. Nat Med 2023;29:1201-10. doi:10.1038/
$41591-023-02325-4.

Than MP, Pickering JW, Sandoval Y, et al, MI3 Collaborative.

Machine Learning to Predict the Likelihood of Acute Myocardial
Infarction. Circulation 2019;140:899-909. doi:10.1161/
CIRCULATIONAHA.119.041980.

Backus BE, Six AJ, Kelder JC, et al. A prospective validation

of the HEART score for chest pain patients at the emergency
department. IntJ Cardiol 2013;168:2153-8. doi:10.1016/].
jjcard.2013.01.255.

Stopyra J, Snavely AC, Hiestand B, et al. Comparison of accelerated
diagnostic pathways for acute chest pain risk stratification.

Heart 2020;106:977-84. doi:10.1136/heartjnl-2019-316426.
Byrne RA, Rossello X, Coughlan JJ, et al, ESC Scientific Document
Group. 2023 ESC Guidelines for the management of acute coronary
syndromes. Eur HeartJ 2023;44:3720-826. doi:10.1093/eurheartj/
ehad191.

Westwood M, Ramaekers B, Grimm S, et al. High-sensitivity troponin
assays for early rule-out of acute myocardial infarction in people
with acute chest pain: a systematic review and economic evaluation.
Health Technol Assess 2021;25:1-276. doi:10.3310/hta25330.
Than MP, Pickering JW, Dryden JM, et al, ICare-ACS

Implementation Group. ICare-ACS (Improving Care Processes

for Patients With Suspected Acute Coronary Syndrome): A

Study of Cross-System Implementation of a National Clinical
Pathway. Circulation 2018;137:354-63. doi:10.1161/
CIRCULATIONAHA.117.031984.

Yore M, Sharp A, Wu YL, et al. Emergency Department Cardiac Risk
Stratification With High-Sensitivity vs Conventional Troponin HEART

91

92

93

94

95

96

97

98

99

Pathway. JAMA Netw Open 2023;6:€2348351. doi:10.1001/
jamanetworkopen.2023.48351.

O'Rielly CM, Harrison TG, Andruchow JE, et al. Risk Scores for Clinical
Risk Stratification of Emergency Department Patients With Chest
Pain but No Acute Myocardial Infarction: A Systematic Review. Can /
Cardiol 2023;39:304-10. doi:10.1016/j.cjca.2022.12.028.
Chapman AR, Hesse K, Andrews J, et al. High-Sensitivity Cardiac
Troponin | and Clinical Risk Scores in Patients With Suspected Acute
Coronary Syndrome. Circulation 2018;138:1654-65. doi:10.1161/
CIRCULATIONAHA.118.036426.

Snavely AC, Paradee BE, Ashburn NP, et al. Derivation and
validation of a high sensitivity troponin-T HEART pathway. Am Heart
/2023;256:148-57.doi:10.1016/].ahj.2022.11.012.

Wong CP, Lui CT, Sung JG, Lam H, Fung HT, Yam PW. Prognosticating
Clinical Prediction Scores Without Clinical Gestalt for Patients

With Chest Pain in the Emergency Department. / Emerg

Med 2018;54:176-85. d0i:10.1016/j.jemermed.2017.10.006.
Mahler SA, Riley RF, Russell GB, et al. Adherence to an Accelerated
Diagnostic Protocol for Chest Pain: Secondary Analysis of the
HEART Pathway Randomized Trial. Acad Emerg Med 2016;23:70-7.
doi:10.1111/acem.12835.

Ola O, Akula A, De Michieli L, et al. Use of the HEAR Score for
30-Day Risk-Stratification in Emergency Department Patients. Am /
Med 2023;136:918-926.e5. doi:10.1016/j.amjmed.2023.04.041.
O’Gara PT, Kushner FG, Ascheim DD, et al, American College of
Cardiology Foundation/American Heart Association Task Force on
Practice Guidelines. 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. Circulation 2013;127:€362-425.
doi:10.1161/CIR.0b013e3182742c84.

Jolly SS, Pogue J, Haladyn K, et al. Effects of aspirin dose on ischaemic
events and bleeding after percutaneous coronary intervention:
insights from the PCI-CURE study. Eur Heart/ 2009;30:900-7.
doi:10.1093/eurheartj/ehn417.

Silvain J, Beygui F, Barthélémy O, et al. Efficacy and safety of
enoxaparin versus unfractionated heparin during percutaneous
coronary intervention: systematic review and meta-analysis.

BMJ 2012;344:€553. d0i:10.1136/bmj.e553.

100 Kojima S, Yamamoto T, Kikuchi M, et al, Japan Resuscitation Council

(JRO) Acute Coronary Syndrome (ACS) Task Force and the Guideline
Editorial Committee on behalf of the Japanese Circulation Society
(JCS) Emergency and Critical Care Committee. Supplemental Oxygen
and Acute Myocardial Infarction - A Systematic Review and
Meta-Analysis. Circ Rep 2022;4:335-44. doi:10.1253/circrep.CR-22-
0031.

101 Amsterdam EA, Wenger NK, Brindis RG, et al. 2014 AHA/ACC

Guideline for the Management of Patients with Non-ST-Elevation
Acute Coronary Syndromes: a report of the American College of
Cardiology/American Heart Association Task Force on Practice
Guidelines. JAm Coll Cardiol 2014;64:€139-228. doi:10.1016/].
jacc.2014.09.017.

102 He P, LiuY, Wei X, et al. Comparison of enoxaparin and unfractionated

heparin in patients with non-ST-segment elevation acute coronary
syndrome undergoing percutaneous coronary intervention: a
systematic review and meta-analysis. / Thorac Dis 2018;10:3308-18.
doi:10.21037/jtd.2018.05.113.

103 Pathik B, Raman B, Mohd Amin NH, et al. Troponin-positive chest

pain with unobstructed coronary arteries: incremental diagnostic
value of cardiovascular magnetic resonance imaging. Eur Heart
Cardiovasc Imaging 2016;17:1146-52. doi:10.1093/ehijci/jev289.

104 Dastidar AG, Baritussio A, De Garate E, et al. Prognostic Role

of CMR and Conventional Risk Factors in Myocardial Infarction
With Nonobstructed Coronary Arteries. JACC Cardiovasc
Imaging 2019;12:1973-82. doi:10.1016/].jcmg.2018.12.023.

105 Roos A, Bandstein N, Lundbéck M, Hammarsten O, Ljung R, Holzmann

M. Stable High-Sensitivity Cardiac Troponin T Levels and Outcomes
in Patients With Chest Pain. /Am Coll Cardiol 2017;70:2226-36.
doi:10.1016/j.jacc.2017.08.064.

106 Ashburn NP, McCord JK, Snavely AC, et al. Navigating the Observation

Zone: Do Risk Scores Help Stratify Patients With Indeterminate
High-Sensitivity Cardiac Troponins?. Circulation 2024;149:70-2.
doi:10.1161/CIRCULATIONAHA.123.065030.

107 Neumann JT, Twerenbold R, Ojeda F, et al, COMPASS-MI Study Group.

Application of High-Sensitivity Troponin in Suspected Myocardial
Infarction. N Engl ) Med 2019;380:2529-40. doi:10.1056/
NEJM0a1803377.

108 Hess EP, Hollander JE, Schaffer JT, et al. Testing a Decision Aid for

Patients with Low-Risk Chest Pain in the Emergency Room - The Chest
Pain Choice Trial. https://www.pcori.org/document/testing-decision-

aid-patients-low-risk-chest-pain-emergency-room-chest-pain-choice-
trial

109 Hess EP, Knoedler MA, Shah ND, et al. The chest pain choice decision

aid: a randomized trial. Circ Cardiovasc Qual Outcomes 2012;5:251-
9.doi:10.1161/CIRCOUTCOMES.111.964791.

doi: 10.1136/bmj-r136 | BMJ 2025;388:r136 | thebmj

saibojouyoal Jejiwis pue ‘Buluresy | ‘Buiuiw elep pue 1xa) 01 pale|al sasn 1o} Buipnjoul ‘1ybliAdos Aq paloaloid
"1sanb Aq Gzoz |11dV TT U0 /WO [wg mmmy/:sdily woJly papeojumoq "G20z Yotew 8z uo 9eT. [wag/9eTT 0T Se paysiignd sy (rINg


https://www.bmj.com/

110 Poldervaart JM, Six AJ, Backus BE, et al. The predictive value of
the exercise ECG for major adverse cardiac events in patients who
presented with chest pain in the emergency department. Clin Res
Cardiol 2013;102:305-12. d0i:10.1007/s00392-012-0535-0.

111 Foy AJ, Liu G, Davidson WRJr, Sciamanna C, Leslie DL.

Comparative effectiveness of diagnostic testing strategies in
emergency department patients with chest pain: an analysis of
downstream testing, interventions, and outcomes. JAMA Intern
Med 2015;175:428-36. doi:10.1001/jamainternmed.2014.7657.

112 Nomura O, Hashiba K, Kikuchi M, et al, Japan Resuscitation Council
(JRC) Acute Coronary Syndrome (ACS) Task Force and the Guideline
Editorial Committee on behalf of the Japanese Circulation Society
(JCS) Emergency and Critical Care Committee. Performance of the
0-Hour/1-Hour Algorithm for Diagnosing Myocardial Infarction
in Patients With Chest Pain in the Emergency Department - A
Systematic Review and Meta-Analysis. Circ Rep 2022;4:241-7.
doi:10.1253/circrep.CR-22-0001.

113 Meyers HP, Bracey A, Lee D, et al. Comparison of the ST-Elevation
Myocardial Infarction (STEMI) vs. NSTEMI and Occlusion MI (OMI)
vs. NOMI Paradigms of Acute MI. / Emerg Med 2021;60:27 3-84.
doi:10.1016/j.jemermed.2020.10.026.

114 Kunadian V, Chieffo A, Camici PG, et al. An EAPCI Expert Consensus
Document on Ischaemia with Non-Obstructive Coronary Arteries in
Collaboration with European Society of Cardiology Working Group
on Coronary Pathophysiology & Microcirculation Endorsed by
Coronary Vasomotor Disorders International Study Group. Eur Heart
/2020;41:3504-20. doi:10.1093/eurheartj/ehaa503.

115 Bairey Merz CN, Pepine CJ, Walsh MN, Fleg JL. Ischemia and
No Obstructive Coronary Artery Disease (INOCA): Developing
Evidence-Based Therapies and Research Agenda for the
Next Decade. Circulation 2017;135:1075-92. doi:10.1161/
CIRCULATIONAHA.116.024534.

116 Beltrame JF, Tavella R, Jones D, Zeitz C. Management of
ischaemia with non-obstructive coronary arteries (INOCA).

BMJ 2021;375:€060602. doi:10.1136/bmj-2021-060602.

117 Choi K, Shofer FS, Mills AM. Sex differences in STEMI
activation for patients presenting to the ED 1939. Am J Emerg
Med 2016;34:1939-43.d0i:10.1016/j.ajem.2016.06.082.

118 Haider A, Bengs S, Luu J, et al. Sex and gender in cardiovascular
medicine: presentation and outcomes of acute coronary syndrome.
Eur Heart 2020;41:1328-36. d0i:10.1093/eurheartj/ehz898.

119 Hess EP, Perry JJ, Calder LA, et al. Sex differences in clinical
presentation, management and outcome in emergency department
patients with chest pain. (JEM 2010;12:405-13. d0i:10.1017/
51481803500012550.

120 Kaur G, Oliveira-Gomes D, Rivera FB, Gulati M. Chest Pain in
Women: Considerations From the 2021 AHA/ACC Chest Pain
Guideline. Curr Probl Cardiol 2023;48:101697. d0i:10.1016/].
cpcardiol.2023.101697.

121 Mnatzaganian G, Hiller JE, Braitberg G, et al. Sex disparities in
the assessment and outcomes of chest pain presentations in
emergency departments. Heart 2020;106:111-8. doi:10.1136/
heartjnl-2019-315667.

122 Berger JS, Elliott L, Gallup D, et al. Sex differences in mortality
following acute coronary syndromes. JAMA 2009;302:87 4-82.
doi:10.1001/jama.2009.1227.

123 Bank IEM, de Hoog VC, de Kleijn DPV, et al. Sex-Based Differences
in the Performance of the HEART Score in Patients Presenting to
the Emergency Department With Acute Chest Pain. J Am Heart
Assoc 2017;6:€005373. doi:10.1161/JAHA.116.005373.

124 Grosmaitre P, Le Vavasseur O, Yachouh E, et al. Significance
of atypical symptoms for the diagnosis and management of
myocardial infarction in elderly patients admitted to emergency

departments. Arch Cardiovasc Dis 2013;106:586-92. d0i:10.1016/j.

acvd.2013.04.010.

125 Espejo T, Terhalle L, Malinovska A, et al. Diagnostic and prognostic
value of cardiac troponins in emergency department patients
presenting after a fall: A prospective, multicenter study. Acad Emerg
Med 2024;31:860-9. d0i:10.1111/acem.14897.

126 Ashburn NP, Snavely AC, Paradee BE, O’'Neill JC, Stopyra JP, Mahler SA.

Age differences in the safety and effectiveness of the HEART Pathway
accelerated diagnostic protocol for acute chest pain. / Am Geriatr
S0¢2022;70:2246-57.doi:10.1111/jgs.17777.

127 Davis MA, Keerbs A, Hoffman JR, Baraff LJ. Admission decisions in
emergency department chest pain patients at low risk for myocardial
infarction: patient versus physician preferences. Ann Emerg
Med 1996;28:606-11. d0i:10.1016/S0196-0644(96)70081-1.

thelbmj | BMJ2025;388:r136 | doi: 10.1136/bmj-r136

STATE OF THE ART REVIEW

128 Chen JC, Cooper RJ, Lopez-O’Sullivan A, et al. Measuring patient
tolerance for future adverse events in low-risk emergency
department chest pain patients. Ann Emerg Med 2014;64:127-36.
doi:10.1016/j.annemergmed.2013.12.025

129 Brown TB, Cofield SS, lyer A, et al. Assessment of risk tolerance
for adverse events in emergency department chest pain patients:

a pilot study. / Emerg Med 2010;39:247-52. doi:10.1016/].
jemermed.2009.03.026.

130 Than M, Herbert M, Flaws D, et al. What is an acceptable risk of
major adverse cardiac event in chest pain patients soon after
discharge from the Emergency Department?: a clinical survey. Int/
Cardiol 2013;166:752-4. doi:10.1016/].ijcard.2012.09.171.

131 Porath JD, Meka AP, Morrow C, et al. Patient Preferences for
Diagnostic Testing in the Emergency Department: A Cross-
sectional Study. Acad Emerg Med 2018;25:627-33. d0i:10.1111/
acem.13404.

132 Dawson LP, Smith K, Cullen L, et al. Care Models for Acute Chest
Pain That Improve Outcomes and Efficiency: JACC State-of-the-

Art Review. / Am Coll Cardiol 2022;79:2333-48. doi:10.1016/].
jacc.2022.03.380.

133 Lin X, Yang F, Chen Y, et al. Echocardiography-based Al detection
of regional wall motion abnormalities and quantification of
cardiac function in myocardial infarction. Front Cardiovasc
Med 2022;9:903660. doi:10.3389/fcvm.2022.903660.

134 Sahashi Y, Takeshita R, Watanabe T, et al. Development of artificial
intelligence-based slow-motion echocardiography and clinical
usefulness for evaluating regional wall motion abnormalities. /nt/
Cardiovasc Imaging 2024;40:385-95. d0i:10.1007/s10554-023-
02997-6.

135 Kayarian F, Patel D, O’Brien JR, Schraft EK, Gottlieb M. Artificial
intelligence and point-of-care ultrasound: Benefits, limitations,
and implications for the future. Am J Emerg Med 2024;80:119-22.
doi:10.1016/j.ajem.2024.03.023.

136 Hadida Barzilai D, Cohen-Shelly M, Sorin V, et al. Machine learning
in cardiac stress test interpretation: a systematic review. Eur Heart |
Digit Health 2024;5:401-8. d0i:10.1093/ehjdh/ztae027.

137 Gil Mancebo N, Mata Caballero R, Izquierdo Coronel B, et al.
Concordance between cardiological interventions and artificial
intelligence recommendations for patients presenting with chest
pain, based on consultations from the emergency department
to cardiology. European Heart Journal 2024;45:ehae666.3275.
doi:10.1093/eurheartj/ehae666.3275

138 Koechlin L, Boeddinghaus J, Lopez-Ayala P, et al, APACE Investigators.
Clinical and Analytical Performance of a Novel Point-of-Care High-
Sensitivity Cardiac Troponin | Assay. / Am Coll Cardiol 2024;84:7 26-
40.doi:10.1016/j.jacc.2024.05.056.

139 Mokhtari A, Khoshnood A, Lundager Forberg J, et al. Effectiveness
and Safety of the European Society of Cardiology 0-/1-h Troponin
Rule-Out Protocol: The Design of the ESC-TROP Multicenter
Implementation Study. Cardiology 2020;145:685-92.
d0i:10.1159/000509390.

140 Mokhtari A, Forberg JL, Sandgren J, et al. Effectiveness and Safety
of the ESC-TROP (European Society of Cardiology Oh/1h Troponin
Rule-Out Protocol) Trial. J Am Heart Assoc 2024;13:e036307.
doi:10.1161/JAHA.124.036307.

141 Shiozaki M, Inoue K, Suwa S, et al. Implementing the European
Society of Cardiology 0-h/1-h algorithm in patients presenting very
early after chest pain. IntJ Cardiol 2020;320:1-6. d0i:10.1016/j.
jjcard.2020.07.037.

142 Tomaszewski CA, Nestler D, Shah KH, Sudhir A, Brown MD,
American College of Emergency Physicians Clinical Policies
Subcommittee (Writing Committee) on Suspected Non—ST-
Elevation Acute Coronary Syndromes. Clinical Policy: Critical Issues
in the Evaluation and Management of Emergency Department
Patients With Suspected Non-ST-Elevation Acute Coronary
Syndromes. Ann Emerg Med 2018;72:€65-106. doi:10.1016/j.
annemergmed.2018.07.045.

143 Tan WCJ, Inoue K, AbdelWareth L, et al. The Asia-Pacific Society of
Cardiology (APSC) Expert Committee Consensus Recommendations
for Assessment of Suspected Acute Coronary Syndrome Using High-
Sensitivity Cardiac Troponin T in the Emergency Department. Circ
]2020;84:136-43. d0i:10.1253/circj.CJ-19-087 4.

Web appendix: Electrocardiogram findings in
patients with chest pain possibly due to acute
coronary syndrome

23

saibojouyoal Jejiwis pue ‘Buluresy | ‘Buiuiw elep pue 1xa) 01 pale|al sasn 1o} Buipnjoul ‘1ybliAdos Aq paloaloid
"1sanb Aq Gzoz |11dV TT U0 /WO [wg mmmy/:sdily woJly papeojumoq "G20z Yotew 8z uo 9eT. [wag/9eTT 0T Se paysiignd sy (rINg


https://www.bmj.com/

