
EDUCATIONAL OBJECTIVE: Readers will diagnose myocardial infarction according to the updated definition

Third universal definition 
of myocardial infarction: 
Update, caveats, differential diagnoses

■■ ABSTRACT

Updated definitions of myocardial infarction (MI) reflect 
research on measuring cardiac troponin to diagnose MI. 
Elevations of this biomarker indicate cardiac injury but not 
always an acute coronary syndrome. Clinical judgment is 
needed to interpret increasingly sensitive biomarker assays 
appropriately. Here, we review the new MI definitions and 
the various causes of elevated troponin to enable physi-
cians to differentiate acute coronary syndromes from other 
conditions.

■■ KEY POINTS

Because newer assays for troponin can detect this bio-
marker at lower concentrations than earlier ones could, 
they are more sensitive but less specific.

The high sensitivity of troponin assays makes them valu-
able for ruling out MI, but less so for ruling it in. There-
fore, additional signs are required for the diagnosis.

MI is categorized into several types, depending on wheth-
er it is spontaneous (acute coronary syndromes), caused 
by supply-demand mismatch, associated with sudden car-
diac death, or a complication of percutaneous coronary 
intervention or of coronary artery bypass grafting. 

In settings in which nonspecific troponin elevations are 
frequently seen, a less sensitive but more specific test 
such as creatine kinase MB or troponin using a higher 
threshold value may be useful.
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I n 2012, a task force of the European 
Society of Cardiology, the American Col-

lege of Cardiology Foundation, the American 
Heart Association, and the World Heart Fed-
eration released its “third universal definition” 
of myocardial infarction (MI),1 replacing the 
previous (2007) definition. The new consen-
sus definition reflects the increasing sensitivity 
of available troponin assays, which are com-
monly elevated in other conditions and after 
uncomplicated percutaneous coronary inter-
vention or cardiac surgery. With a more appro-
priate definition of the troponin threshold af-
ter these procedures, benign myocardial injury 
can be differentiated from pathologic MI.

 ■ TroponinS: The preferred markerS

Symptoms of MI such as nausea, chest pain, 
epigastric discomfort, syncope, and diaphoresis 
may be nonspecific, and findings on electro-
cardiography or imaging studies may be non-
diagnostic. We thus rely on biomarker eleva-
tions to identify patients who need treatment. 
 Cardiac troponin I and cardiac tropo-
nin T have become the preferred markers 
for detecting MI, as they are more sensitive 
and tissue-specific than their main competi-
tor, the MB fraction of creatine kinase (CK-
MB).2 But the newer troponin assays, which 
are even more sensitive than earlier ones, 
have raised concerns about their ability to 
differentiate patients who truly have acute 
coronary syndromes from those with other 
causes of troponin elevation. This can have 
major effects on treatment, patient psyche, 
and hospital costs. 
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 Troponin elevations can occur in patients 
with heart failure, end-stage renal disease, 
sepsis, acute pulmonary embolism, myoperi-
carditis, arrhythmias, and many other condi-
tions. As noted by the task force, these cases 
of elevated troponin in the absence of clinical 
supportive evidence should not be labeled as 
an MI but rather as myocardial injury. 
 Troponins bind actin and myosin filaments 
in a trimeric complex composed of troponins 
I, C, and T. Troponins are present in all mus-
cle cells, but the cardiac isoforms are specific 
to myocardial tissue. 
 As a result, both cardiac troponin I and 
cardiac troponin T, as measured by fourth-
generation assays, are highly sensitive (75.2%, 
95% confidence interval [CI] 66.8%–83.4%) 
and specific (94.6%, 95% CI 93.4%–96.3%) 
for detecting pathologic processes involving 
the heart.3,4 Nonetheless, increases in cardiac 
troponin T (but not I) have been documented 
in patients with disease of skeletal muscles, 
likely secondary to re-expressed isoforms of 
the troponin C gene present in both cardiac 
and skeletal myocytes.3 There has been no 
evidence to suggest that either cardiac tropo-
nin I nor cardiac troponin T is superior to the 
other as a marker of MI. 
 Serum troponin levels detectably rise by 2 
to 3 hours after myocardial injury. This tempo-
ral pattern is similar to that of CK-MB, which 
rises at about 2 hours and reaches a peak in 
4 to 6 hours. However, troponins are more 
sensitive than CK-MB during this early time 
period, since a greater proportion is released 
from the heart during times of cardiac injury.
 The definition of an abnormal troponin 
value is set by the precision of each individual 
assay. The task force has designated the op-
timal precision for troponin assays to be at a 
coefficient of variation of less than 10% when 
describing a value exceeding the 99th per-
centile in a reference population. The 99th 
percentile, which is the upper reference limit, 
corresponds to a value near 0.035 µg/L for 
fourth-generation troponin I and troponin T 
assays.5 Most assays have been adapted to en-
sure that they meet such criteria.

high-sensitivity assays
Over the past few years, “high-sensitivity” 
assays have been developed that can detect 

nanogram levels of troponin. 
 In one study, an algorithm that incorporat-
ed high-sensitivity cardiac troponin T levels 
was able to rule in or rule out acute MI in 77% 
of patients with chest pain within 1 hour.6 
The algorithm had a sensitivity and negative 
predictive value of 100%.
 Other studies have shown a sensitivity of 
100.0%, a specificity of 34.0%, and a negative 
predictive value of 100.0% when using a car-
diac troponin T cutoff of 3 ng/L, while a cut-
off of 14 ng/L yielded a sensitivity of 85.4%, a 
specificity of 82.4%, and a negative predictive 
value of 96.1%.4 With cutoffs as low as 3 ng/L, 
some assays detect elevated troponin in up to 
90% of people in normal reference popula-
tions without MI.7 
 Physicians thus need to be aware that 
high-sensitivity troponin assays should mainly 
be used to rule out acute coronary syndrome, 
as their high sensitivity substantially com-
promises their specificity. The appropriate 
thresholds for various patient populations, 
the appropriate testing procedures with high-
sensitivity assays as compared with the fourth-
generation troponin assays (ie, frequency of 
testing, change in level, and rise), and the 
cost and clinical outcomes of care based on al-
gorithms that use these values remain unclear 
and will require further study.8,9

 ■ TYpeS of mYoCardiaL infarCTion

The task force defines the following categories 
of MI (TABLE 1):

Type 1: Spontaneous myocardial infarction
Type 1, or “spontaneous” MI, is an acute coro-
nary syndrome, colloquially called a “heart at-
tack.” It is primarily the result of rupture, fis-
suring, erosion, or dissection of atherosclerotic 
plaque. Most are the result of underlying ath-
erosclerotic coronary artery disease, although 
some (ie, those caused by coronary dissection) 
are not. 
 To diagnose type 1 MI, a blood sample 
must detect a rise or fall (or both) of cardiac 
biomarker values (preferably cardiac tropo-
nin), with at least one value above the 99th 
percentile. However, an elevated troponin 
level is not sufficient. At least one of the fol-
lowing criteria must also be met: 

Although  
troponin levels  
are elevated  
in nearly  
everyone who  
is having an MI, 
they are also  
elevated in  
many patients  
who are not
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• Symptoms of ischemia
• New ST-segment or T-wave changes or 

new left bundle branch block 
• Development of pathologic Q waves
• Imaging evidence of new loss of viable 

myocardium or new wall-motion abnor-

mality
• Finding of an intracoronary thrombus by 

angiography or autopsy. 
 Type 1 MI therapy requires antithrombotic 
drugs and, with the additional findings, revas-
cularization.

TaBLe 1

The current, third revised universal definition of myocardial infarction

Type Threshold of biomarker Time frame Necessary additional criteria

Type 1:  
Spontaneous

Rise or fall, with at least one value 
above the 99th percentile

None One of the following: 
Symptoms of ischemia 
New ST-T change or LBBB 
New pathologic Q wave on ECG 
Imaging evidence of new loss of viable  
  myocardium or wall motion 
Identification of an intracoronary  
  thrombus by angiography or autopsy a

Type 2:  
Ischemic imbalance 

Rise or fall, with at least one value 
above the 99th percentile 

None Same additional criteria as for type 1

Type 3:  
Cardiac death before 
biomarkers drawn

None None All of the following: 
Symptoms of myocardial ischemia 
New ischemic ECG change or new LBBB 
Cardiac death

Type 4a:  
After percutaneous 
coronary intervention 
(PCI)

One of the following: 
One value > 5 x the 99th percentile 
  with a normal baseline value  
  (≤ 99th percentile) a  
Rise of troponin values > 20%  
  from baseline a 

Within 48 
hours after 
PCI

One of the following a: 
Symptoms of myocardial ischemia 
New ischemic ECG change or new LBBB 
Angiographic findings consistent with  
  a procedural complication 
Imaging evidence of new loss of viable  
  myocardium or wall motion

Type 4b:  
Stent thrombosis

Rise or fall, with at least one value 
above the 99th percentile

None Stent thrombosis detected by coronary 
angiography or autopsy in setting of 
myocardial ischemia

Type 4c:  
PCI restenosis a

Complex lesion with rise or fall, 
with at least one value above the 
99th percentile, or ≥ 50% stenosis 
on coronary angiography

None No significant obstructive CAD follow-
ing initial successful stent deployment or 
dilation of coronary artery stenosis with 
balloon angioplasty (< 50%)

Type 5:  
After coronary artery 
bypass grafting (CABG)

One value > 10 x 99th percentile, 
with a normal baseline value  
(≤ 99th percentile) a 

Within 48 
hours after 
CABG

One of the following: 
New pathologic Q wave or LBBB 
Angiographically documented new graft  
  or new native coronary artery occlusion 
Imaging evidence of new loss of viable  
  myocardium or new regional wall-  
  motion abnormality

a Changed from the second universal definition of myocardial infarction, 2007.11 

CAD = coronary artery disease; CK-MB = MB fraction of creatine kinase; ECG = electrocardiography; LBBB = left bundle branch block; URL = upper range limit
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Type 2:  
due to ischemic imbalance
Type 2 MI is caused by a supply-demand im-
balance in myocardial perfusion, resulting in 
ischemic damage. This specifically excludes 
acute coronary thrombosis, but can result 
from marked changes in demand or supply 
(eg, sepsis) or from a combination of acute 
changes and chronic conditions (eg, tachy-
cardia with baseline coronary artery disease). 
Baseline stable coronary artery disease, left 
ventricular hypertrophy, endothelial dys-
function, coronary artery spasm, coronary 
embolism, arrhythmias, anemia, respiratory 
failure, hypotension, and hypertension can 
all contribute to a supply-demand mismatch 
sufficient to cause permanent myocardial 
damage.
 The criteria for diagnosing type 2 MI are 
the same as for type 1: both elevated tro-
ponin levels and one of the clinical criteria 
(symptoms of ischemia, electrocardiographic 
changes, new wall-motion abnormality, or in-
tracoronary thrombus) must be present. 
 Of importance, unlike those with type 
1 MI, most patients with type 2 MI are un-
likely to immediately benefit from antithrom-
botic therapy, as they typically have no acute 
thrombosis (except in cases of coronary em-
bolism). Therapy should instead be directed 
at the underlying supply-demand imbalance 
and may include volume resuscitation, blood 
pressure support or control, or control of 
tachyarrhythmias. 
 In the long term, treatment to resolve or 
prevent supply-demand imbalances may also 
include revascularization or antithrombotic 
drugs, but these may be contraindicated in the 
acute setting.

Type 3:  
Sudden cardiac death from mi
The third type of MI occurs when myocardial 
ischemia results in sudden cardiac death before 
blood samples can be obtained. Before dying, 
the patient should have had symptoms suggest-
ing myocardial ischemia and should have had 
presumed new ischemic electrocardiographic 
changes or new left bundle branch block. 
 This definition of MI is not very useful 
clinically but is important for population-
based research studies.

Type 4a:  
due to percutaneous coronary intervention
A rise in CK-MB levels after percutaneous 
coronary intervention has been associated 
with a higher rate of death or recurrent MI.10 
Previously, type 4 MI was defined as an eleva-
tion of cardiac biomarker values (> 3 times the 
99th percentile) after percutaneous coronary 
intervention in a patient who had a normal 
baseline value (< 99th percentile).11 
 Unfortunately, using troponin at this 
threshold, the number of cases is five times 
higher than when CK-MB is used, without a 
consistent correlation with the outcomes of 
death or complications.12 Currently, the in-
crease in cardiac troponin after percutaneous 
coronary intervention is best interpreted as a 
marker of the patient’s atherothrombotic bur-
den more than as a predictor of adverse out-
comes.13 
 The updated definition of MI associated 
with percutaneous coronary intervention now 
requires an elevation of cardiac troponin val-
ues greater than 5 times the 99th percentile 
in a patient who had normal baseline values 
or an increase of more than 20% from base-
line within 48 hours of the procedure. As this 
value has been arbitrarily assigned rather than 
based on an established threshold with clini-
cal outcomes, a true MI must further meet one 
of the following criteria: 
• Symptoms suggesting myocardial ischemia
• New ischemic electrocardiographic chang-

es or new left bundle branch block
• Angiographic loss of patency of a major 

coronary artery or a side branch or persis-
tent slow-flow or no-flow or embolization

• Imaging evidence of a new loss of viable 
myocardium or a new wall-motion abnor-
mality.

 Given that troponin levels may be elevat-
ed in up to 65% of patients after uncompli-
cated percutaneous coronary intervention and 
this elevation may be unavoidable,14 a higher 
troponin threshold to diagnose MI and the 
clear requirement of clinical correlates may 
resonate with physicians as a more appropri-
ate definition. In turn, such guidelines may 
better identify those with an adverse event, 
while partly reducing unnecessary hospitaliza-
tion and observation time in those for whom 
it is not necessary.

In the first few  
hours of an MI,  
troponins are  
more sensitive  
than CK-MB
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Type 4b: due to stent thrombosis
Type 4b MI is MI caused by stent thrombo-
sis. The thrombosis must be detected by coro-
nary angiography or autopsy in the setting of 
myocardial ischemia and a rise or fall of car-
diac biomarker values, with at least one value 
above the 99th percentile. 

Type 4c: due to restenosis
Proposed is the addition of type 4c MI, ie, MI 
resulting from restenosis of more than 50%, be-
cause restenosis after percutaneous coronary in-
tervention can lead to MI without thrombosis.15

Type 5: after coronary artery bypass grafting
Similar to the situation after percutaneous 
coronary intervention, increased CK-MB 
levels after coronary artery bypass graft sur-
gery are associated with poor outcomes.16 Al-
though some studies have indicated that in-
creased troponin levels within 24 hours of this 
surgery are associated with higher death rates, 
no study has established a troponin threshold 
that correlates with outcomes.17 
 The task force acknowledged this lack of 
prognostic value but arbitrarily defined type 5 
MI as requiring biomarker elevations greater 
than 10 times the 99th percentile during the 
first 48 hours after surgery, with a normal base-
line value. One of the following additional 
criteria must also be met: 
• New pathologic Q waves or new left bun-

dle branch block
• Angiographically documented new occlu-

sion in the graft or native coronary artery
• Imaging evidence of new loss of viable myo-

cardium or new wall-motion abnormality.

 ■ ChanGeS from The 2007 definiTionS

Updates to the definitions of the MI types 
since the 2007 task force definition can be 
found in TABLE 1. 
 In type 1 and 2 MI, the finding of an in-
tracoronary thrombus by angiography or au-
topsy was added as one of the possible criteria 
for evidence of myocardial ischemia. 
 In type 3 MI, the definition was simplified 
by deleting the former criterion of finding a 
fresh thrombus by angiography or autopsy.
 In type 4a MI, by requiring clinical cor-
relates, the updated definition in particular 

moves away from relying solely on troponin 
levels to diagnose an infarction after percuta-
neous coronary intervention, as was the case 
in 2007. Other changes from the 2007 defini-
tion: the troponin MI threshold was previously 
3 times the 99th percentile, now it is 5 times. 
Also, if the patient had an elevated baseline 
value, he or she can now still qualify as having 
an MI if the level increases by more than 20%. 
 In type 5 MI, changes to the definition 
similarly reflect the need to address overly 
sensitive troponin values when diagnosing an 
MI after coronary artery bypass grafting. To 
address such concerns, the required cardiac 
biomarker values were increased from more 
than 5 to more than 10 times the 99th per-
centile.
 The task force raised the troponin thresh-
olds for type 4 and type 5 MI in response to ev-
idence showing that troponins are excessively 
sensitive to minimal myocardial damage dur-
ing revascularization, and the lack of a tro-
ponin threshold that correlates with clinical 
outcomes.12 Although higher, these values re-
main arbitrary, so physicians will need to exer-
cise clinical judgment when deciding whether 
patients are experiencing benign myocardial 
injury or rather a true MI after revasculariza-
tion procedures.

 ■ oTher CondiTionS  
ThaT raiSe Troponin LeVeLS

As troponin is a marker not only for MI but 
also for any form of cardiac injury, its levels 
are elevated in numerous conditions, such as 
heart failure, renal failure, and left ventricu-
lar hypertrophy. The task force identifies dis-
tinct troponin elevations above basal levels 
as the best indication of new pathology, yet 
several conditions other than acute coronary 
syndromes can also cause dynamic changes in 
troponin levels. 
 Troponin is a sensitive marker for ruling 
out MI and has tissue specificity for cardiac 
injury, but it is not specific for acute coronary 
syndrome as the cause of such injury. Troponin 
assays were tested and validated in patients in 
whom there was a high clinical suspicion of 
acute coronary syndrome, but when ordered 
indiscriminately, they have a poor positive 
predictive value (53%) for this disorder.18 

Troponin levels  
are elevated  
in numerous  
conditions,  
such as  
heart failure,  
renal failure,  
and left  
ventricular  
hypertrophy
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CK-MB may  
still serve as a  
less sensitive  
but more  
specific marker 
of acute 
coronary  
syndrome in 
the presence of 
expected non-
coronary causes 
of increased 
troponins

 Physicians must distinguish between acute 
coronary syndrome and other causes when 
deciding to give antithrombotics. TABLE 2 lists 
common causes of increased troponin other 
than acute coronary syndrome.

heart failure
Some patients with acute congestive heart 
failure have elevated troponin levels. In one 
study, 6.2% of such patients had troponin I 
levels of 1 µg/L or higher or troponin T levels 
of 0.1 µg/L or higher, and these patients had 
poorer outcomes and more severe symptoms.19 
Levels can also be elevated in patients with 
chronic heart failure, in whom they correlate 
with impaired hemodynamics, progressive 
ventricular dysfunction, and death.20 In an 
overview of two large trials of patients with 
chronic congestive heart failure, 86% and 
98% tested positive for cardiac troponin using 
high-sensitivity assays.21

 Troponin levels can rise from baseline and 
subsequently fall in congestive heart failure 
due to small amounts of myocardial injury, 
which may be very difficult to distinguish from 
MI based on the similar presenting symptoms 
of dyspnea and chest pressure.1,22 The in-
creased troponin levels in chronic congestive 
heart failure may reflect apoptosis secondary 
to wall stretch or direct cell toxicity by neuro-
hormones, alcohol, chemotherapy agents, or 
infiltrative disorders.23–26

end-stage renal disease 
Troponin levels are increased in end-stage re-
nal disease, with 25% to 75% of patients hav-
ing elevated levels using currently available 
assays.27–29 With the advent of high-sensitiv-
ity assays, however, cardiac troponin T levels 
higher than the 99th percentile are found in 
100% of patients who have end-stage renal 
disease without cardiac symptoms.30

 Troponin values above the 99th percentile 
are therefore not diagnostic of MI in this popula-
tion. Rather, a diagnosis of MI in patients with 
end-stage renal disease requires clinical signs and 
symptoms and serial changes in troponin levels 
from baseline levels. The task force and the Na-
tional Academy of Clinical Biochemistry recom-
mend requiring an elevation of more than 20% 
from baseline, representing a change in troponin 
of more than 3 standard deviations.31

TaBLe 2

Common causes  
of elevated troponin other than  
acute coronary syndromes

Cardiovascular 
 Heart failure 
 Aortic dissection 
 Arrhythmias  
  (eg, tachycardia, atrial fibrillation) 
 Cardiomyopathy 
 Pericarditis 
 Myocarditis 
 Endocarditis 
 Cardiac contusion 
Cardiac infiltrative disorders 
 Stroke 
 Intracerebral hemorrhage 
 Subarachnoid hemorrhage 
 Kawasaki disease 
 Stress cardiomyopathy

Respiratory 
Pulmonary embolism 
 Respiratory distress syndrome

Inherited disorders and chronic diseases 
 End-stage renal disease 
Neurofibromatosis 
 Duchenne muscular dystrophy 
 Hypertension 
 Hypotension 
 Diabetes

Infections 
 Sepsis 
 Acute viral illness

Iatrogenic  
 Ablation 
 Congenital defect repair 
 Lung resection 
 Endoscopic retrograde cholangiopancreatography 
Cardioversion 
 Chemotherapy

A false-positive interference 
Rheumatoid factor 
Heterophile antibodies 
Alkaline phosphatase 
Fibrin 
Hemolysis

Other 
 Strenuous exercise
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 Increases in troponin in renal failure are 
thought to be the result of chronic cardiac 
structural changes such as coronary artery 
disease, left ventricular hypertrophy, and el-
evated left ventricular end-diastolic pressure, 
rather than decreased clearance.32,33 
 In stable patients with end-stage renal dis-
ease, those who have high levels of cardiac 
troponin T have a higher mortality rate.34 
Although the mechanism is not completely 
clear, decreased clearance of uremic toxins 
may contribute to myocardial damage beyond 
that of the cardiac structural changes.34

Sepsis
Approximately 50% of patients admitted to 
an intensive care unit with sepsis without 
acute coronary syndrome have elevated tro-
ponin levels.35 
 Elevated troponin in sepsis patients has 
been associated with left ventricular dysfunc-
tion, most likely from hemodynamic stress, di-
rect cytotoxicity of bacterial endotoxins, and 
reperfusion injury.35,36 Critical illness places 
high demands on the myocardium, while oxy-
gen supply may be diminished by hypotension, 
pulmonary edema, and intravascular volume 
depletion. This supply-demand mismatch is 
similar to the physiology of type 2 MI, with 
clinical signs and symptoms of MI potentially 
being the only differentiating factor.
 Elevated troponin levels may represent 
either reversible or irreversible myocardial in-
jury in patients with sepsis and are a predictor 
of severe illness and death.37 However, what 
to do about elevated troponin in patients with 
sepsis is not clear. When patients are in the 
intensive care unit with single-organ or multi-
organ failure, the diagnosis and treatment of 
troponin elevations may not take priority.1 Di-
agnosing MI is further complicated by the in-
ability of critically ill patients to communicate 
signs and symptoms. Physicians should also re-
member that diagnostic testing (electrocardi-
ography, echocardiography) is often necessary 
to meet the clinical criteria for a type 1 or 2 
MI in critically ill patients, and that treatment 
options may be limited.

pulmonary embolism
Pulmonary embolism is a leading noncardiac 
cause of troponin elevation in patients in 

whom the clinical suspicion of acute coro-
nary syndrome is initially high.38 It is thought 
that increased troponin levels in patients with 
pulmonary embolism are caused by increased 
right ventricular strain secondary to increased 
pulmonary artery resistance. 
 The signs and symptoms of MI and of pul-
monary embolism overlap, and troponin can 
be elevated in both conditions, making the 
initial diagnosis difficult. Electrocardiography 
and early bedside echocardiography can iden-
tify the predominant right-sided dilatation 
and strain in the heart secondary to pulmo-
nary embolism. Computed tomography should 
be performed if there is even a moderate clini-
cal suspicion of pulmonary embolism.
 The appropriate use of thrombolytics in a 
normotensive patient with pulmonary embo-
lism remains controversial. The significant risks 
of hemorrhage need to be balanced with the 
risk of hemodynamic deterioration. For these 
patients, the combination of cardiac troponin 
I measurement and echocardiography provides 
more prognostic information than each does in-
dividually.39 Troponin elevation may therefore 
be a marker for poor outcomes without aggres-
sive treatment with thrombolytics.
 However, single troponin measurements in 
patients hospitalized early with pulmonary em-
bolism can lead to substantial risk of misdiag-
nosing them with MI. Although the intensity of 
the peak is not particularly useful in the setting 
of pulmonary embolism, two consecutive tropo-
nin values 8 hours apart will allow for more ap-
propriate risk stratification for pulmonary em-
bolism patients, who may have a delay between 
right heart injury and troponin release.40

‘myopericarditis’
It is reasonable to expect that myocarditis—
inflammation of the myocardium—would 
cause release of troponin from myocytes.41 In-
terestingly, however, troponin levels can also 
be elevated in pericarditis.42 The reasons are 
not clear but have been hypothesized as being 
caused by nonspecific inflammation during 
pericarditis that also includes the superficial 
myocardium—hence, “myopericarditis.” 
 We have only limited data on the outcomes 
of patients who have pericarditis with tropo-
nin elevation, but troponin levels did correlate 
with an adverse prognosis in one study.43

Clinical  
judgment  
is essential  
in the  
diagnosis  
and treatment 
of MI
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arrhythmias
A number of arrhythmias have been associat-
ed with elevated troponin levels. Some studies 
have shown arrhythmias to be the most com-
mon cause of high troponin levels in patients 
who are not experiencing an acute coronary 
syndrome.44,45 
 The reasons proposed for increased tropo-
nins in tachyarrhythmia are similar to those 
in other conditions of oxygen supply-demand 
mismatch.46 Tachycardia alone may lead to 
troponin release in the absence of myodepres-
sive factors, inflammatory mediators, or coro-
nary artery disease.46

 Studies have provided only mixed data 
as to whether troponin levels predict new-
onset arrhythmias or recurrence of arrhyth-
mias.47,48 Nonetheless, elevated troponin 
(≥ 0.040 µg/L) in patients with atrial fi-
brillation has independently correlated 
with increased risk of stroke or systemic 
embolism, death, and other cardiovascular 
events. This is clinically important, as tro-
ponin elevations higher than these levels 
adds prognostic information to that given 
by the CHADS2 stroke score (congestive 
heart failure, hypertension, age ≥ 75 years 
diabetes mellitus, and prior stroke or tran-
sient ischemic attack) and thus can inform 
appropriate anticoagulation therapy.49 

 ■ USe of Troponin VaLUeS

Troponins are highly sensitive assays with high 
tissue specificity for myocardial injury, but lev-
els can be elevated in non-MI conditions and 
in MIs other than type 1. As with any diag-
nostic test applied to a population with a low 
prevalence of the disease, troponin elevation 
has a low positive predictive value—53% for 
acute coronary syndrome.18 
 Unfortunately, in clinical practice, troponins 
are measured in up to 50% of admitted patients, 
a small proportion of whom have clinical signs or 
symptoms of MI.50 Often, clinicians are left with 
a positive troponin of unknown significance, po-
tentially leading to unnecessary diagnostic test-
ing that detracts from the primary diagnosis.
 Dynamic changes in troponin values (eg, 
a change of more than 20% in a patient with 
end-stage renal disease) are helpful in distin-
guishing acute from chronic causes of troponin 
elevation. However, such changes can also oc-
cur with acute or chronic congestive heart fail-
ure, tachycardia, hypotension, or other condi-
tions other than acute coronary syndrome.
 The absolute numerical value of troponin 
can help assess the significance of troponin el-
evation. In most non-MI and non-acute coro-
nary syndrome causes of troponin elevation, 
the troponin level tends to be lower than 1 
µg/mL (FIGURE 1). Occasional exceptions oc-
cur, especially when multiple conditions co-
exist (end-stage renal disease and congestive 
heart failure, for example). In contrast, most 
patients with acute coronary syndromes have 
either clear symptoms or electrocardiographic 
changes consistent with MI and a troponin 
that rises above 0.5 µg/mL.
 The task force discourages the use of sec-
ondary thresholds for MI, as there is no level 
of troponin that is considered benign. While 
any troponin elevation carries a negative 
prognosis, such prognostic knowledge may not 
be particularly helpful in deciding whether to 
anticoagulate patients or attempt revascular-
ization procedures. 
 We thus recommend using a threshold 
higher than the 99th percentile to distinguish 
acute coronary syndromes from other causes of 
troponin elevations. The particular threshold for 
decision-making should vary, depending on how 
strongly one clinically suspects an acute coronary 

Tachycardia 
alone may lead 
to troponin 
release in the 
absence of 
myodepres-
sive factors, 
inflammatory 
mediators, or 
coronary artery 
disease

0.01 µg/L

0.1 µg/L

1 µg/L

10 µg/L

100 µg/L

FIGURE 1. Approximate troponin blood concentrations and 
corresponding possible causes.

ACS = acute coronary syndrome; CK-MB = MB fraction of creatine kinase; MI = myocardial 
infarction; NSTEMI = non-ST-segment elevation MI; STEMI = ST-segment elevation MI

Large MI 
(STEMI)

Medium MI 
(STEMI)

NSTEMI/ACS (CK-MB-positive), 
severe type 2 MI, myocarditis, 
shock, stress cardiomyopathy

NSTEMI/ACS (CK-MB-negative), most type 2 MIs, 
myopericarditis, pulmonary embolism, shock, 
acute congestive heart failure, renal failure

Stable angina, chronic congestive heart failure, 
tachyarrhythmias, left ventricular hypertrophy, micro MI

Healthy individuals
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syndrome. For instance, a cardiac troponin I lev-
el of 0.2 µg/mL in an otherwise healthy patient 
with chest pain and ST-segment depression is 
more than sufficient to diagnose acute coronary 
syndrome. In contrast, an end-stage renal disease 
patient with hypertensive cardiomyopathy who 
presents only with nausea should have a level 
markedly higher than his or her baseline value 
(and likely > 0.8 µg/mL) before acute coronary 
syndrome should be diagnosed.

 ■ Ck-mB’S roLe in The Troponin era

Some proponents of troponin assays, includ-
ing those on the task force, have suggested that 
CK-MB may no longer be necessary in the 
evaluation of acute MI.51 In the past, CK-MB 
had more research supporting its use in quanti-
fying myocardial damage and in diagnosing re-
infarction, but some data suggest that troponin 
may be equally useful for these applications.52,53 
 These comments aside, CK-MB measure-
ments are still widely ordered with troponin, 
a probable response to the clinical difficulty 
of determining the cause and significance of 
troponin elevations. Although likely less com-
mon with recent assays, a small subgroup of 
patients with acute coronary syndrome will be 
CK-MB–positive and troponin-negative and at 
higher risk of morbidity and death than those 
who are troponin- and CK-MB–negative.54,55

 Troponin levels are elevated in many chron-
ic conditions, whereas CK-MB levels may be 
unaffected or less affected. In some cases, such 
as congestive heart failure or renal failure, tro-
ponins may be both chronically elevated and 
more than 20% higher than at baseline. In a 
clinical context in which a false-positive tropo-
nin assay is likely, the addition of a CK-MB as-
say may help determine if a rise (and possibly a 
subsequent fall) in the troponin level represents 
true MI. More importantly, deciding on anti-
thrombotic therapy or revascularization is often 

based on whether a patient has acute coronary 
syndrome, rather than a small MI from demand 
ischemia. CK-MB may thus serve as a less sen-
sitive but more specific marker for the larger 
amount of myocardial damage that one might 
expect from an acute coronary syndrome. 
 CK-MB testing also may help determine the 
acuity of an acute coronary syndrome for patients 
with known causes of increased troponin. A neg-
ative CK-MB value in the presence of a troponin 
value elevated above baseline could indicate an 
event a few days prior. 
 Finally, the approach of ordering both tro-
ponin and CK-MB may be particularly help-
ful in diagnosing type 4 and 5 MIs, as current 
guidelines suggest that more research is need-
ed to determine whether current troponin 
thresholds lead to clinical outcomes.

 ■ CLiniCaL jUdGmenT iS neCeSSarY

The updated definition raises the biomarker 
threshold required to diagnose MI after re-
vascularization procedures and reemphasizes 
the need to look for other signs of infarction. 
This change reflects the sometimes excessive 
sensitivity of troponin assays for minimal 
and often unavoidable myocardial damage 
that occurs in numerous conditions. 
 With sensitive troponin assays, clinical judg-
ment is essential for separating true MI from 
myocardial injury, and acute coronary syndrome 
from demand ischemia. Clinicians will now 
be forced to be cognizant of their suspicion for 
acute coronary syndrome in the presence of 
multiple noncoronary causes of increased tropo-
nin with little practical guideline guidance. In 
settings in which troponin elevation is expected 
(eg, congestive heart failure, end-stage renal fail-
ure, shock), a higher cardiac troponin threshold 
or CK-MB may be useful as a less sensitive but 
more specific marker of significant myocardial 
damage requiring aggressive treatment.	 ■
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