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ABSTRACT

A 55-year-old man presented to the emergency department (ED)
following 2 episodes of typical cardiac chest pain and nonspe-
cific electrocardiogram findings. His serial cardiac marker assays
revealed an elevated total creatine kinase (CK) and 2 negative
cardiac troponin levels. Because of a high clinical suspicion of
acute coronary syndrome, a total creatine kinase MB mass was
obtained and found to be elevated. Subsequent cardiac angiog-
raphy demonstrated a significantly flow-limiting coronary artery
lesion, and stenting was performed. This case demonstrates that
simultaneous CK and troponin measurements may have utility
in selected ED patients with chest pain. The interpretation of dis-
cordant CK and troponin levels is discussed.

Keywords: myocardial infarction, troponin, creatine kinase,
diagnostic testing

RÉSUMÉ 

Un homme de 55 ans s’est présenté à l’urgence après
2 épisodes de douleurs thoraciques cardiaques et des résultats
d’électrocardiogramme non spécifiques. Le dosage en série de
marqueurs cardiaques a révélé un taux élevé de créatine
kinase totale (CK) et 2 résultats négatifs pour la troponine car-
diaque. En raison d’une forte suspicion clinique de syndrome
coronarien aigu, on a fait le dosage de la créatine kinase MB
masse, et les taux ont été jugés élevés. Une angiographie car-
diaque subséquente a révélé une lésion de l’artère coronari-
enne limitant le flux de façon significative, et un tuteur a été
posé. Ce cas illustre que le dosage simultané de la CK et de la
troponine peut être utile chez certains patients se présentant à
l’urgence avec des douleurs thoraciques. Cet article discute l’in-
terprétation des taux discordants de CK et de troponine.
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INTRODUCTION

The risk stratification of chest pain in the emergency de -
par tment (ED) involves obtaining historical information

and performing a physical examination, along with
obtaining serial electrocardiograms (ECGs) and cardiac
biomarkers. The current Canadian standard of care is to
use cardiac troponin assays in this evaluative process. In
recent studies, the sensitivities of cardiac troponin I
(cTnI) and cardiac troponin T (cTnT) have been
reported to range between 72%–95% and 84%–89%,
respectively.1–3 In the context of the universal definition
of a myocardial infarction (MI), an increased troponin is
a value exceeding the 99th percentile of a normal refer-
ence population. The detection of a rise and/or fall of
such biomarkers is essential to the diagnosis of an acute
MI.4 For largely historical reasons, many centres still
include total creatine kinase (CK) levels in their workup
protocols for chest pain. On occasion, there are discor-
dant findings between these 2 tests. The optimal man-
agement in these scenarios is unclear. We present a case
in which discordant CK and troponin levels led to the
diagnosis of non–ST elevation acute coronary syn-
drome (ACS) requiring percutaneous cardiac interven-
tion and stent placement.

CASE REPORT

A 55-year-old man presented to the ED following 
2 episodes of retrosternal chest pressure associated with
diaphoresis and light-headedness. He was rapidly
triaged, and was pain-free when seen by the emergency
physician. Each episode of chest pain had been brought
on by walking up a flight of stairs. The first episode
lasted 10 minutes and was relieved with rest. The sec-
ond episode began when the patient attempted to go up
several more flights. The pain persisted for 45 minutes
despite the patient’s resting, although it had resolved on
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the patient’s arrival at the ED after administration of 
2 mg of intravenous morphine by paramedics. Neither
episode was associated with classic pain radiation, nausea,
vomiting, orthopnea, back pain, syncope or presyncope.

Physical examination revealed an afebrile mildly
diaphoretic man in no acute distress with blood pressures
of 172/102 mm Hg in the right arm and 167/97 mm Hg
in the left arm. He had a regular heart rate of 88 beats
/min, a respiratory rate of 18 breaths/min and 99% oxy-
gen saturation on room air. The remainder of the physical
examination was unremarkable. An ECG done during
triage revealed normal sinus rhythm, a left anterior fasicu-
lar block and an incomplete right bundle branch block
with no significant ST or T-wave changes. No previous
ECGs were available for comparison.

The patient’s history was significant for suspected MI
15 years earlier. His cardiovascular risk factors included
a 25 pack-year history of smoking (still smoking),
hypertension and a family history of coronary artery
disease. He intermittently took acetylsalicylic acid
(ASA) 81 mg, and was on no other medications. He
denied use of alcohol or recreational drugs. Review of
systems was unremarkable. Self-reported exercise toler-
ance was more than 6 blocks on level ground.

Treatment with ASA 160 mg by mouth and supple-
mental oxygen was initiated and blood was drawn for
laboratory testing. The patient remained free of chest
pain. The complete blood count, electrolytes, creati-
nine, international normalized ratio, partial thrombin
time and chest radiography were normal. Total CK at
1 hour after onset of chest pain was 17.87 μkat/L (normal
< 3.76 μkat/L) and cTnT < 0.01 μg/L (normal 0.03 μg/L).

On reassessment, the patient was comfortable with no
complaints of recurrent chest pain, and the physical
examination and repeat ECG were unchanged from
before. Repeat blood tests, drawn 8 hours after the ini-
tial set, revealed a normal cTnT of < 0.01 μg/L and ele-
vated CK of 14.28 μkat/L. Because of the history, risk
factors and elevated CK, the treating physician initiated
therapy for presumed ACS with daily ASA (81 mg),
clopidogrel (75 mg) and fondaparinux (2.5 mg). A com-
puted tomography angiogram of the chest revealed no
evidence of aortic dissection with normal caliber of the
great vessels. The medical biochemist was contacted for
permission to perform serial CK-MB mass assays (nor-
mally only cTnT is carried out).

The patient’s initial CK-MB mass assay was positive at
29 μg/L 7 hours after presentation (normal < 6.73 μg/L).
Other relevant markers were also elevated: aspartate
aminotransferase was 0.73 μkat/L (normal < 0.58 μkat/L)

and lactate dehydrogenase isoenzymes was 3.79 μkat/L
(normal < 3.67 μkat/L). 

As the patient required follow-up of serial cardiac
markers and cardiac risk stratification, he was admitted
to hospital by the internal medicine service with the
diagnosis of acute coronary syndrome. Three serial
cTnT measurements (every 8 h) remained negative.
Repeat CK-MB values were 23, 22, 21, 20, and 17 μg/L
(every 6 h) and CK values were 14.28 μkat/L, 9.79 μkat/L,
8.32 μkat/L, 7.60 μkat/L and 6.51 μkat/L (also every 6 h).
Electrocardiograms were repeated several times
throughout the night with no changes from baseline.

The patient was subsequently referred to the cardiol-
ogy service. An angiogram revealed a long, hazy lesion
in the left anterior descending (LAD) artery after the
first diagonal branch (Fig. 1A). Other arteries had only
mild irregularities. Aortic pressure was 96/40 mm Hg,
left ventricular pressure was 90 mm Hg and left-ven-
tricular end-diastolic pressure was 14 mm Hg. The
patient had normal left ventricular function with a min-
imal wall motion abnormality. Fractional flow reserve
(FFR) measurement with intracoronary adenosine of
the LAD lesion was 0.75, indicating the lesion was
hemodynamically significant. A bare metal stent was
deployed in the LAD plaque decreasing the stenosis to
0% (Fig. 1B). Combined ASA and clopidogrel for
12 months, followed by lifelong daily ASA was recom-
mended. Before discharge, therapy with metoprolol
(titrated to the patient’s heart rate), ramipril and ator-
vastatin was also initiated.

DISCUSSION

Since the definition of acute MI was changed to include
a rise in either CK-MB or cTn as part of the criteria,
discordance between the results of various cardiac 
biomarkers has become increasingly recognized and
studied.4 The prevalence of such discordance ranges
between 7% and 28%.5–7 Discordant biomarker results
raise important questions regarding the prognosis, diag-
nosis and management of such patients.

The reported prognosis of patients with discordant
cardiac biomarkers varies based on the individual study
and timing of follow-up. One study by Yee and col-
leagues6 of 542 patients with ACS compared short- and
long-term outcomes in patients categorized as CK-
MB+/cTnI– with those who had entirely negative bio-
markers (CK-MB–/cTnI–). All marker determinations
were made on admission to hospital. The follow-up rate
at 6 months was 82%. Among cTnI negative patients,
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21.6% were CK-MB positive. Those in the CK-
MB+/cTnI– group had significantly higher rates of re-
admission to hospital for cardiac disease (36% v. 23%, 
p = 0.03). At the 6-month follow-up, there was a signifi-
cantly higher rate of the composite outcome of death,
re-admission to hospital for cardiac disease, stroke and
acute MI in the CK-MB+/cTnI– group (odds ratio
[OR] 1.86, 95% confidence interval [CI] 1.14–3.03).
The proportion of individual and composite negative
outcomes was found to be increased when the analysis
was restricted to patients presenting with non–ST ele-
vation ACS, such as the patient in the present case.
Many of the CK-MB+/cTnI– patients in this study
would have been categorized as low-risk if CK-MB
measurements had been omitted.

A second study evaluating the frequency and out-
comes of discordant cardiac marker results reported the
OR for in-hospital mortality in a CK-MB+/cTn– popu-
lation at 1.02 (95% CI 0.75–1.38) when compared with
CK-MB–/cTn– patients.7 This was a study carried out
in 29 357 patients presenting with non–ST elevation
ACS as part of the international CRUSADE study.7

Values for CK-MB and cTnT or cTnI were evaluated
from peak measurements within 36 hours of patient
presentation. The authors concluded that an isolated
positive CK-MB had limited prognostic value. The cor-
responding mortality rates among biomarker discordant

groups were found to be similar in the various groups:
2.7% (CK-MB–/cTn–), 3.0% (CK-MB+/cTn–) and
4.6% (CK-MB+/cTn+). The proportion of discordant
results among this cohort of patients was 28% (10%
with CK-MB+/cTn–).7 The main difference between
this study and the one discussed previously was the end
point assessment (i.e., 1-time in-hospital mortality eval-
uation as opposed to 6-month follow-up). The authors
concluded that elevation of CK-MB in the setting of
negative cTn was a more sensitive marker for risk over
the long term, rather than in the acute setting.6,7

Nonetheless, a positive CK-MB in the setting of a neg-
ative cTnT still appears to be an independent marker
for stratifying patients at higher risk in terms of mor-
bidity and mortality in the long term.

Explanations of the CK-MB+/cTnT– discordance
in our patient include both the timing of marker test-
ing in relation to symptom onset, as well as a false-
negative cTnT test. As our patient had several nega-
tive serial cTnT measurements, the first reason is
unlikely. In an analysis by Newby and coworkers7 the
cTnT was used more frequently among patients in
the CK-MB+/cTn– group. The study by Yee and col-
leagues used only cTnT for cardiac evaluation. Previous
studies comparing the 2 cTn assays concluded that
cTnI performs slightly better in ACS with sensitivi-
ties of 100% for acute MI and 36% for unstable

Fig. 1. Angiogram revealing a 60%–70% lesion after the first diagonal branch of the left anterior descending artery (arrow).
The diagonal branch itself has a 40% lesion at its origin (A). After insertion of bare metal stent, there is no residual stenosis in
the aforementioned area (B).
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angina.8,9 For MI, cTnI is also more specific than
cTnT. A recent study by McCann and coworkers3

evaluated the utility of cTnT and found it to have
sensitivities of 55%, 84% and 89% when the patient
presented to the ED less than 4 hours, 4–8 hours and
8–12 hours after the onset of chest pain, respectively.
Unfortunately, our institution does not routinely per-
form tests of cTnI levels and we were unable to
obtain them for comparison. However, given that
cTnI can outperform cTnT in a small number of
patients, we believe it is likely that the negative serial
cTnT measurements observed were false negatives.

In an analysis of a prospective registry for the
EMCREG-i*tr ACS,10 the results of 8769 patients also
presenting with possible non–ST elevation ACS were
reviewed. The objective of this study was to evaluate the
association between several pairs of discordant cardiac
biomarker combinations. The authors found that the
unadjusted OR for ACS in a patient with CK-
MB+/cTn– discordance was 2.17 (95% CI 1.72–2.75).
This study evaluated patients with either type of tro-
ponin. Interestingly, patients in the CK-MB+/CK+
group of this study had an OR of 4.36 (95% CI 3.64–
5.23), which was double that of the CK-MB+/cTn–
group for ACS.10 The authors did not specify whether
this second group also had a simultaneously elevated
cTn value or only isolated CK and CK-MB elevations.

Given the above data and the convincing history that
our patient provided, our suspicion for ACS was quite
high. Despite the elevations found in his CK and CK-
MB, there was not enough evidence to unequivocally
establish a diagnosis of non–ST elevation MI. The
patient’s angiogram revealed normal systolic function
with only minimal wall motion abnormality. However,
the patient did have a significant stenotic lesion, as
defined by the FFR, which is a measure of the physio-
logic importance of stenotic lesions in coronary arteries.
It is calculated as the ratio of the maximum blood flow
in a stenotic artery to that of normal flow. The normal
FFR in a nonstenotic artery is defined as 1.0. An FFR
below 0.80 has a 90% accuracy in identifying ischemia-
causing coronary stenoses.11

Studies suggest that a discrepancy exists between the
administration of evidence-based therapies to patients
with discordant and nondiscordant cardiac biomarkers.7

Newby and colleagues found that CK-MB+/cTn–
patients were less likely to receive a β-blocker on 
discharge (OR 1.02, 95% CI 0.89–1.17) compared with
CK-MB–/cTn+ (OR 1.34, 95% CI 1.20–1.51) or CK-
MB+/cTn+ (OR 1.62, 95% CI 1.45–1.80) patients. The

CK-MB+/cTn– group was also more likely to undergo
percutaneous coronary intervention within 24 hours
when compared with other groups (OR 2.11, 95% CI
1.65–2.68). This finding is also supported by registry
studies in which AMI patients were found to be more
likely to receive evidence-based therapies when com-
pared with patients with unstable angina.12

CONCLUSION

Although uncommon, the possibility of discordance
between CK-MB and cTn results has become increas-
ingly recognized. There is data to support both short-
and long-term prognostic implications in patients with
CK-MB and cTn discordant results. The likelihood
that these patients will have an ACS is higher than for
those who have entirely negative serial biomarkers, and,
as such, they should likely receive therapy recom-
mended by current evidence-based guidelines. In light
of these findings, we believe diagnostic algorithms for
non–ST elevation MI ACS should be re-examined to
determine how simultaneous biomarker measurement
can be efficiently used to identify patients at higher risk
for poor outcomes, without indiscriminately obtaining
both markers on all patients.
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