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Background

Acute myocardial infarction (AMI) continues to be a major cause of death in the western world. The disease develops suddenly and claims the lives of over 600,000 persons each year in the United States alone. These are people who, for the most part, are free of cardiac symptoms or are only mildly symptomatic with stable angina pectoris. Thus, in spite of the frequency and severity of the disease, little is known of the events that transform a chronic stable condition into an acute, life-threatening medical emergency.1 This trend continues despite increased awareness by the populace of the high incidence of the disease and a knowledge of the predisposing factors.2 A great deal of progress has been made in recent times in the recognition of the signs and symptoms of the disease and in the ability to make an accurate diagnosis and confirmation of the disease soon after appearance of symptoms.3 

The diagnosis of AMI has traditionally been based on the World Health Organization’s criteria, which includes clinical history, evidence of chest pain, and evolutionary changes in the electrocardiogram (ECG).4,5 Myocardial infarction is associated with a characteristic diagnostic triad. First is the severe and prolonged chest pain, which is not relieved with the administration of nitroglycerine and other vasodilating agents. The second aspect of the diagnostic triad is ECG changes, which consist of pronounced Q waves, ST segment elevation and inverted T waves.2 These changes are apparent in the leads overlying the area of necrosis.2,3,6 However, only about 50% of patients with AMI manifest these characteristic changes. Thus the other 50% are missed if diagnosis is based solely on clinical history, presence of chest pain and evolutionary changes in the ECG alone.3,6 The third aspect of the diagnostic triad is the release of several tissue markers or enzymes from necrotizing myocardium. These enzymes have characteristic release-to-peak patterns and they show increased activities soon after onset of symptoms, which is very indicative of an AMI.7,8,9 The cardiac enzymes released following AMI include creatine kinase (CK) and its isoenzymes, lactate dehydrogenase (LD) and its isoenzymes, and aspartate aminotransferase (AST). A serial measurement of CK in patients with onset of chest pain within the previous 12 hours before admission has the potential to provide a very early and accurate diagnosis of AMI. Creatine kinase and CK-MB are the earliest of the cardiac enzymes to show increased activities; these levels can be increased as early as 2 hours after onset of chest pain and usually peak at about 18 to 24 hours.

Methods that have been used for the measurement of CK isoenzymes include electrophoresis, ion-exchange chromatography, radioimmunoassay (RIA), immunoinhibition and immunoenzymometric assay.10 The purpose of this study was to compare the performance characteristics of the Kodak Ektachem 700 chemistry analyzer immunoinhibition method of creatine kinase isoenzyme MB (CK-MB) estimation with those of the Abbott IMX immunoenzymometric method in cases of acute myocardial infarction. The Ektachem immunoinhibition method measures enzyme activity while the IMX immunoenzymometric method measures enzyme mass concentration.

Materials and Methods

Approval for this study was given by the Institutional Review Committee of Manchester Memorial Hospital (MMH), Manchester, Connecticut. The patients for this study were randomly selected. Three sets of samples were analyzed for this study and each set of sample population had certain unique features. The first set of samples was obtained from nine male and fourteen female patients, whose physicians had requested that CK and CK-MB be performed on their sera. At MMH, CK-MB is performed only after CK tests show abnormally high enzyme activity above the cutoff concentration. If the CK activity is within normal range, CK-isoenzyme testing is not performed. Thus the performance of CK-MB analysis implies a suspicion and/or confirmation of AMI. The second set of samples was from a normal group of ten male and six female patients, whose chemistry profiles were within normal range. The third set of samples was obtained from five healthy volunteers who had no previous history of cardiac problems. The sera from these sets of samples, as well as sera from a patient with elevated CK-MB, were pooled, aliquoted and frozen at –20ºC until testing. 

Instruments and Reagents

The immunoinhibition method of CK-MB analysis was performed on the Kodak Ektachem 700 chemistry analyzer, manufactured by the Eastman Kodak Company, Rochester New York, according to the manufacturers protocol.11 The test was carried out as previously described.12 The immunoenzymometric method was performed on the Abbott IMX instrument manufactured by Abbott Laboratories Diagnostic Division Abbott Park Illinois, according to manufacturers protocol.13 The testing was carried out as previously described.14
Results

Evaluation of precision was carried out by replicate analyses of two pooled samples from the third sample set, as well as from the patient with high enzyme activity. The mean CK-MB enzyme activity concentration and mass concentration of the first pool of samples were 5.83 U/L and 1.42 ng/mL and the coefficients of variation (CVs) were 12.86% and 21.83% for the Ektachem and IMX methods, respectively. The standard deviations were 0.75 for the Ektachem and 0.31 for the IMX method. Testing of the second pool of samples yielded a mean CK-MB enzyme activity of  3.8 U/L and a mean mass concentration of 0.57 ng/mL, with CVs of 10.78% and 40.35% by the Ektachem and the IMX methods, respectively. The respective standard deviations were 0.41 for the Ektachem and 0.23 for the IMX method. Replicate analysis of the pooled serum sample from the patient with high CK-MB enzyme activity gave mean CK-MB enzyme activity and mass concentration of 118.3 U/L and 133.4 ng/mL with CVs of 1.48% and 4.33% by the Ektachem and the IMX methods, respectively. The standard deviations were 1.75 by the Ektachem and 5.77 by the IMX, respectively. A chi square analysis gave a value of 0.622 and a p<0.10 with one degree of freedom. 

Twenty-two charts were randomly selected for retrospective review. These consisted of 15 patients diagnosed as having an AMI and 7 non-AMI cases. Fourteen were male patients and the remaining 8 were female patients. Table I shows the results of immunoinhibition and immunoenzymometric analyses of sera from these patients. The far right column of Table I indicates the classification of patients’ diagnoses. Table II is a contingency table of Table I data showing the predictive values of tests by the two methods applied to those with MI and non-MI.

. 

Table I

RESULTS OF PATIENTS WHO’S CHARTS WERE RETROSPECTIVELY REVIEWED
	Ektachem
	IMX

	
	Gender
	CK U/L
	CK-MB U/L
	% CK-MB
	CK-MB ng/mL
	Relative % Index
	Diagnosis

	
	F
	2600
	12
	0.5
	6.0
	0.2
	NMI

	
	M
	2569
	203
	7.9
	236.6
	9.2
	MI

	
	M
	2295
	64
	2.8
	53.0
	2.3
	MI

	
	M
	2391
	213
	8.9
	243.6
	10.2
	MI

	
	M
	586
	71
	12.1
	80.0
	13.7
	MI

	
	M
	548
	51
	9.3
	35.6
	6.4
	MI

	
	F
	545
	14
	2.6
	10.0
	1.8
	MI

	
	M
	532
	83
	15.6
	85.4
	16.1
	MI

	
	M
	502
	61
	12.2
	24.1
	4.8
	MI

	
	M
	482
	86
	17.8
	76.7
	15.9
	MI

	
	M
	414
	33
	8.0
	55.9
	13.5
	NMI

	
	F
	414
	40
	9.6
	24.4
	5.9
	MI

	
	F
	249
	12
	4.8
	6.7
	2.7
	MI

	
	M
	254
	33
	13.0
	29.0
	11.4
	MI

	
	F
	230
	21
	9.1
	2.1
	0.9
	NMI

	
	M
	397
	11
	2.8
	2.2
	0.6
	NMI

	
	M
	399
	5
	1.0
	2.3
	0.6
	NMI

	
	F
	182
	19
	10.4
	24.0
	13.2
	MI

	
	M
	3162
	276
	8.2
	*>300
	
	NMI

	
	M
	2250
	151
	6.7
	198.2
	8.8
	MI

	
	F
	16569
	144
	0.9
	97.6
	0.6
	MI

	
	F
	3820
	36
	0.9
	8.0
	0.2
	NMI

	
	
	
	
	
	
	
	

	n
	
	22
	22
	22
	21
	21
	

	 EQ \O(x,–) 
	
	1881.36
	74.50
	7.50
	61.96
	6.62
	

	SD
	
	3472.61
	75.73
	4.98
	75.16
	5.7
	

	n = Number of samples



MI = Myocardial Infarction

 EQ \O(x,–)  = Mean enzyme concentration


NMI = Non-myocardial infarction

SD = standard deviation



* = Result outside measuring range of instrument


The reference range for CK is 30 – 135 U/L in females and 55 – 170 U/L in males. The reference range for CK-MB is 0 - 14 U/L and 0 - 5 ng/mL. Since CK-MB is released from damaged myocardium, levels of CK-MB in normal individuals are low to undetectable. Both methods falsely identified the same three patients as having MI. One other patient in each analytical test group was falsely identified as having MI. The IMX method gave no false negative results, but the Ektachem method had two false negative results. There were 13 true positives by the Ektachem method and 15 by the IMX method. The normal control subjects whose chemistry profiles were within normal ranges showed consistently normal CK and CK-MB activity concentrations and CK-MB mass concentrations.

Table II

PREDICTIVE VALUES OF TESTS APPLIED TO MYOCARDIAL INFARCTION

AND NON-MYOCARDIAL INFARCTION PATIENTS WHOSE CHARTS WERE

REVIEWED RETROSPECTIVELY

	
	EKTACHEM
	IMX

	True Positive
	13
	15

	True Negative
	3
	3

	False Positive
	4
	4

	False Negative
	2
	0

	Sensitivity

Specificity

PPV

NPV

Efficiency
	86.67%

42.86%

76.74%

60.00%

72.72%
	100%

42.86%

78.94%

100%

80.95%

	PPV  =  Positive predictive value

NPV  =  Negative predictive value


Discussion

Both methods are more precise with high CK-MB enzyme concentrations than with low enzyme concentrations. However, regardless of enzyme concentrations, the Ektachem method appears to be consistently more precise at both high and low enzyme concentrations. In spite of the relative imprecision of the IMX method, it is a more sensitive method than the Ektachem method. The IMX method gave a sensitivity of 100% versus 86.67% for the Ektachem method. Both methods gave the same specificity of 42.86% while the IMX method gave a slightly higher positive predictive value of 78.94% versus 76.47%. Negative predictive value was higher for the IMX method at 100% versus 60.00% for the Ektachem method. These results compare well with a study of 548 patients (including 44 MI patients) conducted by Young et al.15 1992 in which they concluded that a CK-MB monoclonal antibody immunoassay performed significantly better than an CK-MB immunoinhibition immunoassay and total CK measurement in the Emergency Department patients with chest discomfort. This study also showed that the IMX monoclonal antibody immunoenzymometric assay is better than the immunoinhibition assay by Ektachem method. However, a chi square analysis of data gave a calculated (2 of 0.622, with p< 0.10 with one degree of freedom, which indicates no significant difference between the two methods. The small number of patients involved in this study makes it necessary for further study involving a larger group of Subjects to either confirm or refute statistical difference between the two methods.

Both methods are fully automated and capable of hand-off operations. The Ektachem method is a faster method and actual testing time from introduction of sample to the output of result takes five minutes. The IMX method take 35 minutes to perform one test and about 40 minutes to perform a batch of 24 tests. Samples can be introduced to the Ektachem analyzer at any time during the test process but the IMX instrument performs testing in batches. While the measurement of total CK is not by itself a very sensitive indicator of the presence of an AMI, there still might be a desire to determine the size of infarction through knowledge of how much of the released CK is actually of the CK-MB variety. This knowledge can be acquired only if total CK enzyme activity is measured. The Ektachem can measure CK enzyme activity, which the IMX cannot, but the high sensitivity of the IMX method, compensates for this. On the whole, both methods showed high precision, sensitivity and specificity but the Ektachem method appears to be more precise while the IMX method appears to be more sensitive.   
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