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Evaluation of patients for possible
acute myocardial infarction (AMI)

is frequently difficult. The diagnosis of
AMI is generally based on electrocar-
diographic (ECG) findings and serial car-
diac serum enzymes. Creatine kinase-
MB (CK-MB), similar to other serum

markers, is not highly specific for car-
diac disease. Several conditions that can
cause false elevations of CK-MB levels
include rhabdomyolysis, renal failure,
hypothyroidism, and heart failure.1-3 CK-
MB false negatives can be found in
patients with lean muscle mass.4 This

has stimulated interest in developing more
specific cardiac markers, unaffected by
these other conditions, for example, tro-
ponin I.

Cardiac troponin I is a regulatory
protein reported to have a high speci-
ficity for cardiac injury due to a unique
31 amino acid sequence at its N-termi-
nal end that provides high potential for
obtaining cardiac-specific antibodies.5
Troponin I is present in three isoforms:
cardiac, skeletal slow-twitch, and skele-
tal fast-twitch, encoded by three separate
genes. However, cardiac troponin I is
expressed as a single isoform in adult
heart that is not expressed in skeletal
muscle.6

Several benefits of troponin I have
been reported in the literature. It is spe-
cific for heart muscle, and the antibod-
ies used in the assay do not react with
other troponins.1 It has a higher dis-
criminator value because it has a 13-
fold greater concentration in heart mus-
cle than CK-MB.7 When there is skeletal
muscle injury, the troponin I level is only
elevated if there is concomitant myocar-
dial damage.8 Troponin I is not report-
ed to increase in acute or chronic mus-
cle disease,9 after physical exercise,8 as a
result of renal failure,10 or in patients
with hypothyroidism.3 Its serum con-
centration in AMI is independent of the
muscle mass, an advantage for patients
with little muscle mass.4 The results of
the assay are available in the same time
frame as CK-MB, with a similar cost
per assay as CK-MB.7 The rise to a pos-
itive value has been reported similar to
CK-MB.11 Its long half-life can replace
lactate dehydrogenase isoenzymes,12

which is advantageous in patients who
have a delayed presentation for evalua-
tion after an AMI. Specific uses of tro-
ponin I already reported are its use in the
perioperative patient and potential use in
diagnosing cardiac contusion.13,14 In a
blinded single-center study of critically ill
patients, Guest and colleagues found an
unexpectedly high incidence of myocar-
dial injury associated with elevated lev-
els of troponin I, and this was not obvi-
ous by other biochemical markers.15

Troponin I has also proven to be a util-
ity for risk stratification.16,17
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This article describes the sensitivity and specificity of troponin I when com-
pared to creatine kinase-MB (CK-MB) and electrocardiography (ECG) for diag-
nosing acute myocardial infarction (AMI). Two different lower levels for defin-
ing positive results with troponin I were evaluated.

A retrospective study of 153 patients who presented to the emergency
department of a community hospital supplied the pool of patients for this study.
Patients included in this study were those for whom a CK-MB was ordered. The
majority of these patients were evaluated for chest pain or symptoms suggesting
an acute cardiac event.

Of the 153 patients studied, CK-MB results were positive in 91 (59%)
patients; ECG revealed AMI in 72 (47%) patients. There were 103 (67%)
patients who had either positive CK-MB or ECG results. Ninety (59%) patients
had a troponin I level greater than 2.0 ng/mL, and 18 (12%) patients had a tro-
ponin I level between 0.6 and 2.0 ng/mL. Seven patients whose troponin I level
was between 0.6 and 2.0 ng/mL had negative CK-MB and ECG results.  There-
fore, 11 patients with troponin I between 0.6 and 2.0 ng/mL had AMI. Five
patients with positive troponin I results (�2.0 ng/mL) had negative CK-MB and
ECG results.

When a troponin I level greater than 0.6 ng/mL was used as a positive
value, compared to CK-MB and ECG using either time zero or time 6 hours, the
sensitivity was 94% and specificity was 81%.  When troponin I greater than 2.0
ng/mL was used to define a positive test, the sensitivity was 85% and specifici-
ty was 91% when compared to CK-MB and ECG.
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The lower level reference positive
value for troponin I in serum is not firm-
ly established. This is primarily due to
lack of standardization of the procedure
for measuring troponin I and limited
size of populations studied. A positive
test value of 0.6 ng/mL is recommended
by the manufacturer (Dade-Behring,
Deerfield, Ill). The literature reports var-
ious positive levels that differ from 0.6
ng/mL. A study of troponin I in 157
individuals with chest pain indicated a
specificity of 99.2% when using a level
of 1.5 ng/mL.18 Another study showed
that 99% of 75 healthy blood donors
had troponin I levels below 0.26
ng/mL.19 Using a positive value of 0.4
ng/mL, Antman obtained a negative pre-
dictive value of 99%.16 Adams used 1.5
ng/mL in a study of perioperative AMI,13

and Brogan and colleagues used 1.4
ng/mL in an evaluation of patients with
cardiac ischemia.20 Zaninotto and oth-
ers determined a positive value of 1.0
ng/mL for the diagnosis of AMI.19

Troponin I is not present in healthy
patients without acute ischemic syn-
dromes.8,21 Keffer noted that troponin I
levels can be elevated in coronary
ischemia,22 yet the clinician is primarily
interested in utilizing the positivity of
troponin I when it represents an AMI—
the manufacturer’s current recommen-
dations for a positive value of greater
than 0.6 ng/mL do not take this into
account.

For this study, 0.6 ng/mL (as recom-
mended by the manufacturer) was used
to represent the lowest positive value
for AMI. We arbitrarily chose 2.0 ng/mL
as a higher positive level for study pur-
poses, a compromise from the above-
reported values. This study evaluates the
sensitivity and specificity of troponin I
when compared to CK-MB and ECG
for diagnosing AMI.

Materials and methods
A retrospective study of the patients who
presented to the emergency department
of a community hospital was conducted
from August 29, 1996 to November 21,
1996. Patients included in this study
were those for whom a creatine kinase
(CK) was ordered. Blood samples were

drawn into tubes with no preservatives.
Whenever a CK assay was ordered, a
CK-MB was also performed. The major-
ity of these patients were evaluated for
chest pain or symptoms suggesting an
acute cardiac event. During this period,
approximately 7825 patients came
through the emergency department, and
a total of 3201 assays were performed
for CK and CK-MB on 1479 patients
(age, 29 to 103 years; 52% male, 48%
female).

Whenever the serum CK-MB was
greater than 9 ng/mL, the troponin I
assay was done on the same serum spec-
imen. Nine ng/mL was the laboratory’s
screening value in place for selecting
which specimens should have troponin
I performed. Serum specimens were
obtained at time zero and at 6 hours
postpresentation. The troponin I test
was performed only when specially
trained personnel were available. Due
to the limitation of availability of trained
personnel, the tests were performed on
consecutive patients during the shifts the
trained personnel worked and not per-
formed on the days they were off.

A total of 121 patients met the crite-
rion of CK-MB greater than 9 ng/mL
to have serum troponin I analyzed. For
the control group, an additional 32 ran-
domly chosen patients without cardiac
symptoms whose CK-MB was less than
9 ng/mL had troponin I analyzed. In
seven patients, time zero data were
included in the analysis, but a second
ECG and cardiac markers at 6 hours
were not performed because the patients
were transferred to other facilities before
the 6-hour specimen was collected.

No attempt was made to include or
exclude patients from this study on the
basis of thrombolytic therapy. Results
of troponin I assays were never disclosed
to the emergency department physician,
admitting physician, or consultants dur-
ing the course of this study.

The catalytic activity of the total CK
was measured on the Dimension Ana-
lyzer (Dade-Behring), and the CK-MB
concentration was measured on the Stra-
tus II Analyzer (Dade-Behring). At our
hospital, a CK-MB value greater than
14 ng/mL and its corresponding index

[(CK-MB � 100)/ total CK] greater than
3.5% in any of the collected specimens
was considered positive for AMI. A CK-
MB increase by a factor of two from
the first test until the second was also
considered positive. Either a positive
ECG finding or positive CK-MB cardiac
marker constituted criteria for AMI.

The serum troponin I concentration
was measured on the Stratus II Analyz-
er. The performance characteristics (lin-
earity, minimum detection limit, stan-
dard deviation, etc.) of the assay were
close to those of other investigators.11,12

ECGs were interpreted with the
physician blinded to the results of the
enzymes and clinical data and were con-
sidered positive for AMI using the MILIS
criteria.23 These criteria include any of
the following:
� new or presumably new Q waves of
at least 30-ms duration and 2-mm depth
(10 mm = 1.0 mV),
� new or presumably new ST-segment
elevation or depression of at least 1 mm
(ST-segment elevations were measured
0.02 seconds, and ST-segment depres-
sions 0.08 seconds after the J point) in at
least 2 of the 3 diaphragmatic leads (II,
III, aVF), in at least 2 of the 6 precordial
leads, or in leads I and aVL, or
� new left bundle branch block.

Results
Of the 153 patients studied, CK-MB
results were positive in 91 (59%)
patients. ECG revealed AMI in 72 (47%)
patients.  There were 103 (67%) patients
who had either positive CK-MB or ECG
results.

There were 90 (59%) patients with a
troponin I level greater than 2.0 ng/mL
and 18 (12%) patients with troponin I
between 0.6 and 2.0 ng/mL. Seven
patients whose troponin I was between
0.6 and 2.0 ng/mL had negative CK-
MB and ECG results. Therefore, 11
patients with troponin I between 0.6
and 2.0 ng/mL had an AMI. Five
patients with positive troponin I results
(>2.0 ng/mL) had negative CK-MB and
ECG results.

When a troponin I level greater than
0.6 ng/mL was used as a positive value,
compared to CK-MB and ECG using
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either time zero or time 6 hours, the sen-
sitivity was 94% and specificity was
81%. When troponin I greater than 2.0
ng/mL was used to define a positive test,
the sensitivity was 85% and specificity
was 91% when compared to CK-MB
and ECG.

The five patients whose troponin I
results were positive but who had nega-
tive CK-MB and ECG results underwent
an implicit chart review. Three of these
patients presented at least a day after
onset of their symptoms. The seven
patients whose troponin I levels were
between 0.6 and 2.0 ng/mL but who
had negative CK-MB and ECG results
also underwent implicit chart review.
One patient had signs of acute ischemia
on their ECG (T wave inversion and
slight ST depression not seen on a prior
ECG).  Three patients had heart failure.
One patient expired from aspiration
pneumonia, and one patient who was
admitted for an acute stroke expired
from cardiopulmonary arrest. No clini-
cal impressions were documented for
AMI in any of these cases. Two charts
were not available for review.

Discussion
Because there is a lack of agreement in
the literature for a positive value for tro-
ponin I and its clinical impact,24 the cur-
rent study retrospectively evaluated data
for two different positive values.  The
sensitivity of troponin I being positive
at 0.6 ng/mL was 94%, and 85% when
a troponin I level greater than 2.0 ng/mL
was used to define a positive value. The
specificity of troponin I being positive
at 0.6 ng/mL was 81%, and 91% when
a troponin I level greater than 2.0 ng/mL
was used to define a positive value. As
noted above, others have reported a
much higher specificity.18 This may be
due to presentation time from time of
onset of symptoms in this particular sub-
urban population. As mentioned, this
study was performed using the Dade-
Behring system. This may limit the abil-
ity to extrapolate the results to other
systems.

Based on the current study and review
of the literature, the authors believe that
troponin I should be serially assayed as

other markers (two specimens at 6 hours
apart) to rule in AMI. There were several
patients with positive troponin I results
whose CK-MB and ECG results were
negative. Assuming the above-mentioned
references truly represent troponin I as a
reliable test for diagnosing AMI, it is
worthwhile to measure both CK-MB
and troponin I levels to decrease the
number of AMIs missed by one marker
alone.

For patients with possible acute coro-
nary ischemic syndromes, troponin lev-
els between 0.6 and 2.0 ng/mL should
probably be considered, indeterminate
for AMI. When the level is greater than
2 ng/mL, it probably represents an AMI.

The main limitation of the current
study is its size. Larger studies to evalu-
ate the sensitivity and specificity for AMI
using troponin I at lower levels are need-
ed. Also, since this study was performed,
the manufacturer changed its recom-
mendation to include obtaining the
blood specimen in a lithium/heparin-
prepared collection tube. This avoids
micro-clots, which may have caused
false-positive values.
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The recent characterization of the
pathophysiology of asthma has led to

the development of new modes of thera-
py.1 In particular, studies of leukotrienes
and their role in asthma have prompted
great interest in agents that affect leu-
kotriene activity.2-4 This article describes
the role of leukotrienes in asthma, the
biological effects of antileukotriene agents,
and the clinical role of these compounds
in patients with asthma.

The most important advance in our
understanding of asthma has been a
recognition of the major role played by

airway inflammation; thus, research has
focused on control of inflammatory
mechanisms. Important inflammatory
events associated with asthma include
the recruitment of eosinophils into the
airway tissues5 and the activation and
degranulation of mast cells.6 Antigens
cause mast cells to become activated
and degranulate when they bind to anti-
gen-specific receptors on the cell mem-
brane. Degranulating mast cells release
a number of inflammatory mediators,
including histamine, proteinase acid
hydrolases, major basic protein, and
eosinophilic cationic protein. Activated
mast cells also synthesize and release
proinflammatory cytokines, including
interleukins, tumor necrosis factor, inter-
feron, and granulocyte-macrophage
colony stimulating factor, which pro-
mote chemotaxis of neutrophils and
eosinophils to the region, enhancing the
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Role of antileukotriene agents
in asthma therapy
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Leukotrienes are proinflammatory mediators with special significance in asthma.
Released by numerous cell types, particularly after exposure to allergens,
leukotrienes cause a potent contraction of bronchial smooth muscle, resulting in
reduced airway caliber. Further, they cause plasma to leak from the vessels,
resulting in edema, and enhance the secretion of mucus—both events that increase
airway obstruction. Thus, leukotrienes have been a target of basic research in asth-
ma. To date, a number of antileukotriene agents have been developed, and three
are currently being used in clinical practice in the United States: zafirlukast and
montelukast act by antagonizing the leukotriene receptor, and zileuton inhibits
leukotriene synthesis. Studies have shown that these agents improve asthma
symptoms, pulmonary function, and patient quality of life. Antileukotriene
agents have generally been associated with a low incidence of side effects and good
tolerability. Currently recommended for mild-to-moderate, persistent asthma, these
agents have enabled patients to reduce their use of corticosteroids.

(Key words: asthma, zafirlukast, montelukast, zileuton, leukotrienes, recep-
tor antagonists, synthesis inhibitors)
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