MEDICAL PRACTICE

Appropriate Roles of Cardiac Troponins in Evaluating
Patients With Chest Pain

Matthew S. Rice, MD, CPT, MC, USA, and David C. MacDonald, DO, MC, USA

Background: Diagnosis of acute myocardial infarction relies upon the clinical history, interpretation of the
electrocardiogram, and measurement of serum levels of cardiac enzymes. Newer biochemical markers of
myocardial injury, such as cardiac troponin I and cardiac troponin T, are now being used instead of or along
with the standard markers, the MB isoenzyme of creatine kinase (CK-MB) and lactate dehydrogenase.
Methods: We performed a MEDLINE literature search (1987 to 1997) using the key words “troponin I,”
“troponin T,” and “acute myocardial infarction.” We reviewed selected articles related to the diagnostic and
prognostic usefulness of these cardiac markers in evaluating patients with suspected myocardial infarction.
Results: We found that (1) troponin I is a better cardiac marker than CK-MB for myocardial infarction
because it is equally sensitive yet more specific for myocardial injury; (2) troponin T is a relatively poorer
cardiac marker than CK-MB because it is less sensitive and less specific for myocardial injury; and (3) both
troponin I and troponin T may be used as independent prognosticators of future cardiac events.
Conclusions: Troponin I is a sensitive and specific marker for myocardial injury and can be used to
predict the likelihood of future cardiac events. It is not much more expensive to measure than CK-MB. Over-
all, troponin 1 is a better cardiac marker than CK-MB and should become the preferred cardiac enzyme when

evaluating patients with suspected myocardial infarction. (J Am Board Fam Pract 1999;12:214-8.)

The diagnosis of acute myocardial infarction de-
pends upon the patient’s clinical history, interpre-
tation of the electrocardiogram (ECG), and mea-
surement of serum levels of cardiac enzymes.
Diagnostic uncertainty frequently arises because of
a variety of factors. Many patients with acute my-
ocardial infarction have atypical symptoms, and
one half of patients with typical symptoms do not
have acute myocardial infarction. One half of pa-
tients with acute myocardial infarction have nondi-
agnostic ECGs, and some patients are unable to
provide a history. Biochemical markers of cardiac
injury are therefore commonly relied upon to di-
agnose or exclude acute myocardial infarction.!?
An ideal serum marker would be both 100 per-
cent sensitive to myocardial infarction (always de-
tected in serum after acute myocardial infarction)
and 100 percent specific to myocardial infarction
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(detected in serum only after acute myocardial in-
farction). Such a marker would rise to detectable
serum levels soon after acute myocardial infarc-
tion and would be simple and inexpensive to de-
tect. Such an ideal marker would improve diag-
nostic clarity. Rapid and confident exclusion of
acute myocardial infarction is important so that
patients with noncardiac chest pain are not unnec-
essarily hospitalized for treatment (of course,
other serious causes of chest pain should be ex-
cluded as well). Unfortunately, no such ideal
marker is available.

Serum markers in current clinical use include
the MB isoenzyme of creatine kinase (CK-MB),
myoglobin, and cardiac troponins T and I. These
various proteins are released from myocardial cells
after an insult, such asischemia or infarct, and can
be detected in the serum within hours of myocar-
dial injury. Currently CK-MB is the serum cardiac
marker relied upon as the diagnostic reference
standard for acute myocardial infarction.

The diagnostic utility of CK-MB is limited,
however, because it lacks specificity for myocardial
injury (rendering false-positive results). Also, CK-
MB might fail to rise to abnormal levels in all pa-
tients with acute myocardial infarction, rendering
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Table 1. Sensitivities of Troponin T and CK-MB for Acute
Myocardial Infarction, by Hours After Onset of Chest
Pain,

Marker 3h 4h 5h 6h 7h 8h
TroponinT 34 48 67 73 78 84
CK-MB 36 63 80 87 95 95

From De Winter et al.4

false-negative results. The relatively brief duration
of CK-MB elevation following acute myocardial
infarction limits its value as a cardiac marker in pa-
tients who have delayed symptoms. This article
will examine two new serum markers—troponin T
and troponin I. The udlity and clinical application
of these markers will be discussed in regard to eval-
uating patients with chest pain.

Physiologic Function of Cardiac Troponins

The cardiac myofibril (the contractile element of
the myocyte) is composed of two subunits, myosin
and actin. The actin filament is composed of inter-
woven strands of F-actin and tropomyosin. Three
loosely bound protein subunits (troponin I, tro-
ponin T, and troponin C) are attached to the
tropomyosin filament. Troponin I has a strong
affinity for actin; troponin T has a strong affinity
for tropomyosin; and troponin C binds to calcium
ions. In the presence of the troponin and tropo-
myosin complex, actin is inhibited from binding to
myosin. When calcium ions are added, they bind
to troponin C, and the troponin complex under-
goes a conformational change, “tugging” on tro-
pomyosin, thereby exposing the active sites on
actin and allowing it to bind to myosin. All three
troponins are integrally involved in the process of
myofibril contraction and relaxation.’

Cardiac Troponin T Sensitivity, Specificity,
Serum Detection Time, and Prognostic Value
Troponin T Is Not More Sensitive Than CK-MB

Jor Acute Myocardial Infarction

De Winter et al* studied the sensitivity of tro-
ponin T for acute myocardial infarction in 30
emergency department patients who had chest
pain and found that the sensitivity of CK-MB was
significantly better than that of troponin T in the
early diagnosis of acute myocardial infarction
(Table 1). Mair et al® in a study of 37 patients
found that within 4 hours of chest pain onset, the
sensitivity of CK-MB (54 percent) was not signifi-

Table 2. Cumulative Sensitivities and Specificities

of Troponin T and CK-MB for Retrospective Diagnosis
of Acute Myocardial Infarction (12 to 48 Hours After
Onset of Chest Pain).

Marker Sensidvity Specificity
Troponin T 98.2 68.8
CK-MB 96.8 89.6

From Wu and Lane.$
CK-MB - MB isoenzyme of creatine kinase.

cantly different from that of troponin T (46 per-
cent).

In a meta-analysis of 8 troponin T studies, Wu
and Lane® found no significant difference between
the sensitivities of troponin T and CK-MB for
retrospective diagnosis of acute myocardial infarc-
tion, 12 to 48 hours after onset of chest pain

(Table 2).

Troponin T Is Not More Specific Than CK-MB

Jor Acute Myocardial Infarction

Wu and Lane’s meta-analysis® found that CK-MB
was significantly more specific than troponin T
for acute myocardial infarction (Table 2). De
Winter et al* in a study of 30 patients confirmed
that the specificity of CK-MB (90 percent) was
significantly better than that of troponin T (80
percent) at 24 hours after onset of chest pain.

The specificity of troponin T for myocardial in-
jury is limited because it is expressed in diseased
and stressed skeletal muscle as well as in the cardiac
myofibril. Although the troponin T gene is sup-
pressed in healthy adult skeletal muscle, it is re-ex-
pressed in diseased (polymyositic, dystrophic) and
chronically stressed skeletal muscle. Troponin T is
also found in the serum of uremic patients. Conse-
quently, in patients with chest pain and concurrent
chronic skeletal muscle injury, muscle disease, or
kidney disease, troponin T assays might yield false-
positive results.’’

Serum Levels of Troponin T Remain Elevated Longer
Than Levels of CK-MB

Both CK-MB and troponin T can be detected in
serum within the first few hours after onset of
acute myocardial infarction. CK-MB levels peak
at 10 to 24 hours after acute myocardial infarction
and disappear after 3 to 4 days. Troponin T levels
peak at 14 hours after acute myocardial infarction,
peak again several days later (biphasic peak), and
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remain abnormal for 10 days.! This characteristic
could make troponin T (in combination with CK-
MB) useful for retrospective diagnosis of acute
myocardial infarction in patients who seek care
very late.

Troponin T Assays Are a Valuable Prognostic Tool
Troponin T is a good independent prognosticator
of adverse outcomes in patients with unstable
angina or non-Q-wave myocardial infarction. Pa-
tients with elevated troponin T levels are at a
much higher risk for future acute myocardial in-
farction, cardiac death, or the need for coronary
revascularization; therefore, the troponin T level
might be useful as a patient risk-stratifying tool.?

Cardiac Troponin I Sensitivity, Specificity, Serum
Detection Time, and Prognostic Value

Troponin I Is at Least as Sensitive as CK-MB for Acute
Myocardial Infarction

Troponin I has been found to be a highly sensitive
marker for acute myocardial infarction and is
equal or superior to the sensitivity of CK-MB.
This sensitivity improves with time after injury,
reaching its plateau about 12 hours after acute
myocardial infarction. Bodor et al® and Cummins
et all%1! found that the sensitivity of CK-MB and
troponin I were equivalent for acute myocardial
infarction. The Bodor et al study of 30 patients
who had acute myocardial infarction showed that
the sensitivities of CK-MB and troponin I were
both 93 percent by 12 hours after chest pain onset.
In a study of 37 patients, Mair found that the sen-
sitivity of troponin I was equivalent to that of CK-
MB for acute myocardial infarction within the
first 4 hours after chest pain onset (49 and 54 per-
cent, respectively).” Cummins et al!! found abnor-
mal levels of troponin I in all of 32 patients with
acute myocardial infarction 12 hours after onset of
chest pain, yielding a sensitivity of 100 percent.
Adams et al,!? in a study of 89 patients with chest
pain, found a troponin I sensitivity of 96.6 percent
for acute myocardial infarction within 48 hours af-
ter chest pain onset.

In another study, Adams et al'® performed two-
dimensional echocardiography and measured
serum levels of troponin I and CK-MB in 215 pa-
tients; including 37 with acute skeletal muscle
trauma, 10 with chronic muscle disease (poly-
myositis, Duchenne muscular dystrophy, and idio-
pathic myopathy), 9 marathon runners, and 159

chronic dialysis patients. In this study, troponin I
was elevated in every patient who was found to
have regional wall abnormalities on echocardio-
gram (the reference standard for diagnosing acute
myocardial infarction in patients with concurrent
skeletal muscle trauma), yielding a 100 percent
concordance with echocardiography for sensitiv-
ity to acute myocardial infarction.

Troponin 1 Is Superior to CK-MB in Specificity

Jfor Acute Myocardial Infarction

In the echocardiography study by Adams et al,13
CK-MB elevations were common among patients
with skeletal muscle trauma and disease. Troponin
I was not elevated in a single patient with skeletal
muscle trauma, chronic muscle disease, or renal
failure unless there was concurrent echocardio-
graphic evidence of acute myocardial injury. Es-
sentially, in this study, troponin I had a specificity
of 100 percent for myocardial injury.

Whereas the specificity of troponin I appears
to be superior to that of CK-MB, false-positives
for acute myocardial infarction have been noted.
It is believed, however, that these false-positives
actually are markers of cardiac injury. Adams et
al!? found elevated troponin I levels in only 5 of 99
chest pain patients without acute myocardial in-
farction, yielding a specificity of 95 percent. These
5 patients had unstable angina and possibly had
subclinical infarcts. Bodor et al® also found slightly
elevated levels of troponin I in patients who had
ischemic heart disease and proposed that small
amounts of troponin I had leaked from ischemic
myocardial cells or that those patients had small,
clinically undetectable infarcts. Nevertheless, tro-
ponin I levels in the serum of ischemic patients
were much lower than troponin I levels detected
in the serum of patients who had an acute myocar-
dial infarction. As with CK-MB, serum levels of
troponin I directly correlate with the size and
severity of the myocardial insult.!!

The specificity of troponin I for myocardial in-
jury is high because it has a unique amino acid se-
quence and is not expressed in either fetal skeletal
muscle, acutely injured skeletal muscle, chroni-
cally diseased or stressed skeletal muscle, or in the
serum of uremic patients. As a result, the troponin
I assay can assist the clinician in diagnosing or ex-
cluding acute myocardial infarction in patients
with concurrent uremia, skeletal muscle disease,
or acute or chronic skeletal muscle trauma.4
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Levels of Troponin I Remain Elevated Longer Than
Levels of CK-MB

Several studies have shown that serum levels of
both troponin I and CK-MB rise above normal
within 5 to 7 hours after onset of acute myocar-
dial infarction and reach peak serum levels at
about 12 hours after acute myocardial infarction,
but that troponin I remains elevated significantly
longer than CK-MB.%%-!1 Like troponin T, tro-
ponin I has a second peak after several days. The
first peak is due to the release of free troponin
from the myocardial cytosol (where it is synthe-
sized), and the second peak is from the release of
bound troponin from degenerating myofibrils.
Serum troponin I levels remain elevated for up to
8 days after acute myocardial infarction and could
therefore replace lactate dehydrogenase (LDH)
as a more specific long-term myocardial marker.!!

Troponin I Assays Are a Valuable Prognostic Tool

As with troponin T, elevated troponin I levels pre-
dict a higher likelihood of future acute myocardial
infarction or cardiac death; and troponin I can be
used as a risk stratifier to select high-risk patients
who are in need of more aggressive therapy, such
as angioplasty or bypass grafting.!s

Summary

TroponinT

For early diagnosis of acute myocardial infarction,
troponin T has no diagnostic advantage to CK-
MB. The sensitivity of troponin T is less than or
equivalent to that of CK-MB; the specificity of
troponin T is impaired because troponin T is ex-
pressed in the serum of patients with uremia or
damaged or diseased skeletal muscle; and the time
to serum detection for troponin T is equivalent to
that for CK-MB. Troponin T can be used as a
prognostic tool and risk stratifier. Although the
laboratory turnaround time for both tests is about
2 hours, the cost for a troponin T assay is substan-
tially more than the cost of a CK-MB assay ($41
versus $9) (Madigan Army Medical Center chem-
istry laboratory).

Troponin |

Current studies suggest that compared with CK-
MB, troponin I offers considerable advantages in
the early diagnosis of acute myocardial infarction.
The sensitivity of troponin I is equivalent to that of
CK-MB, and troponin I is much more specific for

myocardial injury. An abnormal troponin I level is
therefore more likely to represent true infarction.
Troponin I serum detection time is equivalent to
that of CK-MB. Troponin 1 is a prognostic indica-
tor of future infarction or cardiac death. The cost
of a troponin I assay ($15) is slightly more than the
cost of a CK-MB assay ($9), and the laboratory
turnaround time for both tests is about 2 hours
(Madigan Army Medical Center chemistry labora-
tory). Troponin I levels determined in the emer-
gency department add higher specificity for myo-
cardial injury without sacrificing sensitivity, time,
or an undue amount of money.

Addendum

At this time, newer point-of-care serum assays for
CK-MB, troponins, and myoglobin are available.
These enable rapid (within minutes) serum testing
for cardiac markers.
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