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Management of patients with acute chest pain remains challenging. Cardiac biomarker testing reduces the likelihood of erroneously
discharging patients with acute myocardial infarction (AMI). Despite normal contemporary troponins, physicians have still been
reluctant to discharge patients without additional testing. Nowadays, the extremely high negative predictive value of current high-
sensitivity cardiac troponin (hs-cTn) assays challenges this need. However, the decreased specificity of hsTn assays to diagnose
AM I poses a new problem as noncoronary diseases (eg, pulmonary embolism, myocarditis, cardiomyopathies, hypertension, renal
failure, efc) may also cause elevated hscTn levels. Subjecting patients with noncoronary diseases to unnecessary pharmacological
therapy or invasive procedures must be prevented. Attempts to improve the positive predictive value to diagnose AMI by defining
higher initial cutoff values or dynamic changes over time inherently lower the sensitivity of troponin assays. In this review, we
anticipate a potential changing role of noninvasive imaging from ruling out myocardial disease when troponin values are normal

toward characterizing myocardial disease when hs-cTn values are (mildly) abnormal. (Am Heart ) 2016;177:102-11.)

Acute chest pain is one of the most common reasons for
emergency department (ED) presentation, accounting for
10% of all visits.' Diagnostic evaluation of patients with
acute chest pain remains challenging due to the heteroge-
neous spectrum of underlying etiologies that can be of
cardiovascular or noncardiovascular origin, and pernicious
or benign.*® Although most patients have a non-life-
threatening disorder, approximately 15% are diagnosed as
having acute myocardial infarction (AMI) and in rare cases
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with acute aortic dissection (AAD) or pulmonary embolism
(PE).>* Even after thorough evaluation, a firm diagnosis
remains uncertain in a subset of patients that can unsettle
patients and physicians. Particularly in those with atypical
chest pain, the pain can be musculoskeletal, gastrointestinal,
or respiratory in origin and the yield of additional
investigations is generally low.>> Nevertheless, informing
patients about their very low probability of future adverse
cardiac events when additional noninvasive test results in
the ED are negative is often sufficient for reassurance.

For decades, biomarker testing has been playing a central
role in the evaluation of patients with acute chest pain and
cardiac troponin (cTn) testing has substantially reduced the
likelihood of erroneously discharging patients with AMI. An
elevated cTn concentration is defined as a measurement
exceeding the 99th percentile upper reference limit (URL) of
an apparently healthy reference population. 6 Contemporary
cTn assays (ie, non-high-sensitive) do not have optimal
precision at the recommended 99th percentile. Although
serial sampling improves sensitivity, ED physicians are often
still reluctant to discharge patients without ordering
additional noninvasive (imaging) tests.

Current high-sensitivity (hs) cTn assays measure cTn
concentrations above the limit of detection in >50% of
normal individuals with <10% coefficient of variation at the
recommended 99th percentile, thereby increasing the ability
to determine small changes in ¢Tn.”” Because of the
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extremely high negative predictive value (NPV) of hscTn
assays for the diagnosis of AMI, the need for additional
testing to rule out AMI is challenged. '*~*2

Instead, because of a substantially lower specificity to
diagnose AMI, ED physicians are increasingly confronted
with abnormal hs-cTn values that may be related to
various acute or chronic conditions other than AMI
(ie, myocarditis, stress [takotsubo] cardiomyopathy,
severe hypertension, tachycardia, renal failure, nonacute
structural myocardial disease, AAD, PE, or even stable
coronary artery disease [CAD]). 13,14

Thus, abnormal hs-cTn levels (ie, above the 99th
percentile) in patients presenting with acute chest pain
and nondiagnostic electrocardiograms (ECGs) do not
automatically equate AMI and warrant a more sophisticated
approach. Thorough history taking, determination of
risk factors, physical examination, and (serial) ECGs remain
important tools but lack specificity for a certain
diagnosis. Additional noninvasive imaging techniques
may be useful to further characterize myocardial disease
and prevent unnecessary invasive procedures or aggres-
sive treatments. This review is intended to create a
different mind set how noninvasive cardiac imaging in
patients presenting with acute chest pain can be useful
in the hs-cTn era. It does not come down on the side of
any particular imaging strategy as evidence is still
building up on this topic.

Initial evaluation

Patients with acute chest pain may have a life-threatening
condition, necessitating a rapid evaluation by an experienced
physician. 1516 The ED evaluation primarily focuses on the
early exclusion of acute life-threatening conditions and risk
stratification to identify patients who can be discharged
early or might benefit from tailored treatment, rather than
anatomically detecting CAD.'” For instance, CAD may just
be coincidental and an unrelated finding in patients with
musculoskeletal chest pain. Hospital admission is usually
indicated in case of an acute coronary syndrome, perimyo-
carditis, stress cardiomyopathy, or certain “malignant”
arrhythmias, and may also be appropriate for certain
patients with pneumonia or pneumothorax. The acceptable
miss rate regarding major adverse cardiac events (mostly
AMI, death, or life-threatening arrhythmia) within 30 days of
ED presentation for acute chest pain must be <1%.'®

Although medical history taking is subjective, the absence
of typical angina pectoris characteristics and cardiovascular
risk factors decreases the probability of AMI substantially,
but conversely increases with an increasing number of risk
factors.'>*® Physical examination is often unremarkable,
but may be supportive of both coronary and noncoronary
causes (eg, PE, acute aortic syndromes, perimyocarditis,
valvular disease), as well as extracardiac causes of acute
chest pain (eg, pneumothorax, pneumonia). Moreover,
reproducible chest wall tenderness on palpation of the
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thorax substantially reduces the likelihood of AMI or
unstable angina pectoris (UA). 20!

The ECG remains an essential, first noninvasive test in
suspected AMI patients and should be assessed within
10 minutes after ED arrival.'>'® The likelihood of AMI is
lower when the ECG is normal or nondiagnostic but
substantially increases in the presence of marked
ST-segment deviations.”*** Because a single normal ECG
does not rule out AMI, it is recommended to obtain serial
ECGs or perform continuous ECG monitoring. >

Although the prevalence of acute life-threatening non-
cardiac causes of acute chest pain requiring admission
(eg, AAD, PE, and certain patients with pneumothorax or
pneumonia) is low, additional testing (ie, p-dimers, chest
x-ray, or computed tomographic angiography [CTA]) is
useful when clinical suspicion is high.

The initial evaluation remains the cornerstone of risk
stratification, but lacks sufficient NPV to exclude all
patients with AMI and positive predictive value (PPV) to
diagnose AMI or other (myocardial) diseases.”” Although
decision making is usually straightforward in patients
presenting with typical cardiac symptoms and pro-
nounced ST-segment deviation, this can be troublesome
in patients with atypical symptoms and nondiagnostic
ECGs. In these patients, biomarker testing is decisive but
elevated biomarkers must always be considered in the
clinical context.

Cardiac biomarkers

Cardiac biomarkers are proteins that are released after
cardiomyocyte injury. Until 2000, creatine kinase-MB
was the most frequently used cardiac biomarker and the
frequency of mistakenly discharging patients with AMI
was approximately 2%.%42% After the year 2000, cTns
(cTnl and cTnT [ie, contemporary troponin assays])
became the preferred biomarkers to diagnose myocardial
injury because of their cardiac specificity and superior
sensitivity to detect myocardial damage.26 However, the
risk for adverse cardiac events is still considered non-
negligible in patients with acute chest pain and normal
contemporary troponins. Therefore, ED physicians still
seek for a higher level of confidence to exclude AMI and
often order additional noninvasive and sometimes even
invasive tests before discharging a patient. The NPV of
distinct noninvasive modalities for adverse cardiac events
ranges from 95% to 100% and is shown in online
Supplementary Table S1.

High-sensitivity cTn assays

The improved analytical performance of the current
hs-cTn assays has enabled the detection of troponins at
almost 10-fold lower concentrations and with higher
precision. Hs-cTn levels below the 99th percentile URL
rule out AMI with extremely high confidence (NPV
99%).6’10'12 Undetectable hs-cTn levels rule out AMI with
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even higher confidence and indicate an excellent prognosis
(NPV >99.5%).'%%” Together with a considerable shorter
period after symptom onset to detect increased serum
troponin levels, hs-cTn assays have shown superior ability to
exclude AMI in comparison with the contemporary cTn
assays.'>'! Of note, serial testing should still be considered
in patients with normal initial hs-cTn levels presenting very
early after symptom onset.

Inversely, the incidence of AMI increases with increasingly
higher hs<Tn values at presentation.”®*’ It follows that
rather sharply defined lower range hs-cTn cutoff values can
be used to achieve an extremely high NPV but that defining
the upper hscTn cutoff values to diagnose AMI is more
gradual and less absolute. Studies to define the optimal upper
hs-cTn cutoff to rule-in AMI are unique for each hs-cTn assay.
For the purpose of this review, mildly elevated hs-cTn levels
refer to hscTn levels > URL and cTn levels that were
previously not captured by contemporary cTn-assays
without providing specific values.

Low specificity and PPV of hs-cTn assays

The increased diagnostic sensitivity of hs-cTn assays
comes at the expense of a lower specificity and PPV to
diagnose AML.'>'"'33° This applies to both type 1 MI
(ie, related to plaque rupture or thrombotic occlusion) and
type 2 MI (ie, secondary to supply-demand mismatch with
or without CAD).?" Type 2 MI is becoming increasingly
recognized but is poorly defined, making differentiation
from type 1 MI often clinically difficult.>*>* Differentiation
is based on clinical judgment that takes into account
various coexisting factors (tachycardia's, anemia, hyper-
tension, sepsis, renal failure, etc).

Using the currently set diagnostic cutoff value for AMI, the
PPV to diagnose AMI is only 50% to 70%.%'*'! The PPV for
AMI is even lower (approximately 20%) when hs-cTn levels
are mildly abnormal.*® Abnormal hs-cTn levels may indicate
myocardial injury, but are not specific for type 1 MI and can
be due to type 2 MI (tachycardia, hypertension, sepsis,
anemia, etc), nonischemic (perimyocarditis, stress cardio-
myopathy) or extracardiac diseases (AAD or PE). More-
over, hscTn assays allow for the detection of very low
troponin values as seen also in patients with (asymptomatic)
“stable” CAD and patients with structural heart disease (ie,
congestive heart failure, cardiomyopathies, or hypertensive
heart disease). 14,34 Regardless, even in asymptomatic
patients, mildly elevated hs-cTn levels provide incremental
prognostic information. '+

Finally, higher baseline hs-cTn levels are observed in
male and elderly patients that may exceed the URL of
normal. It has therefore been suggested that age- and
gender-specific cutoffs should be applied.**>° Current-
ly, uniform hs-cTn cutoff levels are used for all patients
irrespective of age and sex, resulting in more positive test
results in male and elderly patients and potentially missed
myocardial disease in female patients.>’

American Heart Journal
July 2016

Attempts to improve the specificity of hs-cTn assays

Itis becoming increasingly clear that hs-cTn levels should
be interpreted as quantitative rather than qualitative values,
and that the terms positive and negative troponin should be
avoided. Several algorithms have been suggested and
validated to improve the diagnostic specificity of hs-cTn
assays to diagnose AMI. A common method is using
predefined relative or absolute dynamic changes in hs-cTn
levels quantified as the delta troponin over a specified
period rather than a single baseline value. This is in
accordance with the Third Universal Definition of MI that
requires a rise and/or fall pattern of hs-cTn levels.®
Although the hs-cTn change must be at least above the
reference change value that is based on the analytical
variation of the respective assay and the biological
variation, the magnitude and the time frame of this change
are still debated.

Several relative and absolute changes (eg, 20%-50% and
for hs-cTnT 79 ng/L) have been suggested but are
dependent on the patient population and the immunoassay
used.*®*® Moreover, many of these suggested dynamic
changes have been determined retrospectively with an
adjudicated AMI diagnosis that was based often on
contemporary cTn assays. A recent study demonstrated
that relative hs-cTnT changes <20% and absolute changes
<9 ng/L are not uncommon (26% and 12%, respectively) in
non-ST-elevation myocardial infarction.*® An editorial
comment to that study suggested that for using different
delta values, 5% to 67% of AMI may be missed.*! This
raises caution against the strict use of delta values to
exclude AMI in patients with an otherwise high clinical
probability of AMI. Moreover, dynamic changes are also
not exclusive to AMI but rather indicative of acute
myocardial injury.

Nevertheless, the European Society of Cardiology has
recommended an algorithm for clinical use that incorpo-
rates hs-cTn baseline values and 1-hour absolute changes
(hs-cTn 0-h/1-h algorithm). 16 This algorithm assigns
patients into 3 groups: (1) a rule-out group (60% of
patients), (2) a rule-in group (17% of patients), and (3) an
observe group with substantial diagnostic uncertainty (23%
of remaining patients). >’ Although this algorithm improves
clinical decision making, still 22% in the rule-in group and
81% in the observe group eventually do not have AMI. Most
patients in the observe group are diagnosed as having
noncoronary myocardial or noncardiac disease, although
preexisting CAD may be frequently present.zg’@’43

Increased biomarker levels should always be evaluated in
light of the clinical scenario, patient characteristics, and
pretest probabilities because isolated (mildly) abnormal
hs-cTn levels are insufficient to diagnose AML® On the
other hand, higher baseline hs-cTn and delta values may be
indicative of acute (ongoing) myocardial injury and
increase the probability of AMI.**%

In summary, current clinical interpretation of abnormal
hs-cTn levels in acute chest pain is useful but lacks sufficient
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specificity for a certain myocardial disease and methods to
improve the diagnostic specificity inherently lower sensitivity.

Usefulness of additional noninvasive

cardiovascular testing

Based on the initial hs-cTn values and repeated measures,
the European Society of Cardiology guidelines support the
classification of patients into 3 groups.'6 Figure shows a
modification of this algorithm and provides suggestions for
the usefulness of additional testing or noninvasive imaging:
(1) rule-out group: in patients with hscTn levels < URL or
undetectable levels, AMI can be ruled out confidently
(ie, prognosis is excellent and the rate of missing AMI
is extremely low) and additional testing is generally
discouraged to prevent false-positive test results; (2) observe
group: in patients with (mildly) abnormal (>URL) hscTn

levels but without a substantial rise and/or fall, additional
testing and characterization of myocardial injury is often
necessary (to differentiate between coronary and noncor-
onary myocardial disease or even extracardiac disease); and
(3) ruledin group: patients with markedly elevated and/or
substantially rising hs-cTn levels and the appropriate clinical
setting have a high likelihood for AMI and should undergo
invasive testing when indicated. With the exception of
indicated echocardiography, additional noninvasive tests
should not unnecessarily delay invasive management in the
rule-in group.

In cohort studies comparing 2 sequential periods,
introducing the hscTn assay significantly increased the
prevalence of AMI, use of ACS medications, invasive
coronary angiograms, revascularization procedures, and
length of hospital stay as compared with the contemporary
assay period. Whether this more aggressive approach
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improves outcome is still unknown because studies
have been Conﬂictinglz‘z"46 Although abnormal hs-cTn
values should always be interpreted in the light of
symptoms and pretest probability, a certain diagnosis
cannot be reliably ruled in or out at this time. Therefore,
careful clinical evaluation and diagnostic workup should
precede routine invasive management and may be
particularly useful in the “observe” group with most
considerable diagnostic uncertainty.42

Furthermore, studies are needed that optimally define
“markedly elevated and/or substantially rising hs-cTn
levels.” These studies should ideally include imaging end
points to more accurately define AMI (to identify new loss
of viable myocardium or new regional wall motion
abnormalities), rather than an adjudicated diagnosis
based on clinical parameters only.

In patients with normal and undetectable hs-cTn levels

In the contemporary cTn era (ie, non-high-sensitive) and
supported by guidelines, additional noninvasive testing was
often performed before discharging patients with normal
troponin levels with increased certainty. High-sensitivity cTn
assays now rule out AMI with an NPV of 99%, and even
>99.5% when hs<Tn levels are undetectable.''** In
combination with a much shorter time to rule out AMI after
presentation, this may obviate the need for additional
noninvasive testing at all or at least in the ED in these
patients. Additional testing in extremely low-risk patients
may even cause harm because of an increased number of
false positive test results (according to Bayes' theorem).
Regardless, clinical judgment by an experienced ED
physician remains crucial. Typical angina symptoms,
acceleration of previously stable angina, presence of
cardiovascular risk factors, signs of atherosclerosis on
physical examination, preexisting coronary artery stenosis
=>70%, or positive cardiac exercise test result may still
require admission for suspected UA or discharge with
additional testing in the outpatient clinic. It should be noted
that the prevalence of UA declines when using hs-cTn assays
because many patients diagnosed as having UA using
contemporary cTn assays can be reclassified as AMI. 447

Although AMI can be ruled out reliably, normal hs-cTn
levels (<URL) or stable hs-cTn elevations not fulfilling the
criteria for AMI obviously do not rule out the presence of
CAD or UA. Unstable angina pectoris is suspected on the
basis of clinical judgment (pretest probability, risk factors,
typical angina) and warrants in-hospital management. On
the other hand, systematically searching for CAD (using
CTA) and initiating preventive medication in a low-risk
population has not yet shown to improve outcome or to be
cost-effective thus far. *® A systematic search for CAD in the
ED is not recommended and the detection of CAD might
rather be a finding unrelated to current symptoms. '’

In summary, the high NPV of current hscTn assays
questions the need for urgent additional noninvasive testing
before patients can be safely discharged from the ED.%#30
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Conversely, additional noninvasive testing remains neces-
sary in suspected UA.

In patients with mildly abnormal hs-cTn levels

The challenge now lies in the clinical interpretation of
mildly abnormal hs-cTn levels (patients in the observe
group) because this may reflect AMI or acute noncoronary
(structural) myocardial disease, or may be associated with
chronic stable CAD, renal dysfunction, or even be a
variation of normal (in the elderly and men). Clearly,
patients not having AMI should not be subjected to
unnecessary aggressive antithrombotic, antiplatelet thera-
py, or invasive coronary angiography. Although symptoms,
physical examination, serial ECGs, and height of initial
hs-cTn levels contain pivotal information, the initial
evaluation is often not specific for a certain diagnosis.
This is even more difficult when hs-cTn levels are only
mildly abnormal. Noninvasive cardiovascular imaging early
in the diagnostic process could therefore be particularly
useful to further characterize myocardial disease and hence
serve as a gatekeeper to prevent unnecessary invasive
procedures or aggressive therapy.

Exercise testing is generally considered contraindicated
in patients with suspected AMIL.>" Apart from this, it does
not provide structural information and does not allow
for differentiating between myocardial diseases. Two-
dimensional (2D) echocardiography by a trained
physician can be very helpful for the initial assessment
of certain patients with acute chest pain, especially when
patients are hemodynamically compromised. Current
guidelines recommend 2D echocardiography to detect
AMI or other acute pathologies, such as AAD or PE.'¢
However, recent studies challenge the generally believed
high accuracy of 2D echocardiography to detect AMI
based on the visual assessment of segmental wall motion
abnormalities (SWMAs). > Importantly, SWMAs are not
specific for AMI and can be found in myocarditis as well. >3
Myocardial contrast echocardiography accurately re-
flects decreased myocardial perfusion and has been
shown to increase the diagnostic accuracy to detect AMI
over visual assessment of SWMA.>* Strain analysis using
speckle-tracking echocardiography appears promising
to detect AMI but still needs additional validation.”’
Moreover, suboptimal acoustic windows in a substantial
number of patients hinder all echocardiographic tech-
niques. Therefore, its usefulness in patients with mildly
abnormal hs-cTn levels is limited.

Alternative noninvasive imaging tests include nuclear
cardiovascular imaging, cardiovascular magnetic reso-
nance imaging (CMR), and cardiac CTA. Although they
visualize different aspects of disease, each modality can
be used uniquely to differentiate between coronary and
noncoronary myocardial disease.

Resting myocardial perfusion can be assessed with séngle-
Dphoton emission computed tomographic (SPECT) using
9™ Technetium-Sestamibi or, less frequently nowadays,
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201 Thallium. The sensitivity to detect AMI ranges from 90%
to 100% (NPV 99%-100%).°>>” Patients with acute chest pain
and normal rest myocardial perfusion have an excellent
prognosis.%’57 In addition to detecting myocardial perfu-
sion, gated SPECT allows for determining global and regional
ventricular function.”® However, SPECT has not gained
widespread clinical acceptance for use in patients with acute
chest pain, because smaller defects remain undetected and
there are logistic restraints in the ED setting.”® Although
positron emission tomography (PET) myocardial perfusion
more accurately detects CAD in comparison to SPECT in
an outpatient setting, its usefulness is less well studied in
the ED.® Increased uptake of '"*F-fluorodeoxyglucose can
be observed in active myocardial inflammation, whereas
uptake is decreased in AMI and ischemic myocardium.(’1
18F-ﬂuorodeoxyglucose PET has also been used to image
plaque instability and inflammation, but accurate interpreta-
tion of the coronary arteries is often hindered by interference
with background myocardial uptake as well as the rather low
spatial and temporal resolution. 2 BEsodium fluoride PET
imaging is promising and abnormal coronary artery uptake
strongly suggests acute coronary pathology.®> However,
!8E.sodium fluoride PET imaging is at this time not feasible in
the ED. Other PET tracers, such as rubidium-82 and the novel
tracer flurpiridaz F-18, provide information on myocardial
perfusion. However, for both tracers but mainly for
flurpiridaz, data on their performance in detecting perfusion
defects on rest images are rare and require further evaluation
in larger clinical trials. %> Furthermore, flurpiridaz is not yet
available for clinical use. A major drawback of nuclear
imaging (both SPECT and PET) is the inability to exclude or
diagnose more than one disease, whereas the differential
diagnosis in patients with mildly abnormal hscTn levels is
broad. Hence, “one-stop-shop” imaging to identify the
underlying cause cannot be expected because nuclear
medicine tracers are more or less specifically usable for
one clinical indication, and therefore, different radiotracers
are required to exclude different potential causes. A hybrid
approach of PET with CT or CMR may increase the clinical
potential of nuclear imaging in the cardiac ED, but
availability of these hybrid scanners is very limited.
Currently, it seems unlikely that PET or SPECT will play an
important role in the emergency setting as a tool to
differentiate between myocardial diseases when hscTn
levels are abnormal. Finally, nuclear imaging exposes
patients to ionizing radiation and imaging protocols can
be time-consuming.

Several CMR techniques can be used to comprehensively
assess patients with acute chest pain and abnormal hscTn
levels. A CMR protocol, including cine, T2-weighted, rest
perfusion and delayed enhancement (DE) CMR, has been
shown to be highly accurate to diagnose AMI %465 Delayed
enhancement CMR is a well-validated technique to assess
the presence, location, etiology, size, and transmural extent
of myocardial scarring.“ Delayed enhancement CMR
can detect a very small amount of injury (<1 g myocardial
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tissue).®” The pattern of hyperenhancement on DE-CMR
provides important information regarding the underlying
etiology.(’8 In particular, a subendocardial or transmural
hyperenhancement pattern is most frequently observed in
ischemic injury, based on the wave front phenomenon of
ischemic myocardial injury, whereas a mid- to epicardial
hyperenhancement pattern suggests nonischemic patholo-
gy (eg, myoca1rditis).68 A comprehensive CMR investigation
been shown to provide a final diagnosis in 70% of patients
with acute chest pain, with normal or insignificant coronary
artery stenosis (<50%) on invasive coronary angiogra-
phy.é()’70 Absence of significant obstructive CAD or
angiographic evidence of acute plaque rupture is part
of the proposed criteria for diagnosing takotsubo cardio-
myopathy. Cardiovascular magnetic resonance imaging
typically shows left ventricular wall motion abnormalities
extending beyond a single coronary perfusion bed, high
signal on T2-weighted sequences, and absence of scar on
DE-CMR.”"7? In the presence of an appropriate clinical
setting, these typical CMR findings may be diagnostic and
eliminate the need for invasive coronary angiography.
Cardiovascular magnetic resonance imaging is highly
accurate to detect structural heart disease that may be
responsible for stable and mildly abnormal hs-cTn levels
(eg, dilated, hypertrophic, or infiltrative cardiomyopathy).
Although generally considered less accurate than CTA, CMR
may also be useful to exclude AAD or PE.”>7% Although a
normal CMR study including stress-rest perfusion imaging
does not provide a final diagnosis in patients with acute chest
pain, it does indicate an excellent prognosis.”*’> Disadvan-
tages of CMR are limited availability, need for specialized
equipment and personnel, time-consuming scanning proto-
cols that can be strenuous for patients, and restricted
applicability in patients with ferromagnetic implants.
Computed tomographic angiography is a relatively
straightforward technique and available in many centers on
a 24/7 basis, but inevitably requires exposure to ionizing
radiation and iodine contrast agents. This noninvasive
imaging modality provides insight in coronary and
noncoronary causes of acute chest pain. Administration
of iodinated contrast agents is required because a native CT
scan (without angiography) is insufficient to exclude AMI
and other disease (ie, AAD or PE).”® Although a “triple
rule-out” protocol may be useful to rule out AAD, PE, and
CAD, the overall diagnostic yield of this strategy has not yet
shown to be superior to coronary CTA alone.*”””® Besides
assessing the severity of coronary stenosis, several plaque
characteristics associated with AMI can be assessed
including outward remodeling, spotty calcifications, and
a low-density lipid core.”® Although a >50% coronary
stenosis on CTA is suspicious for a coronary etiology of
chest pain and elevated hs-cTn levels, it may merely be a
coincidental and unrelated finding.*° Computed tomo-
graphic angiography may erroneously exclude AMI or UA
in up to 20% of patients with no or mild CAD, whereas they
remain at high risk for long-term recurrent ischemic events
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and may benefit from antiplatelet therapy.®'®* Rest

myocardial perfusion CT and fractional flow reserve CT
appear promising to further improve the diagnostic yield by
evaluating the functional consequence of a stenosis. >4 A
fractional flow reserve CT-guided strategy has been
associated with fewer unnecessary invasive coronary
angiograms in patients with new-onset chest pain.""3
Delayed enhancement CT may be used to visualize scar
similar to DE-CMR.%*®” Whether these CT technologies also
allow for characterizing myocardial disease in patients with
mildly elevated hscTn levels is unknown. Some studies
suggest that CTA may be useful to detect extracardiac
disease in highly selected patients with acute chest pain and
mildly abnormal cTn levels, but whether these findings are
related to symptoms is disputable.®®

Although patients should be diagnosed as early as possible
to prevent erroneous or delayed therapy, the relatively
low-risk profile allows for deferral of additional noninvasive
imaging for at least 24 hours. 16 Which noninvasive imaging
modality is most useful in these patients is currently
unknown but dependent on several factors. Nevertheless,
the current hscTn era will change the deployment of
noninvasive imaging, from ruling out acute myocardial
disease toward characterizing myocardial disease. The
ongoing CARMENTA trial (NCT01559467) investigates
whether implementing CTA or CMR early in the diagnostic
process in patients presenting with acute chest pain,
nondiagnostic ECGs, and abnormal hscTnT levels can
prevent invasive procedures in comparison to routine clinical
management without adversely affecting outcome.®’
Computed tomographic angiography and CMR have their
own and unique ways to prevent invasive coronary
angiography by excluding (significant) CAD and to detect
other diseases such as AAD and PE (CTA and CMR) or
myocarditis and stress cardiomyopathy (CMR). Further-
more, this trial may help to determine the preferential
imaging modality in this setting, to better define hscTn
cutoff levels that rule in AMI and to improve the
differentiation between types 1 and 2 MI. Especially
patients who have undergone both (non-) invasive
coronary angiography and CMR will be suitable to
investigate the latter.

Patients with markedly abnormal hs-cTn levels

An (early, within <24 hours) invasive approach is usually
recommended in patients with high-risk clinical features
and markedly elevated or rising and/or falling troponin
levels. '>1¢ Although the extent of these values has not been
properly defined yet, the probability of AMI increases
substantially when initial hs-cTn values and “delta” values
changes are higher.?®?>3® Ppatients with persistent
ST-elevation or ST-depression and other high-risk features
(cardiogenic shock, ventricular tachycardias) should un-
dergo immediate invasive coronary angiography that
should not be delayed by routine preprocedural advanced
noninvasive imaging. Despite this, echocardiography can
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occasionally be extremely valuable to assess ventricular
function, complications (myocardial rupture, pericardial
effusion), valvular disease, or other life-threatening diagno-
ses (AAD, PE).

Nonetheless, in up to 20% of patients suspected for AMI
no or nonobstructed (<50%) CAD is found after invasive
coronary angiography.”®®! The differential diagnosis in-
cludes AMI caused by a temporary coronary artery
occlusion (spontaneous recanalization, embolism with
spontaneous thrombolysis, or spasm), myocarditis, stress
cardiomyopathy, PE, or AAD. Evidence for certain diagnoses
can already be obtained during invasive coronary angiogra-
phy and include testing for vasospasm or searching for
vulnerable plaques with intravascular ultrasound or optical
coherence tomography. Cardiovascular magnetic reso-
nance imaging is a very useful secondary diagnostic step
in patients with “normal” coronary arteries, to differentiate
between coronary and noncoronary myocardial
disease.®®7° In the presence of a typical MI pattern (ie,
subendocardial or transmural scar), the coronary angiogram
should be reassessed to search for small-occluded side
branches that initially may have been overlooked. Addition-
al CTA may detect outward remodeled vulnerable plaques
that were initially not apparent, or detect AAD or PE. In the
presence of a typical CMR pattern of MI but normal
coronary arteries on CTA, patients can be tested for a
hypercoagulable state (spontaneous coronary thrombosis)
or paradoxical embolism (patent foramen ovale or atrial
septal defect).

Conclusion

Despite normal contemporary cTn levels in patients with
acute chest pain, ED physicians often needed additional
noninvasive tests to achieve a higher level of confidence
before safely discharging patients. Current hs-cTn assays
now rule out AMI with high confidence and challenge this
need for additional testing. This does not apply for UA,
because hs-cTn assays do not rule out UA. However, the
reduced specificity of the hs-cTn assays for AMI confronts
ED physicians with a new problem because (mildly)
abnormal hs-cTn values are increasingly being encountered
and may reflect an underlying coronary, noncoronary
myocardial disease, or even noncardiac disease. Conse-
quently, a shifting paradigm of the deployment of
noninvasive imaging is anticipated from ruling out toward
characterizing myocardial disease and prevent that patients
are subjected to unnecessary aggressive antithrombotic
treatment and invasive procedures. As evidence is still
building up, the most appropriate imaging modality or even
multicomponent strategy is currently unknown, but an
individualized approach of “tailored diagnostics” seems
plausible. Prospective studies are required that not only
investigate the diagnostic accuracy of imaging modalities,
but also the therapeutic consequences related to the
diagnostic findings.
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