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ABSTRACT: The 2021 American Heart Association/American College of Cardiology/American Society of Echocardiography/
American College of Chest Physicians/Society for Academic Emergency Medicine/Society of Cardiovascular Computed
Tomography/Society for Cardiovascular Magnetic Resonance guidelines for the evaluation and diagnosis of acute chest pain
make important recommendations that include the recognition of high-sensitivity cardiac troponin (hs-cTn) as the preferred
biomarker, endorsement of 99th percentile upper reference limits to define myocardial injury, and the use of clinical decision
pathways, as well as acknowledgment of the uniqueness of women and other patient subsets. Details on how to integrate hs-
cTn into clinical practice are less extensively addressed. Clinicians should be aware of some of the analytical aspects related
to hs-cTn assays regarding the limit of detection and the limit of quantitation and how they are used clinically, especially
for the single sample strategy to rule out acute myocardial infarction. Likewise, it is important for clinicians to understand
issues related to the derivation of the 99th percentile upper reference limit; the value of sex-specific 99th percentile upper
reference limits; how to use changing concentrations (deltas) to facilitate diagnosis and risk stratification of patients with
suspected acute coronary syndrome, including the differentiation of acute from chronic myocardial injury; and how to best
integrate the use of hs-cTn with clinical decision pathways. With the use of hs-cTn, conditions such as type 2 myocardial
infarction become more common, whereas others such as unstable angina become less frequent but still occur. Sections
relating to these issues are included.
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his evidence-based, multidisciplinary, critical
Tappraisal of the acute chest pain and high-sensitiv-

ity cardiac troponin (hs-cTn) recommendations from
the 2021 American Heart Association (AHA)/American
College of Cardiology (ACC)/American Society of Echo-
cardiography/American College of Chest Physicians/
Society for Academic Emergency Medicine/Society
of Cardiovascular Computed Tomography/Society for
Cardiovascular Magnetic Resonance guidelines’ for the
evaluation and diagnosis of chest pain is endorsed by
the International Federation of Clinical Chemistry and

Laboratory Medicine Committee on Clinical Applications
of Cardiac Bio-Markers (IFCC C-CB). Our appraisal
involves laboratorians, emergency physicians, and non-
invasive and interventional cardiologists. The recently
published AHA/ACC guidelines' make important rec-
ommendations that include the recognition of hs-cTn as
the preferred biomarker, endorsement of 99th percentile
upper reference limits to define myocardial injury, the use
of clinical decision pathways (CDPs), and acknowledg-
ment of the uniqueness of women and other patient sub-
sets. However, additional detail about how to integrate
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Nonstandard Abbreviations and Acronyms

ACC American College of Cardiology

ACS acute coronary syndrome

AHA American Heart Association

CDP clinical decision pathway

cTn cardiac troponin

ED emergency department

ESC European Society of Cardiology

FDA Food and Drug Administration

HEART History, ECG, Age, Risk Factors,
Troponin

HIiSTORIC  High-Sensitivity Cardiac Troponin on

Presentation to Rule Out Myocardial
Infarction

hs-cTn high-sensitivity cardiac troponin

IFCC C-CB International Federation of Clinical
Chemistry and Laboratory Medicine
Committee on Clinical Applications of
Cardiac Bio-Markers

LoD limit of detection

LoQ limit of quantitation

MACE major adverse cardiovascular event

Mmi myocardial infarction

NT-proBNP N-terminal pro—B-type natriuretic
peptide

RCT randomized clinical trial

TIMI Thrombolysis in Myocardial Infarction

UDMI Universal Definition of Myocardial
Infarction

hs-cTn into clinical practice to assist with triage, diag-
nosis, and risk stratification of patients with suspected
acute coronary syndrome (ACS) would be helpful. The
goal of this IFCC C-CB—endorsed appraisal is to provide
additional, constructive, evidence-based educational rec-
ommendations pertaining to cardiac troponin (cTn) that
should be considered for integration into the guidelines
and into clinical practice.

hs-cTn assays have been used clinically outside the
United States for more than a decade. Data support-
ing their use have evolved from observational studies to
randomized clinical trials (RCTs).2® European Society of
Cardiology (ESC) guidelines®® have provided class | rec-
ommendations for hs-cTn since 2011 (Table 1). The 2020
ESC guidelines® recommend O/1h and 0/2h early rule
out algorithms with class IB recommendations. In contrast
to the AHA/ACC guidelines,' the ESC® recommenda-
tions provide assay-specific risk stratification concentra-
tion thresholds that are helpful to clinicians (Figure 1).

Multiple hs-cTn assays have received 510(k) clear-
ance by the US Food and Drug Administration (FDA) for
clinical use in the United States since 2017° The char-
acteristics of all cTn assays are tabulated and updated
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every 4 months by the IFCC C-CB." There are a paucity
of US guidelines about how to incorporate cTn assays
into clinical practice. This is an important gap given the
broad clinical use of cTn testing'"'? in the United States
and the lower incidence of myocardial infarction (MI)
in the United States compared with European stud-
ies.!*'® This difference means that some of the thresh-
olds that are derived from selected chest pain cohorts
from Europe may not be as applicable in the all-comer,
heterogeneous patient populations presenting to US
emergency departments (EDs). Whereas the AHA/ACC
guidelines reference data largely derived from European
chest pain studies, there are an increasing number of
US hs-cTn—based studies'®?* that have evaluated these
approaches as well.

The ACC/AHA guidelines' provide a class | recom-
mendation to measure cTn in patients with chest pain
and preferably to use hs-cTn assays. Opportunities exist,
however, to educate clinicians more extensively about
the analytics of hs-cTn assays,?*?® many of which are
important to understand how to best implement their use
in clinical practice. The efficient assessment of patients
with chest pain with hs-cTn assays requires the devel-
opment and maintenance of evidence-based rapid risk-
stratification protocols for acute M|, standardized sample
collection processes with acceptable turnaround times
that allow for rapid rule-in and rule-out algorithms, con-
sistent reporting in electronic health records, and labora-
tory analytical quality control processes to ensure that
hs-cTn results are reliable for decision-making.?® The
evaluation of patients with suspected ACS should inte-
grate all aspects of these multiple processes and rep-
resent a multidisciplinary effort that involves partnership
with laboratory medicine with clinicians from emergency
medicine, internal and family medicine, and cardiology.

To provide a comprehensive education to clinicians,
we have addressed the evidence-based literature, includ-
ing several guidelines and expert consensus documents
from professional organizations?**® (Table 2), as well as
guidance documents from individual centers about how
to use hs-cTn for the evaluation of patients with chest
discomfort. Some of the information cited was published
after the guidelines’ were finished. We include some
of those selected articles when they provide important
insights related to hs-cTn assays. When we discuss
these data, we acknowledge that these references were
published after completion of the guidelines.

EVIDENCE-BASED APPRAISAL OF THE
GUIDELINES RELATED TO THE USE OF
HS-CTN

Analytical Issues

The AHA/ACC guidelines recognize hs-cTn as the pre-
ferred biomarker for the detection of myocardial injury

Circulation. 2022;146:569-581. DOI: 10.1161/CIRCULATIONAHA.122.059678
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Table 1. European Society of Cardiology Recommendations
on High-Sensitivity Cardiac Troponin Assays

ESC guidelines
year Recommendations

2011 = A rapid-rule out protocol (0 and 3 hours) is recom-
mended when highly sensitive troponin tests are
available. (Class IB)

2015 = A rapid rule-out protocol at 0 and 3 hours is recom-
mended if high-sensitivity cardiac troponin tests are
available. (Class 1B)

= A rapid rule-out and rule-in protocol at 0 and 1 hour
is recommended if a high-sensitivity cardiac tropo-
nin test with a validated 0/1h algorithm is available.
Additional testing after 3 to 6 hours is indicated if
the first 2 troponin measurements are not conclu-
sive and the clinical condition is still suggestive of
ACS. (Class I1B)

2020 = The ESC 0/1h algorithm with blood sampling at 0
and 1 hour is recommended if a hs-cTn test with a
validated 0/1h algorithm is available. (Class IB)

Additional testing after 3 hours is recommended
if the first 2 cardiac troponin measurements of the
0/1h algorithm are not conclusive and the clinical
condition is still suggestive of ACS. (Class IB)

= As an alternative to the ESC 0/1h algorithm, it is
recommended to use the ESC 0/2h algorithm with
blood sampling at 0 and 2 hours, if a hs-cTn test with
a validated 0/2h algorithm is available. (Class 1B)

= As an alternative to the ESC 0/1h algorithm, a rapid
rule-out and rule-in protocol with blood sampling
at 0 and 3 hours should be considered, if a high-
sensitivity (or sensitive) cardiac troponin test with a
validated 0/3h algorithm is available. (Class lla-B)

ACS indicates acute coronary syndrome; ESC, European Society of Cardiol-
ogy; and hs-cTnT, high-sensitivity cardiac troponin T.

and endorse the assay-specific overall 99th percentile
upper reference limits." It should be noted that concen-
trations should be reported in ng/L units and concen-
trations rounded to whole numbers without decimals to
avoid reporting or interpretation errors.?72" Using ng/L

Chest Pain Guidelines Appraisal

is a way to differentiate high-sensitivity from contem-
porary assays.

The 99th Percentile Upper Reference Limit

The new ACC/AHA guidelines," as well as all other ma-
jor guidelines®3" including the Universal Definition of
Myocardial Infarction (UDMI),*?> recommend the 99th
percentile upper reference limits as the threshold for
myocardial injury and in the proper clinical setting to
support the diagnosis of MI. However, there are some
important issues of which clinicians should be aware.
It is important to understand how these thresholds
are derived because they influence the sensitivity with
which myocardial injury is detected.®3* The most re-
cent (2022) IFCC and American Association of Clinical
Chemistry guidelines recommend that the 99th percen-
tile upper reference limits be derived from a sample size
of at least 400 male and 400 female healthy individuals
who should be screened with the use of questionnaires
to allow for exclusion of those with cardiovascular co-
morbidities and those on cardiovascular medications,
as well as the use of biomarkers such as NT-proBNP
(N-terminal pro—B-type natriuretic peptide), hemoglobin
A1C, and estimated glomerular filtration rate to exclude
people with subclinical disease.?® Using rigorous selec-
tion criteria to define normality will result in lower 99th
percentiles, whereas using less stringent criteria will
result in higher 99th percentiles. Multiple studies dem-
onstrate that the 99th percentile thresholds can vary
significantly on the basis of the cohort selection.3-%7 If
one is not cautious about the thresholds used, it can
make comparisons between assays problematic.35%8
Support by the guidelines for a consistent approach in
this area would have helped the standardization of the
99th percentile upper reference limits.

Optimized risk-
stratification threshold

NPV (95%) CI

LoD
LoQ

Acceptable rule-out
performance

Higher concentration allows identification of more
low-risk patients while maintaining safety

Hs-cTn (ng/L)

Figure 1. Use of optimized thresholds with high-sensitivity cardiac troponin assays.

Extensive data including observational studies, meta-analyses, and the largest high-sensitivity cardiac troponin (hs-cTn) randomized trial
(HISTORIC [High-Sensitivity Cardiac Troponin on Presentation to Rule Out Myocardial Infarction]) show that optimized rule-out thresholds (for
selected hs-cTn assays thus far) represent a safe method to identify low-risk cases. LoD indicates limit of detection; LoQ, limit of quantitation; and

NPV, negative predictive value.
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Table 2. ACEP and SAEM Recommendations

Chest Pain Guidelines Appraisal

ACEP clinical policy (2018)

SAEM GRACE-1 guidelines (2021)

In adult patients without evidence of ST-elevation ACS, the HEART score can
be used as a clinical prediction instrument for risk stratification. A low score
(<8) predicts 30-day MACE miss rate within a range of 0% to 2%.

In adult patients with recurrent, low-risk chest pain for >3 hours duration, we
suggest a single, high-sensitivity troponin below a validated threshold to rea-
sonably exclude ACS within 30 days.

In adult patients without evidence of ST-elevation ACS, other risk-stratification
tools, such as TIMI, can be used to predict rate of 30-day MACE.

In patients with recurrent, low-risk chest pain and a normal stress test within
the previous 12 months, we do not recommend repeat routine stress testing as
a means to decrease rates of MACE at 30 days.

In adult patients with suspected acute NSTE-ACS, convention troponin testing
at 0 and 3 hours with low-risk ACS (defined by HEART score 0 to 3) can pre-
dict an acceptable low rate of 30-day MACE.

In adult patients with recurrent, low-risk chest pain, there is insufficient evidence
to recommend hospitalization (either standard inpatient admission or observation
stay) versus discharge as a strategy to mitigate MACE within 30 days.

A single high-sensitivity troponin result below the level of detection on arrival
to the ED or negative serial high-sensitivity troponin result at 0 and 2 hours is
predictive of a low rate of MACE.

In adult patients with recurrent, low-risk chest pain and nonobstructive (<560% ste-
nosis) CAD on previous angiography within 5 years, we suggest referral for expe-
dited outpatient testing as warranted rather than admission for inpatient evaluation.

In adult patients with suspected acute NSTE-ACS, determination of low risk
on the basis of validated ADPs that include a nonischemic ECG result and
negative serial high-sensitivity troponin testing results both at presentation and
at 2 hours can predict a low rate of 30-day MACE, allowing for an accelerated
discharge pathway from the ED.

In adult patients with recurrent, low-risk chest pain and no occlusive CAD (0%
stenosis) on previous angiography within 5 years, we recommend referral for
expedited outpatient testing as warranted rather than admission for inpatient
evaluation.

Do not routinely use further diagnostic testing (coronary CT angiography, stress
testing, myocardial perfusion imaging) before discharge in low-risk patients in
whom acute Ml has been ruled out to reduce 30-day MACE.

In adult patients with recurrent, low-risk chest pain and previous CCTA within
the past 2 years with no coronary stenoses, we suggest no further diagnostic
testing other than a single, high-sensitivity troponin below a validated threshold
to exclude ACS within that 2-year timeframe.

Arrange follow-up in 1 to 2 weeks for low-risk patients in whom MI has been
ruled out. If no follow-up is available, consider further testing or observation
before discharge.

In adult patients with recurrent, low-risk chest pain, we suggest the use of
depression and anxiety screening tools as these might have an effect on health
care use and return ED visits.

P2Y12 inhibitors and glycoprotein lIb/llla inhibitors may be given in the ED or
delayed until cardiac catheterization.

In adult patients with recurrent, low-risk chest pain, we suggest referral for anxi-
ety or depression management, as this might have an effect on health care use
and return ED visits.

ACEP indicates American College of Emergency Physicians; ACS, acute coronary syndrome; ADP, accelerated diagnostic pathway; CAD, coronary artery disease;
CCTA, coronary computed tomography angiography; CT, computed tomography; ED, emergency department; GRACE, Guidelines for Reasonable and Appropriate
Care in the Emergency Department; HEART, history, ECG, age, risk factors, troponin; MACE, major adverse cardiovascular event; MI, myocardial infarction; NSTE-
ACS, non-ST-elevation acute coronary syndrome; SAEM, Society for Academic Emergency Medicine; and TIMI, Thrombolysis in Myocardial Infarction.

In addition, despite the fact that all major guidelines
and the UDMI recommend use of the 99th percentile
upper reference limits,®3'3? many medical centers still do
not use this threshold.3*%2 Not only does this make the
diagnosis of Ml inconsistent with any given assay, but it
also limits the applicability of recommended approaches
in guidelines that are on the basis of the 99th percen-
tile. All novel risk-stratification approaches using hs-cTn
assays have been validated on the basis of the gold
standard suggested by the UDMI,*? which includes the
appropriate 99th percentile upper reference limits.3*
Thus, opportunities exist to continue to educate clinicians
about the importance of using the 99th percentile as an
important criterion to standardize the diagnosis of Ml for
clinical, research, and regulatory purposes.* Sensitizing
clinicians to the importance of this issue on the part of
the guidelines would facilitate the standardization of the
99th percentile to support the diagnosis of acute M.

Although the 2021 AHA/ACC guidelines' acknowl-
edge and recommend that clinicians be “familiar with the
analytical performance and the 99th percentile upper
reference limit that defines myocardial injury for the cTn
assay used at their institution” as a class | recommen-
dation (Level of Evidence C-EO [expert opinion]), the
clinical decision pathway table (Table 6 in the guidelines)
reports hs-cTnT concentration thresholds that are not
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applicable for all assays given that cTn assays are not
standardized. Given that 99th percentile upper reference
limits are assay-specific, this area is one where clinicians
would be well advised to use caution.

Sex-Specific 99th Percentile Upper Reference
Limits

Class IB recommendations (Level of Evidence B-NR
[nonrandomized])' are made that “women who present
with chest pain are at risk for underdiagnosis, and po-
tential cardiac causes should always be considered” The
guidelines acknowledge sex-specific hs-cTn upper refer-
ence limits'* but do not elaborate further or advocate
their use. There are extensive data®37 documenting that
women have lower 99th percentiles than men (Figure 2).
Thatis why the Fourth UDMI?? as well as several guideline
groups,?® endorse sex-specific 99th percentiles for clini-
cal practice. All FDA-cleared hs-cTn assays report sex-
specific 99th percentiles'® (Table 3). hs-cTnl and hs-cTnT
sex-specific 99th percentiles improve the underdiagnosis
of women."**3 The debate about their effect on outcomes
is the focus of an ongoing RCT (CODE-MI [hs-cTn Opti-
mizing the Diagnosis of Acute Myocardial Infarction/Inju-
ry in Women]; URL: https://www.clinicaltrials.gov; Unique
identifier: NCTO3819894).4 If robust race-specific data

Circulation. 2022;146:569-581. DOI: 10.1161/CIRCULATIONAHA.122.059678
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______________ Men 99" percentile

-------------- Overall 99t percentile

—————————————— Women 99" percentile

Hs-cTn concentration (ng/L)

/

Figure 2. Sex-specific 99th percentile upper-reference limits
for high-sensitivity cardiac troponin assays.
hs-cTn indicates high-sensitivity cardiac troponin.

become available, as has occurred with sex-specific data,
they too would be relevant for consideration.

Single-Sample Rule-Out of Acute MI Using hs-
cTnl and hs-cTnT Assays

Among patients who are not early presenters (symptom
onset >2 hours), extensive data exist to support the use of
a single low hs-cTn measurement to identify patients with
a low risk for acute M|3-8161%1945-47 Thege patients have
been shown to be unlikely to have major adverse cardio-
vascular events during short- and long-term follow-up.*®4&
This is a valuable strategy for clinicians to understand and
use because it can reduce hospital overcrowding and fa-
cilitate the early discharge of selected low-risk patients. A
“very low” hs-cTn concentration often refers to either an
analytical threshold such as the limit of detection (LoD) or
limit of quantitation (LoQ) or may refer to a validated hs-
cTn concentration that is higher than the LoD or LoQ that
is optimized to maximize the proportion of eligible low-risk
patients while maintaining safety. The guideline' recom-

Chest Pain Guidelines Appraisal

mendations are focused on the LoD analytical threshold.
However, despite extensive validation of the approach,
the 2021 AHA/ACC guidelines' provide only a class 2a
recommendation (Level of Evidence NR [nonrandomized])
that “for patients with acute chest pain, a normal electro-
cardiogram (ECG), and symptoms suggestive of ACS that
began at least 3 hours before ED arrival, a single hs-cTn
concentration that is below the limit of detection on initial
measurement (time zero) is reasonable to exclude myo-
cardial injury” On the basis of their recommendation to
use of the LoD for hs-cTn assays and the large number of
available studies including meta-analyses,**~*" randomized
trials,* and United States—based cohort trials,'®'® a higher
recommendation than class 2a (Level of Evidence B-NR
[nonrandomized]) would have been appropriate.

A critically important educational caveat, however, is
the fact that none of the hs-cTn assays cleared by the
FDA is allowed to report to the LoD.%*° hs-cTn assays
are only FDA-cleared to report to the LoQ, the lowest
concentration with a 20% coefficient of variation 284950
The LoQ concentration threshold is invariably above the
LoD" although some companies, by reporting ranges
from across their studies or rounding up to whole num-
bers, can give the false impression that the LoD and LoQ
are the same.'® Although the difference between the
LoD and LoQ can be small for some assays, the thresh-
olds are unequivocally distinct in their definition®' (Fig-
ure 3), imprecision standards, concentrations'® (Table 3),
and evidence base support for their clinical use. There-
fore, the AHA/ACC recommendation to use the LoD is
not clinically applicable in the United States. There are
some data'"'8205253 indicating that use of the LoQ is safe
for this purpose. Recent US data confirm the safety of
the use of a value at the LoQ (<6 ng/L) for the single
sample rule out using the hs-cTnT assay.%

We emphasize that there are robust clinical data for
some hs-cTn assays suggesting that hs-cTn concentra-
tions well above both the LoD and LoQ are of value in

Table 3. FDA-Cleared High-Sensitivity Cardiac Troponin Assay Thresholds

Overall 99th Sex-specific 99thper-

Assay LoD, ng/L LoQ, ng/L percentile, ng/L centiles, F/M, ng/L
Abbott ARCHITECT hs-cTnl 1.7 2.3 28 17/35

Beckman Coulter Access 2 hs-cTnl (plasma) 1.0-2.0 0.9-2.3 175 11.6/19.8

Beckman Coulter Access 2 hs-cTnl (serum) 1.0-2.0 0.9-2.3 18.2 11.8/19.7

Beckman Coulter DxI Access hs-cTnl (plasma) 1.5-2.3 1.2-2.3 17.9 14.9/19.8

Beckman Coulter Dxl Access hs-cTnl (serum) 1.5-2.3 1.2-2.3 18.1 13.6/19.8

Roche cobas €601, €602, E170/TnT Gen 5 STAT 3;5 fored11 6 19 14/22

Siemens ATELLICA high-sensitivity Tnl (TNIH) 1.6 2.50 45.4 38.6/53.5

Siemens ADVIA Centaur XP/XPT/CP high-sensitivity Tnl (TNIH) 1.6 2.50 46.5 39.6/58.0

Siemens Dimension VISTA high-sensitivity Tnl (TNIH) 2.0 3.0 58.9 53.7/78.5

Siemens Dimension ExL high-sensitivity Tnl (TNIH) 2.7 4.0 60.4 51.4/76.2

Limit of detection (LoD), limit of quantitation (LoQ), and 99th percentile upper reference limits according to the insert package information. Source: reference 10.
Beckman-Coulter has chosen to report their LoD as equal to the LoQ for ease of reporting. FDA indicates Food and Drug Administration; and hs-cTnl, high-sensitivity

cardiac troponin .
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LoD: not FDA-cleared for
hs-cTn assays

Extensive data including RCTs to
support use to identify low-risk patients.
Not FDA-cleared for US clinical use.

Limit of Limit of
detection P ettt quantitation
(LoD) Re S . (LoQ)
y \ 3
/ \ g %
/ s
/
/ \ .: ‘0_.
/ A
’ SRR
- - .t N N

LoQ: lowest reportable hs-cTn
concentration per FDA

Limited observational data.

Lowest reportable hs-cTn
concentration per FDA.

Figure 3. Lowest clinically relevant analytical thresholds with high-sensitivity cardiac troponin assays.
FDA indicates Food and Drug Administration; hs-cTn, high-sensitivity cardiac troponin; and RCT, randomized controlled trial.

ruling out M|516194854 For example, the High-STEACS
(High-Sensitivity Troponin in the Evaluation of Patients
With Acute Coronary Syndrome) rule-out pathway,*>%®
which evaluated an optimized concentration of <b
ng/L to exclude MI with the Abbott hs-cTnl assay, was
validated for safety and efficacy in the HISTORIC trial
(High-Sensitivity Cardiac Troponin on Presentation to
Rule Out Myocardial Infarction; 31 492 patients),® which
was published after the guidelines were completed. The
study showed an adverse event rate of only 0.3% (56
of 16 792; Ml or cardiac death) at 30 days.® There were
validation studies before HiSTORIC, including the US
data,'® and a meta-analysis*® of 22457 patients across
19 cohorts to support this approach. This approach is
also applicable using other hs-cTnl assays.'® This is an
approach that might be worth considering when centers
are using hs-cTn assays with the appropriate evidence
base to support implementation. Point of care assays
may facilitate this approach.

Information About a Changing Pattern of Values
(Deltas)

It would have been educational to provide some guid-
ance regarding the changing pattern (deltas) of cTn
values because this element is critical when serial mea-
surements are used.””®” These considerations are com-
plex and assay-dependent, but some principles have
been published by the biomarker group of the Acute
Cardiovascular Care Association®” and by the IFCC-
CB.?" Validated assay-specific deltas for low and high
risk as recommended by the ESC guidelines® are worth
considering in the United States, assuming centers use

574 August 16,2022

the appropriate 99th percentile upper reference limits
upon which the data are based.

There also are important concepts that underlie the
use of changing patterns (Figure 4). For patients without
myocardial injury, the absence of significant cTn concen-
tration changes over time identifies lower-risk patients.?®
The presence of changes identifies higher-risk patients
and improves diagnostic specificity.'®*® Even with the use
of delta changes, the positive predictive value and speci-
ficity for Ml are far from perfect.’®® Clinicians need to be
aware that these change criteria define acute myocardial
injury, which can occur for many reasons other than M1.%
The increase in specificity and positive predictive value
necessary to diagnose Ml must come from other clinical
data such as the history, ECG, or imaging. For patients
without cTn increases above the 99th percentile at
baseline or only modest increases, absolute concentra-
tion deltas are superior to relative (percent) changes.®"6°
Among patients with chronic increases above the 99th
percentile, the absence of significant changes (in this
instance a percentage change <20% delta) is indicative
of chronic myocardial injury in the appropriate clinical
context.® Because hs-cTn assays detect more chronic
myocardial injury,®' the importance of differentiating
between acute and chronic injury with serial sampling
should be emphasized® (Figure 4).

The Fourth UDMI®? suggests that rising and falling
patterns have similar importance but reflect different
timing, but definitive evidence is needed. In the interim,
the approach suggested in the UDMI is reasonable for
clinicians to follow. Whereas hs-cTn assays measure very
low cTn concentrations and detect changes (deltas) with
higher precision than contemporary assays (which are

Circulation. 2022;146:569-581. DOI: 10.1161/CIRCULATIONAHA.122.059678
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99 percentile URL

— o ——o

| | I I
Hs-cTn samples over time

Hs-cTn concentrations
(ng/L)

Absence of delta associated with
higher NPV/sensitivity for Ml

N

Sensitivity and NPV

99t percentile URL

Hs-cTn concentrations
(ng/L)

I | I I
Hs-cTn samples over time

Presence of delta associated with
higher PPV/specificity for Ml

)\ 4

Specificity and PPV

Figure 4. Use of a changing pattern of high-sensitivity cardiac troponin concentrations.

Importance of changing patterns over time to distinguish acute from chronic myocardial injury (top). In addition, note the balance between
sensitivity and specificity for any given delta value (bottom). Adapted from Keller et al.%® hs-cTn indicates high-sensitivity cardiac troponin; M,
myocardial infarction; NPV, negative predictive value; PPV, positive predictive value; and URL, upper reference limit.

being phased out by manufacturers), there is concern
that very small deltas may not be detected with adequate
precision,%2%4 which leads to the potential for patient
misclassification.

Single-Sample hs-cTn for Identification of
High-Risk Patients on the Basis of Higher
Concentrations

Increased baseline cTn concentrations above the 99th
percentile are specific for myocardial injury®? and iden-
tify high-risk patients. Higher concentrations such as
those endorsed by the ESC help identify even higher-
risk patients®% However, with the broader use of hs-
cTn testing in the United States, clinicians need to be
aware that although they are specific for myocardial
injury, these approaches may lack specificity for Ml, es-
pecially in elderly patients, those with critical iliness, and
those with end-stage renal disease.f%¢" In these situ-
ations, assessing changes over serial measurements

Circulation. 2022;146:569-581. DOI: 10.1161/CIRCULATIONAHA.122.059678

(deltas) becomes even more important to improve diag-
nostic specificity.'2275758

Clinical Decision Pathways and Risk
Stratification Groups

One of the benefits of hs-cTn assays is that they expe-
dite the evaluation of patients with suspected ACS?* pre-
dominantly because of the early identification of low-risk
patients eligible for early discharge. This reduces ED over-
crowding without increasing resource use.'*? The AHA/
ACC recommendations’ for the intermediate group may
do the opposite, unless hs-cTn results are considered.
CDP and risk scores are used by ED physicians to evalu-
ate undifferentiated patients. There are guidelines that
suggest how to integrate them with hs-cTn assays.2%°
The American College of Emergency Physicians rec-
ommends the HEART (History, ECG, Age, Risk Factors,
Troponin) and TIMI (Thrombolysis in Myocardial Infarc-
tion) scores to predict the rate of 30-day major adverse
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cardiovascular event (MACE).?® The American College of
Emergency Physicians policy?® suggests patients are eli-
gible for accelerated discharge when they are at low risk
for 30-day MACE on the basis of a nonischemic ECG
and “negative” serial hs-cTn results at presentation and
2 hours. The Society for Academic Emergency Medicine
guidelines,®® which focus on recurrent, low-risk chest pain
(e, HEART score <4), provide similar guidelines.

Integration of hs-cTn With Risk Scores for the
Intermediate Risk Group

The 2021 AHA/ACC guidelines' provide a class 1B
recommendation (Level of Evidence B-NR [nonrandom-
ized]) that “in patients presenting with acute chest pain
and suspected ACS, clinical decision pathways (CDPs)
should categorize patients into low, intermediate, and
high-risk strata to facilitate disposition and subsequent
diagnostic evaluation.” The low-risk group is well-defined,
but the definitions for intermediate and high-risk groups
are less definitive. One could be designated at intermedi-
ate risk on the basis of a risk score alone even with hs-
cTn concentrations below the 99th percentile. However,
in most situations, the presence or absence of myocar-
dial injury on the basis of cTn concentrations above or
below the 99th percentile is a key element that predicts
adverse events.3? Thus, should patients with an interme-
diate risk score (e.g. HEART score of 4 to 6) without
myocardial injury have the same risk profile and care rec-
ommendations as a patient with increased cTn concen-
trations above the 99th percentile? We would suggest
these groups are likely different, and that patients with
increased cTn above the 99th percentile upper reference
limit indicative of myocardial injury are likely at different
risk depending on whether the changes are acute or
chronic,5997%9 as well as their magnitude.4™

Because there are multiple ways to be designated
intermediate risk, should the class | recommendations
for transthoracic echocardiography, coronary computed
tomography angiography, and stress testing be applied
to all intermediate patients irrespective of their hs-cTn
results? To our knowledge, there are no strong data for
those without myocardial injury. Noninvasive evaluations
in those with elevated risk scores but nonischemic ECGs
and nonelevated cTn concentrations <99th percentile
upper reference limit have a low diagnostic yield without
evidence for improved clinical outcomes.”""™ This poten-
tial for overtesting could exacerbate ED and hospital
overcrowding and increase length of stay. In addition, it
is unclear whether all or only a subset of those at inter-
mediate risk should be admitted to observation units. The
guidelines state with a 2a recommendation “for interme-
diate-risk patients with acute chest pain, management
in an observation unit is reasonable to shorten length of
stay and lower cost relative to an inpatient admission.”
In a large multisite study of ED patients without an ini-
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tial diagnosis of M, there appeared to be no benefit in
30-day outcomes associated with observation or hospital
admission.” Another large multisite study of ED patients
without an initial diagnosis of MI found wide variation
in physicians’ admission rates and no improvement in
patient outcomes related to higher admission rates.” Our
concern is that patients without myocardial injury, even if
intermediate risk on the basis of a risk score, do not nec-
essarily require additional evaluations either in an obser-
vation unit or the hospital. There may be some patients
who need evaluation in the outpatient setting.

Integration of hs-cTn With Risk Scores for the
High-Risk Group

The guidelines’ provide a class | recommendation that
“for patients with acute chest pain and suspected ACS
who are designated as high risk, invasive coronary angi-
ography is recommended.” Our concern is that this rec-
ommendation includes those with increased risk scores
on the basis of age and comorbidities without myocardial
injury. Studies suggest that for patients with ACS and hs-
cTn concentrations below the 99th percentile, there is no
benefit from a routine invasive approach.”

Discordance With ESC Guidelines

There is discordance between the 2020 ESC® and the
2021 AHA/ACC' guidelines. The ESC guidelines® pro-
vide class | recommendations for the 0/ 1h and 0/2h algo-
rithms. They have downgraded the 0/3h algorithm on the
basis of multiple studies*®™®" demonstrating a reduced
ability to exclude MI. The latter likely occurs because of
an improved rule-out performance when incorporating the
single sample rule out, which is advocated in the 0/ 1h and
0/2h algorithms but not the 0/3h algorithm.” The AHA/
ACC guidelines do not make this distinction when tabulat-
ing the available hs-cTn protocols, but it is important to ac-
knowledge that the 0/3h algorithm has been downgraded
because of the data?®™®8'! showing it is not as safe as the
0/1h and 0/2h algorithms.

OTHER GAPS
Definition of MACE and Acceptable Miss Rates

Defining what constitutes an acceptable miss rate is
critical. Previous surveys® have suggested that the ac-
cepted miss rate for ED physicians is 1%. The 2018
American College of Emergency Physicians policy®®
indicated that “any discussion of accuracy in ED test-
ing for potential NSTEMI needs to include discussion
of acceptable rate of missed diagnosis” and recom-
mended a miss rate of 1% to 2% for 30-day MACE.
They defined MACE as Q-wave MI, non—-Q-wave Ml
(non—ST-segment—elevation MI), death, or target lesion

Circulation. 2022;146:569-581. DOI: 10.1161/CIRCULATIONAHA.122.059678
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Figure 5. Time concentration curve in patients with myocardial infarction.
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upper reference limit. Adapted from the UDMI.%2

revascularization within 30 days after the ED evalua-
tion.?® The inclusion of revascularization after an ED
presentation was controversial as an end point because
it may not reflect information from the clinical presenta-
tion but be related in some cases more to information
derived during the evaluation itself. The 2021 AHA/
ACC chest pain guidelines’ indicate that patients with
a 30-day risk of death or MACE <19% should be poten-
tially designated as low risk but do not indicate what
constitutes MACE, which would have been informative.

Requiem for Unstable Angina: Not Yet

Unstable angina is diagnosed less frequently using hs-
cTn assays, but the entity has not yet disappeared.®*-%
Education on this fact would be helpful because it alerts
clinicians that although hs-cTn assays are excellent in

Circulation. 2022;146:569-581. DOI: 10.1161/CIRCULATIONAHA.122.059678

ruling out acute MI, unstable angina presentations and
severe stable obstructive coronary artery disease still oc-
cur. 88 We would hasten to add that the presence of
coronary artery disease alone in the age of widespread
use of coronary computed tomography angiography is
insufficient to diagnose unstable angina in the absence
of appropriate symptoms. Some caution is necessary
in this area. There are good data that patients benefit
from an invasive strategy when they have an increased
cTn value® In some studies, however, they do not benefit
when the cTn is not increased®?®” and in some studies,
there have been claims of detriment.”"®®

Type 2 Ml Is Common

With hs-cTn assays, the major increase in M| diagnoses
is largely attributable to type 2 events9° In the United
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States, some of the data indicate there may be more type
2424 than type 1 Mls. In the absence of robust data and
heterogeneity intrinsic to this patient population, expert
recommendations are to focus on treating the underly-
ing supply—demand imbalances/triggers. For selected
patients, such as those with microvascular disease or
epicardial vasospasm, spontaneous coronary artery dis-
section, or coronary embolus, angiography is needed.®

¢Tn Sampling in Relation to Symptom Onset

Rapid hs-cTn algorithms can fail in patients who present
early®* (<2 to 3 hours) or in those who present late (>12
hours, although there is no consensus). It may take time for
cTn signals to develop in the patients who present early and
more time and additional samples to observe a declining
pattern indicative of an acute event in those who present
late (Figure 5). Both cautions are included in the UDMI.%2

CONCLUSION

We have provided evidence-based perspectives to assist
with the evaluation of patients with suspected ACS and
the proper use of hs-cTn assays to integrate them into
the recent ACC/AHA guidelines. It is encouraging and
a good start to see hs-cTn incorporated into new guide-
lines. Their use should be coordinated globally across all
medical disciplines. Opportunities exist to address many
key elements that we have articulated in upcoming policy
documents from the major societies.
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