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ABSTRACT

Purpose: Myocardial infarction is among the most common diagnoses in patients admitted 
to hospitals in western countries, and its rapid diagnosis is of utmost importance. This study 
was conducted to determine the most sensitive double-marker cardiac isoenzyme of creatinine 
kinase, troponin I, and myoglobin for diagnosing acute myocardial infarction.
Materials and Methods: This was an observational-analytic research on a diagnostic test 
conducted on 256 patients who had referred to the emergency department with chest pain from 
4 to 24 hours before their referral. They were sorted equally into two groups of 4-14 hours and 
15-24 hours from onset of pain, each group including 128 patients.
Results: In the first time period, the combination of troponin and myoglobin had the highest 
sensitivity (sensitivity = 97.3%, specificity = 98.1%), whereas the combination of double-marker 
and troponin proved the most sensitive (sensitivity = 100%, specificity = 96.3%).
Conclusion: The double-marker combination of troponin and myoglobin is more appropriate 
for the first time period (i.e. during the first 24 hours from the onset of chest pain),while it 
would be more helpful to use the combination of troponin during the second period of time.
Keywords: myocardial infarction; isoenzyme of creatinine kinase; troponin; myoglobin; diagnosis.

INTRODUCTION
Myocardial infarction is one of the most frequent 

complications diagnosed in patients admitted to hospitals 
in western countries. Around 900,000 cases occur 
annually in the United States, claiming 225,000 lives 
(mortality rate around 25%).1 Another study reported 
75 million cases of myocardial infarction in the United 
States with a mortality rate of 30%.2

Occlusion of cardiac vessels over a period of longer 
than 15-20 minutes causes irreversible damage to cardiac 
muscular tissue; an occlusion of longer than 4-6 hours 
results in very severe muscle damage. Thus, if acute 
myocardial infarction is diagnosed within 6 hours of 
onset of symptoms, it may be possible to re-establish 

the blood flow and relieve the symptoms through use of 
thrombolytic agents such as streptokinase and urokinase; 
however, these agents are contraindicated after 6 hours.3 
Therefore, it is crucial for both the patient and the 
physician to establish a diagnosis of acute myocardial 
infarction in a rapid manner.

The diagnostic data for myocardial infarction are 
obtained from physical examination, electrocardiogram, 
and routine laboratory tests.4 Among them, 
electrocardiography is the simplest and the most universal 
method. However, it is unable to establish the diagnosis 
in half of cases and thus it is not sensitive enough, despite 
being very specific.5 Routine lab tests such as measuring 
creatinine kinase (CK), lactate dehydrogenase (LDH) and 
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serum glutamate oxaloacetate transaminase (SGOT) have 
long been in use for diagnosing myocardial infarction. 

CK measurements used to be the standard method for 
diagnosis of acute myocardial infarction. Nonetheless, 
the specificity of these enzymes for diagnosis are 
questionable nowadays, since they rise in non-cardiac 
conditions as well. In addition to accuracy and reliability, 
such a method must be able to confirm diagnosis with 
little cost and in a short time.6

Nowadays, modern indicators such as cardiac 
isoenzyme of CK, myoglobin and troponin have taken 
diagnostic roles. D’Costaand colleagues have argued 
that troponin is most sensitive and specific during the 
first 24 hours after admission.6 CK is a dimer, taking 
the form of three isoenzymes in different tissues: BB 
(brain type), MM (muscular type), and MB (hybrid 
type). The isoenzyme of CK-MB is known to be an 
appropriate indicator for acute myocardial infarction.7-9 

This substance appears in bloodstream after 6 hours of 
cardiac muscle necrosis and reaches its peak (39-185 ng/
mL) in 13-15 hours. The serum level remains elevated 
for 2-3 days after onset of chest pain.10,11

Troponin I is a filament protein of the muscle.12 It is 
coded by a different gene. The unique aminoacid sequence 
of cardiac troponin I renders it ideal for diagnosis of 
acute myocardial infarction through development of 
monoclonal antibodies which do not show cross-reaction 
with troponins of skeletal muscle.13,14 Both troponin I 
and CK-MB rise higher than normal in 4-6 hours after 
heart attack. According to Bucher and colleagues,15 the 
reference values for troponin I and CK-MB are 3 and 7 
ng/mL, respectively. Troponin I achieves its peak (185-
188 ng/mL) 11-15 hours after onset of chest pain and 
remains elevated for 6-10 hours. Serum level of troponin I 
is very low in normal people and does not rise on patients 
with skeletal muscle injury. Thus, troponin I is a specific 
indicator for acute myocardial infarction.16  Myoglobin is 
an intracellular protein involved in oxygen storage and 
transfer to muscular tissue.17 In human beings, myoglobin 
constitutes a major protein of the myocardium and so it 
is no surprise that cardiac muscle injury releases large 
quantities of myoglobin into bloodstream.18,19 The normal 
measurement of myoglobin in serum is about 60 ng/mL 
which rises as high as 500 ng/mL in patients with heart 
attack. Thus, it would be helpful to measure myoglobin 
to establish a preliminary diagnosis of acute myocardial 
infarction. Myoglobin levels reportedly begin to rise after 
4 hours of pain onset.20-22

This study set out to find out which of these cardiac 
indicators (troponin, myoglobin and CK-MB) have the 

greatest diagnostic ability and which one proves optimal 
for diagnosing acute myocardial infarction. Thus, it 
sought to determine the diagnostic abilities of the cardiac 
isoenzyme of creatinine kinase, troponin and myoglobin 
in diagnosis of acute myocardial infarction. 

MATERIALS AND METHODS
This was an observational-analytic study by a 

diagnostic test conducted on patients with cardiac chest 
pain who had referred to the emergency department of 
Bessat Hospital, from March 2012 to October 2012.
All participants were admitted in the emergency ward 
and cardiac care unit (CCU) with a diagnosis of acute 
myocardial infarction. The inclusion criteria were cardiac 
chest pain initiating 4-24 hours before admission, and 
having no history of heart attack or cardiac shock. 
All participants gave their informed consent before 
participating in this study. 

Considering the reported sensitivity for troponin, 
CK-MB and myoglobin during the first 24 hours after 
the onset of chest pain, which was about 97%, the 
sampling volume was determined to be 75 patients with a 
confidence coefficient of 95% and accuracy of 5%. Using 
the same confidence coefficient and accuracy and also 
the reported specificity during the first 24 hours which 
was about 98%, the number of healthy participants was 
determined to be 50 people. Thus, a total of 125 people 
(patients and healthy people) were determined which 
increased to 129 people with a loss coefficient of 10%. 
One patient withdrew from the study, and ultimately the 
study was conducted with 128 people. The calculated 
sample volume was determined using the reported figures 
for the above markers during the first 24 hours after the 
onset of chest pain. However, it was more valuable to 
determine the diagnostic capabilities of the markers in the 
early hours. Considering the fact that all three markers 
were traceable in bloodstream after 4 hours of onset of 
pain, we divided the time period into two periods of 
4-14 and 14-24 hours after onset of pain and applied the 
sample volume to each period, thus entering a total of 
256 people into the study. The data were generated using 
double combinations of every two factors in the study. If 
any of the factors were positive, the double-marker test 
would be deemed positive (parallel method).

The data collection tools included a questionnaire to 
collect the demographic data, and a form to record the 
results of the tests. In this study, the diagnosis of acute 
myocardial infarction was established by a cardiologist 
using clinical findings, the electrocardiography, and 
the routine lab tests without knowledge of troponin I, 
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myoglobin and CK-MB results. In order to prevent any 
bias, the physician was not informed of the result of 
CK-MB, myoglobin and troponin during all stages of 
the study. Data analysis was conducted by the statistical 
package for the social science (SPSS Inc, Chicago, 
Illinois, USA) version 11.5 to yield sensitivity, specificity, 
positive predictive and negative predictive values for 
each of the applied methods.

RESULTS
Of patients referring to the emergency department 

with the mentioned criteria,i.e. increase of CK-MB 
and myoglobin, 57.8% had acute myocardial infarction 
(Table 1). During the first period, the isoenzyme CK-
MB was positive in 50.8%, troponin I in 54.7%, and 
myoglobin in 47.7% of patients (Table 2). During the 
second period, the positivity of markers was 52.7% for 
isoenzyme CK-MB, 5.76% for troponin I, and 42.2% 
for myoglobin.

Table 1 contains data regarding the most sensitive, 
most specific, highest positive predictive, and highest 
negative predictive values in the double-marker methods 
of cardiac isoenzyme of CK, myoglobin and troponin I for 
diagnosing acute myocardial infarction in 4-14 hours after 
onset of pain. It indicates that the most sensitive method 
is measuring the double-markers myoglobin-troponin I 
with a sensitivity of 97.3%. All three methods have equal 
specificity values of 98.1%.

Table 2 includes the data of cardiac isoenzyme of CK, 
myoglobin and troponin I for diagnosing acute myocardial 
infarction in 15-24 hours after onset of pain. Thus, the 
most sensitive method was measuring double markers 
of myoglobin-troponin I and cardiac isoenzyme of CK-

troponin I with a sensitivity value of 100%. The most 
specific method was observed with the cardiac isoenzyme 
of CK-troponin I and myoglobin-cardiac isoenzyme of 
CK methods with specificity values of 96.3%.

DISCUSSION
Among the old markers used for diagnosing acute 

myocardial infarction, aspartate aminotransferase (AST), 
alanine aminotransferase (ALT), LDH and total CK 
have fallen out of use due to their lack being specific. 
Furthermore, the long time it takes for them to reach their 
peak, as well as the little help they offer for establishing 
a correct diagnosis, will only result in loss of precious 
time needed for specialized therapeutic interventions.

According to McCord and colleagues the diagnostic 
power and specificity of myoglobin and troponin I 
together during the first 90 minutes of patient’s arrival 
in hospital are 96.9% and 99.6%, respectively. They 
have not reported the sensitivity for CK-MB in this time 
period.4 In addition, troponin I is not normally found in 
the bloodstream and it is 13 times more concentrated 
in myocardial tissue compared to CK-MB, thus it is 
more suitable for detecting subtle necrosis of the heart 
muscle.5 Nevertheless, preliminary reports have indicated 
troponin I and CK-MB to have similar sensitivities and 
that even troponin I is released more slowly than CK-
MB. A survey on seven studies indicates that 12-48 hours 
after onset of pain, troponin I and CK-MB have similar 
sensitivities.6 A similar study conducted on 251 serum 
samples acquired from 183 patients with chest pain 
admitted to the emergency department used troponin I, 
myoglobin and CK-MB found out that troponin I had 
the highest rank of sensitivity and specificity.23-25 Table 3 

Negative Predictive 
Value (%)

Positive Predictive 
Value (%)Specificity (%)Sensitivity (%)Double-marker Method

89.797.196.391.9Myoglobin, CK-MB
10097.496.3100Troponin, CK-MB
10096.194.4100Myoglobin, Troponin

Table 2. Comparison of sensitivity, specificity, positive predictive and negative predictive values of the double-marker method of cardiac 
isoenzyme of creatinine kinase, myoglobin and troponin for diagnosing acute myocardial infarction in 15-24 hours after onset of pain.

Keys: CK, creatinine kinase; MB, myoglobin and troponin.

Negative Predictive 
Value (%)

Positive Predictive  
Value (%)Specificity (%)Sensitivity (%)Double-marker Method

91.498.698.193.2Myoglobin, CK-MB
10094.798.195.5Troponin, CK-MB

96.498.698.197.3Myoglobin, Troponin

Table 1. Comparison of sensitivity, specificity, positive predictive and negative predictive values of the double-marker method of cardiac 
isoenzyme of creatinine kinase, myoglobin and troponin for diagnosing acute myocardial infarction in 4-14 hours after onset of pain.

Keys: CK, creatinine kinase; MB, myoglobin and troponin.
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summarizes the findings of these studies. 
Another study by D’Costa and colleagues conducted 

in an emergency department in USA reported troponin 
I and myoglobin to have a sensitivity of 97% and 
specificity of 98% during the first 24 hours. Thus, they 
suggested to measure troponin I and myoglobin together 
as an alternative for CK-MB in rapid diagnosis of acute 
myocardial infarction.6 Also, McCord and colleagues 
suggest that using a combination of myoglobin and 
troponin is a much more rapid method for diagnosing 
acute myocardial infarction compared to routine tests 
during the first 90 minutes.4 Newby and colleagueshave 
concluded that multiple-marker methods are more rapid 
in diagnosing ischemia (2.5 hours for multiple-markers, 
2.8 hours for double-markers, and 3.4 hours for single 
marker). Theyhave argued that rapid analysis of multiple 
markers can diagnose ischemia and warn against acute 
myocardial infarction more rapidly compared to other 
methods.26 The findings of this study are in compliance 
with lack of troponin I in normal population.1,2,5 Based 
on previous studies on the double-marker method, the 
combination of troponin I and myoglobin has the greatest 
sensitivity (97.3%) during the first period (i.e. during 
the first 24 hours from the onset of chest pain) which is 
probably due to the high sensitivity of troponin I.23-25 All 
combinations of the double-marker method have similar 
specificity values during the first period (98.1%). 

Some studies have noted the high sensitivity of 
troponin I.This high sensitivity observed in the double-
marker method may be accounted for by the fact that a 
small fraction of troponin I is free in the cytoplasm of 
cardiac myocytes which leaks out readily in case of tissue 
damage and may be detected in the first time period.26 

Therefore, it is natural to assume the high sensitivity 
of troponin I combinations during the first period to be 
due to this marker.

Considering the similarity of specificity of the three 
combinations and the higher sensitivity of the myoglobin-
troponin I combination during the 4-14hourstime period, 
it is more suitable to measure these two markers after 
the onset of symptoms.

The findings of this study suggest that with passing 
time after onset of symptoms, the levels of cardiac 
isoenzyme of CK and troponin I rise, whereas that of 
myoglobin falls (Table 2). In the second time period, 
the troponin I in marker combinations increases the 
sensitivity.The reasons for this phenomenon have been 
explained above. It appears that troponin I is the most 
influential factor in increasing sensitivity which is a result 
of its non-existence in normal conditions, rapid leakage 
and its quick peak (within 24 hours).26

CONCLUSION
During the second time period, the double-marker 

combination of CK-MB and troponin I proved the best 
with a sensitivity of 100% and specificity of 96.3%. The 
findings of this study indicate that the double-marker 
combination of troponin I and myoglobin is the most 
efficient for the first time period, while in the second 
period, it is more appropriate to use the combination of 
troponin I and CK-MB.

CONFLICT OF INTEREST
None declared.

REFERENCES
1. Alpert JS, Thygesen K, Antman E, et al. Myocardial 

infarction redefined--a consensus document of The Joint 
European Society of Cardiology/American College of 
Cardiology Committee for the redefinition of myocardial 
infarction. J Am CollCardiol. 2000;36:959-69.

2. Ignatavicius DD, Workman ML, Misheler MA. Medical-
surgical nursing across the healthcare continuum. 
Philadelphia: WB Sanders; 1999.

3. Sikri N, Bardia A. A history of streptokinase use in acute 
myocardial infarction. Tex Heart Inst J. 2007;34:318-27.

4. McCord J, Nowak RM, McCullough PA, et al. Ninety-
minute exclusion of acute myocardial infarction by use of 
quantitative point-of-care testing of myoglobin and troponin 
I. Circulation. 2001;104:1483-8.

5. Tanasijevic MJ, Antman EM. Diagnostic performance of 
cardiac troponin I in suspected acute myocardial infarction: 
Implications for clinicians. Am Heart J. 1999;137:203-6.

6. D’Costa M, Fleming E, Patterson MC. Cardiac troponin 
I for the diagnosis of acute myocardial infarction in the 
emergency department. Am J ClinPathol. 1997;108:550-5. 

7. Mair J, Artner-Dworzak E, Lechleitner P, et al. Early 
diagnosis of acute myocardial infarction by a newly 
developed rapid immunoturbidimetric assay for myoglobin. 
Br Heart J. 1992;68:462-8.

8. Cummins P, Young A, Auckland ML, et al. Comparison 
of serum cardiac specific troponin-I with creatine kinase, 
creatine kinase-MB isoenzyme, tropomyosin, myoglobin and 

TroponinMyoglobinCK-MBDouble-marker Method
97%
89/92

96.7%
89/92

95.8%
69/72

Sensitivity

98.9%
182/184

96.8%
154/159

98.9%
177/179

Specificity

Table 3. Comparison of sensitivity and specificity of cardiac 
isoenzyme of creatinine kinase, myoglobin and troponin I for 
diagnosing acute myocardial infarction.

Keys: CK, creatinine kinase; MB, myoglobin.



Use of double marker for diagnosing acute MI—Safarinejad et al

38 Annals of Military & Health Sciences Research  •  Vol 12, No 1, Winter 2014

C-reactive protein release in marathon runners: cardiac or 
skeletal muscle trauma? Eur J Clin Invest. 1987;17:317-24.

9. Jaffe AS, World health organization, European society of 
cardiology, American college of cardiology. New standard 
for the diagnosis of acute myocardial infarction. Cardiol 
Rev. 2001;9:318-22. 

10. Bodor GS, Porterfield D, Voss EM, et al. Cardiac troponin-I 
is not expressed in fetal and healthy or diseased adult human 
skeletal muscle tissue. Clin Chem. 1995;41:1710-15.

11. Bodor GS, Porter S, Landt Y, et al. Development of 
monoclonal antibodies for an assay of cardiac troponin-I 
and preliminary results in suspected cases of myocardial 
infarction. Clin Chem. 1992;38:2203-14.

12. Perry SV. The regulation of contractile activity in muscle. 
BiochemSoc Trans. 1979;7:593-617.

13. Muehlschlegel JD, Perry TE, Liu KY, et al. Troponin is 
superior to electrocardiogram and creatinine kinase MB 
for predicting clinically significant myocardial injury 
after coronary artery bypass grafting.Eur Heart J. 2009; 
30:1574-83.

14. Wang TJ, Wollert KC, Larson MG, et al. Prognostic utility of 
novel biomarkers of cardiovascular stress: The Framingham 
heart study. Circulation. 2012;126:1596-604.

15. Bucher EA, Maisonpierre PC, Konieczny SF, et al. Expression 
of the troponin complex genes: transcriptional coactivation 
during myoblast differentiation and independent control in 
heart and skeletal muscles. Mol Cell Biol. 1988;8:4134-42.

16. Kegen LJ. Myoglobin: Biochemical, physiological and 
clinical aspects. New York: Colombian University Press; 
1973.

17. Drexel H, Dworzak E, Kirchmair W, et al. Myoglobinemia 
in the early phase of acute myocardial infarction. Am Heart 
J. 1983;105:642-51. 

18. Hitesh Shah, N. Haridas. Evaluation of clinical utility of 
serum enzymes and troponin-T in the early stages of acute 
myocardial infarction. Indian J ClinBiochem. 2003;18:93-
101.

19. Grenadier E, Keidar S, Kahana L, et al. The roles of serum 
myoglobin, total CPK, and CK-MB isoenzyme in the acute 
phase of myocardial infarction. Am Heart J. 1983;105:408-
16.

20. Ellis AK, Saran BR. Kinetics of myoglobin release and 
prediction of myocardial myoglobin depletion after coronary 
artery reperfusion. Circulation. 1989;80:676-83.

21. McComb JM, McMaster EA, MacKenzie G, et al. Myoglobin 
and creatine kinase in acute myocardial infarction. Br Heart 
J. 1984;51:189-94.

22. Adams JE 3rd, Abendschein DR, Jaffe AS. Biochemical 
markers of myocardial injury. Is MB creatine kinase the 
choice for the 1990s? Circulation. 1993;88:750-63.

23. Cairns JA, Missirlis E, Walker WH. Usefulness of serial 
determinations of myoglobin and creatine kinase in serum 
compared for assessment of acute myocardial infarction. 
Clin Chem. 1983;29:469-73.

24. Ohman EM, Casey C, Bengtson JR, et al. Early detection 
of acute myocardial infarction: additional diagnostic 
information from serum concentrations of myoglobin in 
patients without ST elevation. Br Heart J. 1990;63:335-8.

25. Henry JB, ed. Clinical diagnosis and management by 
laboratory methods. 20th Edition. Philadelphia: WB 
Saunders; 2001.

26. Newby LK, Storrow AB, Gibler WB, et al. Bedside 
multimarker testing for risk stratification in chest pain 
units: The chest pain evaluation by creatine kinase-MB, 
myoglobin and troponin I. Circulation. 2001;103:1832-7.

Corresponding Author:
Mohammad Reza Safarinejad, MD
Address: No. 20, Razi Building, 6th St., Ghaem Magham Farahani 
Ave., Tehran, Iran.
P.O. Box: 19395-1849 Tehran, Iran.
Tel: +98 21 22484499
Fax: +98 21 22196848
Cell Phone: +98 937 5779342
E-mail: info@safarinejad.com

Received June 2013
Accepted December 2013


