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Abstract
Background: Myocarditis and acute Myocardial Infarction pose a daily diagnostic dilemma. Magnetic resonance
imaging and endomyocardial biopsy are the gold standard for definite diagnosis but are rarely performed routinely.
Troponin and Creatine phosphokinase (CPK) are elevated in both diseases and could not be used for proper
discrimination. We analyzed the dynamics of these serum markers during acute setting by analyzing the tangent
slope of their level curve over time.
Methods: We conducted a retrospective cohort study in our medical center. Records of approximately 1,300
patients hospitalized from January 2011 to December 2016 were examined. A total of 193 patients were found to be
eligible for the study and were divided into two groups: Myocarditis group (n=133, 69%) and non-ST elevation
myocardial infarction group (n=60, 31%).
Results: The non-ST elevation myocardial infarction group was significantly older than the myocarditis group
(mean age 68.7 vs 35.6 years, p<0.001). Median troponin and CPK levels were significantly higher in the
myocarditis group (p<0.001). The tangent slope of troponin curve was significantly lower and CPK curve significantly
higher in the myocarditis group (p=0.02 and p<0.001, respectively). Troponin-to-CPK ratio was lower within the first
48 hours from admission in the myocarditis group.
Conclusion: Our study demonstrates a unique discriminating pattern of serum markers curve in acute
Myocarditis and acute Non-ST myocardial infarction. In acute myocarditis, troponin progress moderately while CPK
progress steeply, both to higher peak, resulting in lower troponin to CPK ratio in the first 48 hours of admission.

Keywords: Myocarditis; Myocardial disease; Myocardial infarction;
Non-ST elevation myocardial infarction; Troponin; Creatine
phosphokinase

Introduction
Myocarditis is an inflammatory process involving heart muscle,
characterized by the infiltration the myocardium by inflammatory
cells, either by, direct infection of a pathogen or by the response of the
immune system to processes such us infectious diseases and systemic
diseases [1-3].
The prevalence of myocarditis in the general population is not
known, mainly due to the lack of endomyocardial biopsy use. In
studies of adults with idiopathic cardiomyopathy, the prevalence of
myocarditis was found to be 9% to 16% [4].
The clinical expression of myocarditis is wide, ranging from
weakness to signs and symptoms that mimic acute coronary syndrome,
such as chest pain, shortness of breath, arrhythmia, elevated cardiac
markers levels, elevated ST segment in electrocardiogram (ECG)
charts, heart failure, and in rare cases, even cardiogenic shock and
arrest [5-9].
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The clinical similarity between myocarditis and acute Non-ST
elevation myocardial infarction is challenging and has led to extensive
research in order to find simple discrimination modality. Cardiac
magnetic resonance imaging (CMR) has been tested in many studies
and has an average sensitivity of approximately 74%, specificity of 83%,
and accuracy of 78% in accordance with the LAKE-LOUISE criteria.
This study recommended that, in stable patients with clinical suspicion
of myocarditis, CMR should be considered prior to biopsy, but CMR is
an expensive test that is not available in all health institutions [10,11].
The gold standard recommended for the diagnosis of acute
myocarditis is endomyocardial biopsy. However, this procedure is
rarely performed routinely, and, in most centers, it replaced by
coronary angiography to ruled out myocardial infarction, especially in
high cardiovascular risk profile patients [12-15].
Biomarkers, such as, creatine phosphokinase (CPK), C-reactive
protein, Troponin, and natriuretic peptides (NP) were all found to be
elevated in serum during acute phase of myocarditis and myocardial
infarction which make it unsuitable for proper discrimination [16,17].
Troponin and CPK are the cardiac markers recommended for the
diagnosis of myocardial damage owing to their high sensitivity and
specificity. Their blood levels are influenced by ischemic time and
extent of injury. Troponin level increases within 3-12 hours of the
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onset of myocardial damage, reaching its peak after 24-48 hours and
returning to baseline level after 5-14 days. The sensitivity and
specificity of serum troponin within 8 hours of myocardial ischemia
are 84% and 81%, respectively. There are two types of troponins, T and
I, which have the same clinical significance but different laboratory
values [18-20].
Our institution uses a highly sensitive test (Elecsys highly sensitive
troponin T, Roche Diagnostics, Switzerland) [21], which allows the
detection of myocardial damage in a threshold period of 3 to 4 hours
from the onset of ischemia with a sensitivity and specificity of
approximately 90% and 99%, respectively. This diagnostic test is used
in our institution routinely since October 1, 2010 [22].
CPK is an enzyme that accelerates the conversion of creatine (found
in a wide variety of tissues, mostly in skeletal & cardiac muscle, and
brain tissue) with the help of adenosine triphosphate (ATP) to
phosphocreatine and adenosine diphosphate (ADP).
In myocardial ischemia, CPK level tends to increase within 1.5-12
hours, peaks within 24-36 hours, and returns to normal levels in the
blood within 48-72 hours. CPK level has a sensitivity of approximately
90% and low specificity [23].
In our institution, we use the Beckman Coulter CPK test that
contains fragments of CPK-MB and CPK-MM (15–30% and 70–85%,
respectively). CPK level increases in the blood at a rate of
approximately 50% per hour which was measured in several blood
tests at different intervals (4, 8, and 12 hours after the onset of
myocardial ischemia) and was shown to distinguish, with 94%
efficiency, between acute myocardial infarction and skeletal muscle.
The extent of ischemic damage, as published by Roberts et al., is
estimated by measuring the area below the curve on a graph that
measures the level of CPK in the blood versus the time of myocardial
ischemia [24].

Study rationale
Our study was designed based on the hypothesis that there is a
difference in the relationships between ischemic time and onset of
symptoms among the two diseases. Acute myocardial infarction is a
rapidly progressive disease (minutes to hours). Onset of symptoms, in
particular chest pain, initiate immediately as significant obstruction of
coronary artery occurs and myocardial hypoxia begin. Acute
myocarditis, on the other hand, is an inflammatory process limited to
heart muscle and is mostly (except fulminant myocarditis) a process
that progresses relatively slow (hours to days) (Figure 1).
We assumed that chest pain occurs when significant myocardial
damage has already occurred, and myocardial hypoxia begins. The
process takes several hours to days. This assumption leads us to seek a
different rate of progression of serum markers.

Materials and Methods
Research planning
This is a retrospective cohort study conducted at the Emek Medical
Center. Study population consisted of patients hospitalized due
myocarditis and acute non-ST myocardial infarction from January 1,
2011 until the end of December 2016. Data was collected from
patients' computerized medical record of Clalit health care service. In
the case of absent information, the patient was instructed to complete
the missing details.

J Cardiovasc Dis Diagn, an open access journal
ISSN: 2329-9517

Figure 1: Study hypothesis - Troponin and CK curve in acute
myocarditis.
Primary end point was the tangent slope of troponin and CPK.
Secondary end point was the ratio of troponin to CPK during the first
48 hours. Time point ‘zero’ was arbitrarily defined as the time of
admission time to emergency department.
Troponin and CPK curve, were drawn for each patient according to
the values measured on admission and during hospitalization. The
tangent slope of the curve was calculated by creating a tangent between
two troponin or CPK values. Using Excel software, we calculated the
tangent equation and the tangent slope (Figure 2).We only referred to
positive slopes, in which troponin level or CPK level were elevated, to
examine changes at the relevant time for the diagnosis of the disease.
Patient enrolled in the study were those who met the inclusion
criteria. Patient in both groups must had a definite diagnosis based on
cardiac MRI, endomyocardial biopsy (for myocarditis) or angiographic
findings support coronary disease following catheterization.

Ethics
Study was approved by Internal Ethics Committee (IEC) of EMEK
Medical Center. General Informed consent was not required due to
confidentiality of patient data unless critical medical information was
not clear which required the researcher to contact the patient. In the
study one patient was been contacted which refused to participate in
the study.

Statistical Analysis
Categorical variables are presented using frequencies and
percentages, and these variables will be presented using standard
distribution indices (mean, standard deviation, median, and so on).
The comparison of the continuous variables (such as the troponin
slope) between the study groups (myocardial infarction and
myocarditis) was tested using the t test (or Wilcoxon test). For
categorical variables, the Chi-square test (or Fisher’s exact test) was
used. Statistical analyses were performed using SAS software 9.4. The
significance will be obtained if p<0.05.
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The sample size calculation was based on the assumption that there
was a difference of approximately 10% and 300 ng/ml between the
troponin-myocarditis gradient and myocardial infarction with a
standard deviation of 900 ng/ml. With this in mind, we defined a
minimum sample of 143 patients (with a ratio of at least 1:5 between
groups) for 80% intensity and 5% alpha (t tailed test).

Results

Figure 2: Illustration of a tangent slope calculation on quadratic
equation using linear equation method.

During the study period, 1313 patients were hospitalized in our
intensive cardiac care unit due to acute non-ST elevation myocardial
infarction (NSTEMI). Of these, 190 patients did not meet the inclusion
criteria (Table 1). A random sample of 65 patients was performed
among eligible patients according to the minimum sample size
estimate. A total of 151 patients were diagnosed with myocarditis. Of
these, 18 patients were excluded from the study, including 6 patients
with unclear diagnosis, 7 patient whom cardiac MRI or endocardial
biopsy was not performed, 4 patients with a different diagnosis and 1
patient who refused to participate in the study when contacted. The
myocarditis group consisted of 133 patients, accounting for 69% of the
total study group (Figure 3).

Inclusion criteria

Exclusion criteria for both groups

1.

1.

Pregnant women.

2.

Unclear diagnosis.

Patients older than 18 years of age.

2.
Patients who have been diagnosed with 3.
Diagnosis other than NSTEMI or Myocarditis.
acute Myocarditis.
4.
Patient refusal to participate in the study once been
contact.
3.
Patients who have been diagnosed with 5.
Condition that may affect troponin and CPK values,
acute myocardial infarction
such as sepsis, rhabdomyolysis, pulmonary embolism,
and chronic renal failure.
6.

Patients with congenital/acquired heart defects

Exclusion criteria for NSTEMI group

Exclusion criteria for Myocarditis group

1.
Patient admitted with acute ST elevation 1.
Diagnosis of myocarditis not by using CMRI or
myocardial infarction.
endocardial biopsy
2.
Non-significant coronary lesions on coronary
angiographyx.
3.

Patients undergoing urgent catheterization.

4.

Patient admitted due to congestive heart failure.

Table 1: Criteria for inclusion and exclusion from research.
A total of 193 patients (aged 18-97 years) participated in the study.
The myocarditis group included 133 patients (aged 18-94 years), which
were mostly male (82%). The NSTEMI group included 60 patients,
approximately 70% of whom were aged 38-97 years. The patients in the
myocarditis group were significantly younger (mean 35.6 vs 68.7 years,
p=0.001).
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Baseline characteristics of patients in both groups differed
significantly. In the NSTEMI group, there was a significantly higher
incidence of chronic diseases, including morbid obesity (body mass
index >30 kg/m2), hypertension, hyperlipidemia, chronic renal failure,
diabetes, ischemic heart disease, and arrhythmias. Smoking was
common in both groups (Table 2).
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Figure 3: Research planning.

Baseline characteristics

NSTEMI (n=60)

Myocarditis
(n=133)

Myocarditis
(n=133)

NSTEMI
(n=60)

p value

35.6±15.6
Age (mean ± standard deviation) (18-94)

68.7±13.7
(38-97)

0.001

Sex (Male)

109 (82%)

42 (70%)

0.06

Variables

Smoking

35 (58)

67 (50.3)

Morbid obesity (BMI >30 kg/m2)

23 (38)

15 (11.3)

Hypertension

43 (72)

20 (15)

Hyperlipidemia

45 (75)

22 (16.6)

High fever when referred to the
ER
18 (13.5%)

0 (0.0%)

0.001

Chronic renal failure

9 (15)

4 (3)

High fever during the last week

71 (53%)

0 (0.0%)

0.001

Diabetes

13 (22)

9 (12)

Flu-like symptoms

83 (62.4)

0 (0.0%)

0.001

Family history of ischemic heart disease

37 (62)

26 (20)

Ischemic heart disease

35 (58)

4 (3)

Arrhythmias

11 (18)

11 (8.3)

Table 2: Baseline characteristics among study groups.
Flu-like symptoms, in particularly high fever, were frequently
observed in the myocarditis group (p=0.001) (Table 3). The median
time from flu-like symptoms and high fever to chest pain was 4 and 6
days, respectively. The mean time from onset of pain to referral to a
medical center in the NSTEMI group was <24 hours. Only in 3% of the
myocarditis group, pericardial friction rub was heard at physical
examination.
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Table 3: Preliminary admission data among study groups.
Mean troponin and CPK values were significantly higher in the
myocarditis group (p<0.001). The tangent slope of the troponin curve
was significantly smaller in the myocarditis group than that in the
myocardial infarction group, whereas that of the CPK curve was higher
in the myocarditis group (p=0.02) and p=0.001, respectively). The ratio
of troponin and CPK was smaller in the first 48 hours in the
myocarditis group (p<0.05) (Table 4).
Variables

Myocarditis
(n=133)

Troponin values
644.0 ± 651.4
(mean
±
standard (440; 0-3050)
deviation, median, range)

NSTEMI (n=60)

p
value

330.3 ± 293.2
(181; 22–1432)

0.001
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Tangent Slope Troponin 937.18±407.05
1630.20±402.77
curve
(742.2;
145.2, (1041.9;
(ng * time (hours)/ml)
7376.9)
231.9-12941.8)

0.02

Tangent Slope CPK curve
(ng * time (hours)/ml)

365.4 ± 268.1
(155.9; 43-2360)

0.001

3.59

<.05

643.5 ± 436.9
(290.3; 24-6362)

Troponin and CPK ratio in 1.8
the first 24 hours

Table 4: Primary and secondary end points among study groups.

Discussion
Myocarditis and acute myocardial infarction can have similar
symptomatology, ECG finding, echocardiographic finding and
laboratory results but differ greatly by their etiology &
pathophysiologic mechanism, and as a consequence of that, by
treatment and prognosis.

theoretical background to the study was based on simplified time-level
curve into Quadratic equation and using linear equation to calculate
tangent slope.

Conclusion
In our study, a unique pattern was found in the dynamic behavior of
troponin and CPK on time-level curve, which had not yet been
described previously. In acute Myocarditis, Troponin and CPK
progress to higher peak compared to those of acute Non-ST elevation
myocardial infarction. Troponin progress moderately while CPK
progress steeply, resulting in lower troponin to CPK ratio in the first 48
hours of admission.

Myocarditis, as shown by our research, is characterized by young
patients, usually younger than 40 years old (70% and 3.3% for the
myocarditis and NSTEMI groups, respectively) and low prevalence of
cardiovascular risk factors, excluding smoking. Patients diagnosed
with myocarditis visits the emergency department after a clear clinical
prodrome of flu-like symptoms, in particular high fever in 96% of
cases that began during the week prior the appearance of chest pain.
Our study indicates a unique progression pattern, yet to be
described, of troponin and CPK in acute Myocarditis and Non-ST
elevation myocardial infarction.
These studies support our hypothesis that serum markers, as
troponin and CPK, behave differently on a time-level curve in acute
myocarditis and Non-ST elevation myocardial infarction.

Figure 4: Troponin and CPK progression curve in Myocarditis
compared to acute Non-ST myocardial infarction (Illustration).
(Blue line indicates acute Non-ST elevation Myocardial Infarction;
Red line indicates Acute Myocarditis).

Thus far, we have referred to their level in blood as a marker for
myocardial damage that characterizes many diseases; therefore, it was
difficult to use them for discrimination. Pattern recognition in timeline
opens a wide range of possibilities for analyzing different diseases.
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