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ABSTRACT

Serial monitoring of the serum isoenzyme patterns of creatine phos- 
phokinase (CPK) and lactate dehydrogenase (LDH) in patients suspected 
of acute myocardial infarction has become a highly sensitive and specific 
diagnostic method. The predictable evolution of isoenzyme patterns fol­
lowing infarction permits diagnosis and recognition of early stages, recov­
ery stages and extension of infarction in the individual. Usual therapeutic 
and resuscitative manipulations do not interfere with evaluation of patients 
with angina or following cardiopulmonary arrest without infarction. De­
spite significant elevations of serum enzyme levels following general and 
cardiac operative procedures, the occurrence of myocardial necrosis in the 
surgical population can be recognized by detection of the specific CPK-MB 
isoenzyme.

Introduction

The laboratory diagnosis of acute 
myocardial infarction (AMI) has been 
dependent upon measurement of several 
serum enzyme levels. In the late 1950’s, 
serum glutamic oxalacetic transaminase 
and lactate dehydrogenase (LDH) were 
considered the most useful serum deter­
minations for detection of myocardial 
damage.8,16 Since these two enzyme mea­
surements reflect a variety of tissue 
sources, they had limited diagnostic 
specificity. Between 1964 and 1967, 
serum creatine phosphokinase (CPK) 
levels were reported to be a more specific

* Supported in part by grant HL-17670 of the Na­
tional Institutes of Health.

and reliable indicator of acute myocardial 
However, even thoughnecrosis.2,3,13 

CPK measurements were highly sensi­
tive, they lacked specificity owing to 
serum elevations from skeletal muscle. In 
1972, studies were published which 
presented methods for the routine detec­
tion of the highly specific CPK isoen­
zyme, CPK-MB.10,14 This isoenzyme is 
found in highest tissue concentration in 
myocardium. Many investigators have 
since chosen to combine serum analyses 
of LDH and CPK isoenzymes to establish 
the diagnosis of acute myocardial infarc­
tion.

This report will review the utility of 
combined isoenzyme analysis for the de­
tection of cardiac injury in both the medi­
cal and surgical settings.
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Acute Myocardial Infarction in the 
Medical Patient

The clinical diagnosis of AMI depends 
upon the interpretation of historical, elec­
trocardiographic and laboratory data. 
Each of these variables is known to have 
limitations. Prolonged substernal chest 
pain is often absent in patients with in­
farction6 and, if present, may be due to 
other causes. Similarly, although new “Q 
wave changes” on the electrocardiogram 
are highly specific for AMI, they are ab­
sent in approximately 30 percent of au­
topsy proven cases.5 Serum enzyme mea­
surements lack specificity for diagnosis of 
myocardial infarction owing to their mul­
tiple organ origins.

Wagner et al15 evaluated the sensitivity 
and specificity of the electrocardiogram 
(ECG), total CPK, the LDH i:LDH2 ratio 
and CPK-MB in the diagnosis of AMI. In 
table I are presented the results of this 
study involving 328 patients admitted to 
the coronary care unit. The ECG was 
found to be highly specific but not suffi­
ciently sensitive. Serum CPK measure­
ments were sensitive but of lower 
specificity. The LDH j:LDH2 ratio was 
both sensitive and specific with a predic­
tive value greater than the ECG and

T A B L E  I

Parameter Sensitivity and Specificity*

Diagnostic
Parameter

False
Neg.
(%)

Sensitivity
(%)

False
Pos.
(%)

Specificity
(%)

ECG 34 66 0 100
Total CPK 2 98 15 85
LDH^t LDH2 10 90 5 95
CPK-MB 0 100 1 99

*The incidence of both falsely positive and
falsely negative diagnostic parameters is shown. 
A parameter was considered falsely positive when 
all others (3) were negative. Likewise, a para­
meter was considered falsely negative when all 
others (3) were positive. Lack of false posi­
tives is indicative of a specific parameter and 
lack of- false negatives indicates high sensi­
tivity. (Reproduced by permission of 
Circulation.15

equivalent to serum CPK measurement. 
The CPK-MB isoenzyme was observed to 
have the highest predictive value being 
100 percent sensitive and 99 percent 
specific for the diagnosis of infarction. In 
this study, it was demonstrated that pa­
tients with CPK-MB but without diagnos­
tic ECG were not at lower risk than those 
with CPK-MB and diagnostic ECG. The 
mortality was identical for both groups.

The highest degree of confidence in 
the laboratory diagnosis of AMI was ob­
tained by analyzing serum samples for 
both LDH and CPK isoenzymes. In addi­
tion to diagnosis, the evolution of infarc­
tion in an individual patient could be 
recognized owing to the different time 
course of release of the cardiac isoen­
zymes. An example of the major charac­
teristics of serial CPK and LDH isoen­
zyme analysis in patients with infarction 
is present in figure 1.

The onset of chest pain is generally 
considered to represent the beginning of 
infarction. Clearly, this is not always true. 
However, using onset of chest pain as the 
time of initiation of infarction, CPK-MB 
is observed within 2 to 12 hours. In ex­
perimental coronary occlusion, where the 
time of onset is clearly established, the 
interval to first appearance of CPK-MB 
and an altered L D H ^L D ^  ratio is 3 to 5 
hours. In patients who are frequently 
sampled during the course of infarction, 
the CPK-MB isoenzyme appears in 
serum prior to the alteration of the 
LDHx:LDH2 ratio (figure 1, 12 hour sam­
ple). CPK-MB was found to persist in 
serum for 24 to 72 hours. Since the isoen­
zyme may disappear in 24 hours, sampl­
ing every 12 hours provides the greatest 
possibility of detecting CPK-MB in any 
patient suspected of AMI. The 
LD H i:LD H 2 ratio is altered to the 
myocardial pattern between 12 and 24 
hours following the event. This alteration 
is characterized by an increase in quan­
tity of LDHi and LDH2 with a greater
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F ig u r e  1. Combined 
LDH (top) and CPK (bot­
tom) electropherograms 
from sera of a patient with 
acute myocardial infarc­
tion. The samples were 
obtained 6, 12, 24, 48, and 
72 hours following onset 
of chest pain. (From Roe, 
C. R., Limbird, L. E., 
Wagner, G. S., and 
Nerenberg, S. T.: Com­
bined isoenzyme analysis 
in the diagnosis of 
myocardial injury: Appli­
cation of electrophoretic 
methods for the detection 
and quantitation of the 
creatine phosphokinase 
MB isoenzyme. J. Lab. 
Clin. Med. 80:577-590, 
1972.)
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increase in LDH]. This is the basic LDH 
pattern observed in myocardial extracts.

The simultaneous detection of this al­
tered LDH pattern and CPK-MB in the 
same sample (figure 1, 24 hour sample) is 
diagnostic of acute cardiac necrosis. The 
CPK-MB isoenzyme has a shorter dura­
tion in serum than the myocardial LDH 
isoenzyme pattern (figure 1, 48 hour 
sample). When this combination is de­
tected, the positive LDH pattern indi­
cates infarction has occurred within 48 
hours but the patient is in the recovery 
phase. Such a patient can then be moni­
tored until either the LDH pattern re­
turns to a normal relationship or exten­
sion of infarction occurs as evidenced by 
the reappearance of CPK-MB (figure 1, 
72 hour sample).

Hours

The relatively brief duration of 
CPK-MB in serum allows detection of ex­
tension which might be clinically unrec­
ognized. Therefore, serial monitoring of 

CPK and LDH isoenzymes provides 
qualitative insight into the course of an 
individual patient. If frequent quantita­
tive measurements are obtained, the 
course of individual patients is seen to 
be dynamic and additional data become 
available to assess the clinical progress 
of patients (figure 2).

The presence of CPK-MB in the serum 
of a patient with coronary insufficiency 
does not necessarily mean “ Acute 
Myocardial Infarction” in the traditional 
sense of transmural tissue necrosis pro­
ducing new Q wave changes on the ECG. 
Resuscitative techniques have occasion-
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F ig u r e  2. Serial mea­

surements o f CPK, LDH 
and  the CPK-MB isoen­

zyme obta ined every four 

hours in  two patients w ith  

e v o lv in g  acute m yocar­

d ia l infarction.

ally been associated with cardiac necrosis 
verified postmortem in patients who had 
CPK-MB detected in serum samples. The 
majority of cases requiring resuscitation 
following cardiopulmonary arrest with­
out other evidence of AMI have not had 
detectable serum CPK-MB. Patients with 
angina, stable or unstable, have only 
CPK-MM present in the serum. The 
serum CPK elevations resulting from 
convulsions, injections, cardiac catheter­
izations, or direct countershock contain 
only CPK-MM in the serum. The specif­
icity of CPK-MB for myocardial necrosis 
in the coronary care setting is, therefore, 
extremely good.

There are a number of other disorders 
in which CPK-MB is detected in the 
serum when the cardiac origin may not 
be proven. These conditions occur in 
general pediatric and medical patients 
and represent an area where laboratory 
diagnosis may be limited. The group as a

whole can be described as myopathic. 
The following conditions are included: 
Duchenne’s muscular dystrophy, 
polymyositis-dermatomyositis, idiopathic 
myoglobinuria, severe peripheral vascu­
lar ischemia (gangrenous) and occasion­
ally in Rocky Mountain spotted fever and 

Reye’s syndrome.3,10,11,12 The source of 
CPK-MB is obscure since each of these 
clinical conditions also may have as­
sociated cardiac pathology. These disor­
ders may also involve type II skeletal 
muscle fibers which contain CPK-MB. 
However, the LDH isoenzyme pattern 
and the magnitude of the serum CPK 
level frequently distinguish these disor­
ders from acute myocardial infarction.10

In the coronary care setting, serial 
monitoring with CPK and LDH isoen­
zymes has specific diagnostic value great­
er than either the ECG or individual 
serum enzyme measurements. The diag­
nosis of infarction may be excluded with
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certainty after 48 hours of monitoring re­
sulting in shortened hospital stay, de­
creased cost and increased bed utiliza­
tion in the coronary care unit.

Myocardial Infarction in the Surgical 
Patient

The surgical patient presents a unique 
challenge to enzymatic diagnosis of AMI. 
Serum enzyme levels are normally ele­
vated following major general and car­
diac operative procedures. The mag­
nitude of elevation is variable and de­
pendent upon the degree of trauma, need 
for transfusion and the extent of post­
operative complications. CPK measure­
ments which are both sensitive and 
specific in the medical patient setting are 
limited in the analysis of the post­
operative course of the surgical patient.

In high risk general surgical patients 
having coronary disease but undergoing 
non-cardiac operative procedures, the 
frequency of post-operative myocardial 
infarction has been reported as 8 percent 
with an associated mortality of 53 per­
cent.7 This high risk general surgical 
population presents a problem in diag­
nosis since the post-operative ECG as 
well as post-operative serum enzyme 
measurement are frequently non­
specific. Serial monitoring of serum CPK 
and LDH isoenzymes in this population 
has detected cardiac damage as readily as 
in the non-surgical coronary care patient.

Two studies of high risk patients have 
shown that CPK-MB is detected post- 
operatively in 5 to 6 percent of these pa­
tients (table II). In a group of 20 patients, 
one was diagnosed as post-operative in­
farction by LD H i :LDH2 ratio and 
CPK-MB. Despite a non-specific post­
operative ECG, cardiac necrosis was con­
firmed at autopsy.1

A second series of 103 patients con­
firmed a 5.8 percent frequency of 
CPK-MB post-operatively in a similar

TABLE I I

General Surgical Procedures: Incidence
of CPK-MB in High Risk Patients

Patients CPK-MB
Incidence 
(Percent)

Series A 20 1* 5
Series B 103 6+ 5.8

♦Autopsy confirmation of myocardial necrosis. 
tFive with EKG evidence of ischemia; one with 

gangrenous extremity.

population of patients with prior clinical 
history of myocardial infarction, hyper­
tension or diabetes. Five of the six pa­
tients with CPK-MB had ECG evidence 
of ischemia post-operatively. The re­
maining patient had no clinical evidence 
of ischemia but had severe peripheral 
vascular insufficiency. This individual 
underwent right lumbar sympathectomy 
for relief of peripheral vascular insuffi­
ciency which proved unsuccessful. The 
extremity became gangrenous involving 
both type I and type II muscle fibers and 
required amputation. Following amputa­
tion, all serum enzyme and isoenzyme 
abnormalities returned to normal.

In this setting, it is not possible to dis­
tinguish between a cardiac or type II 
skeletal muscle source for CPK-MB. Ex­
cept for severe peripheral vascular dis­
ease, the usual isoenzyme elevations ob­
served in the general surgical patient are 
CPM-MM and LDH-5. Since these are 
the usual post-operative isoenzyme ab­
normalities, the presence of CPK-MB and 
an altered LDH^LDHi ratio indicates 
acute cardiac necrosis.

The most difficult setting for the labo­
ratory diagnosis of myocardial damage in 
the surgical setting is the cardiac opera­
tive procedure. These operations, of 
necessity, involve some trauma to 
myocardium. Therefore, one would an­
ticipate a higher frequency of detection 
of CPK-MB during the perioperative pe­
riod.
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Dixon and co-workers1 studied 100 pa­
tients undergoing aortocoronary bypass 
for coronary artery disease. Serial sampl­
ing was limited to twice daily during the 
first 48 hours following operation and 
daily for three additional days. Forty- 
nine percent of these patients had no de­
tectable CPK-MB post-operatively. 
Fifty-one percent had variable amounts 
of this isoenzyme noted in serum sam­
ples. Three general serial enzyme and 
isoenzyme profiles typified this popula­
tion (figure 3, A,B,C). None of the 49 pa­
tients represented by profile A had post­
operative infarction by ECG. Twenty-six 
of the remaining 51 patients had 
CPK-MB detected only in the first post­
operative sample (figure 3,B). Four of 
these 26 (15.4 percent) had new Q wave 
changes on the post-operative ECG. In 
25 of the 51 patients with detectable 
CPK-MB, this isoenzyme persisted for 
more than 18 hours post-operatively (fig­
ure 3,C). Seventeen of these 25 patients 
(68.0 percent) had diagnostic post­
operative electrocardiograms. Therefore, 
66 percent of patients with CPK-MB per­
sisting for greater than 18 hours after aor­

tocoronary bypass are likely to have an 
ECG diagnosis of infarction.

Traditionally, infarction in the peri­
operative period has been termed “post­
operative” infarction. Of the 100 patients 
studied by Dixon, less than 5 percent 
could be designated as truly late, post­
operative infarcts. Oldham and co­
workers9 studied a group of 39 patients 
undergoing the same operative proce­
dure. Serial monitoring frequency was 
increased to study in detail the early 
operative interval beginning with anes­
thesia induction. In figure 4 are illus­
trated the type of data available from this 
analysis. In both patients, CPK-MB first 
appeared during the period of car­
diopulmonary bypass. The higher levels 
of CPK-MB in the upper half of figure 4 
were associated with an ECG infarct, 
evidence for which was detected 15 min­
utes after beginning cardiopulmonary 
bypass. The complete post-operative pro­
file was identical to that observed in fig­
ure 3,C. The intra-operative profile in the 
lower half of figure 4, is similar to the 
complete profile seen in figure 3,B.

F ig u r e  3. Serial measurement of CPK, LDH and the CPK-MB isoenzyme in patients under­
going aortocoronary bypass grafting. (A) Characteristic profile of the group of patients in whom 
CPK-MB was not observed. (B) Example of the group having transient appearance of CPK-MB 
without diagnostic ECG. (C) CPK-MB quantitation representative of the majority of patients with 
ECG confirmed acute myocardial infarction. Reproduced by permission of the American Heart 
Association, Inc. (From Dixon, S. H., Limbird, L. E., Roe, C. R., Wagner, G. S., Oldman, H. N., 
and Sabiston, D. C.: Recognition of post-operative acute myocardial infarction. Circulation 47 i? 
48, (Suppl. Ill): 137-140, 1973.
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F ig u r e  4. Enzyme ac­
tivity in two patients dur­
ing the intra-operative 
and early post-operative 
period following coronary 
artery bypass surgery. 
The upper panel demon­
strates a progressive rise 
in total CPK. CPK-MB 
first appeared after 30 
minutes of cardiopulmo­
nary bypass and persisted 
for 55 hours. This patient 
had post-operative ECG 
changes of acute infarc­
tion. In the lower panel, 
CPK-MB appearing after 
one hour and 10 minutes 
of cardiopulmonary 
bypass was transiently 
detectable for 6 hours. 
This patient had no 
changes of ischemia or in­
farction on post-operative 
ECG. (From Oldham, H. 
N., Jr., Roe, C. R., Young, 
W. G., Jr., and Dixon, S.
H., Jr.: Intraoperative de­
tection of myocardial 
damage during coronary 
artery surgery by plasma 
creatine phosphokinase 
isoenzyme analysis. Surg. 
74 ■.917-925, 1973.)

3 6 0 0 r-

CPK
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This high frequency monitoring pro­
tocol permitted identification of the 
operative interval in which patients first 
had detectable CPK-MB. In table III is 
shown this distribution in 30 patients 
within these intervals. The majority of 
patients had detectable CPK-MB while 
on cardiopulmonary bypass (47 percent) 
or following bypass (37 percent). No pa­
tients had CPK-MB appearing for the first 
time late following operation. Five pa­
tients (16 percent) had detectable serum 
CPK-MB prior to cardiopulmonary 
bypass. Additional studies indicate that 
pre-bypass appearance of CPK-MB in pa­
tients having aortocoronary bypass may 
be even more frequent.4 These studies 
emphasize the importance of this interval 
in the genesis of AMI in patients with 
severe coronary disease.

The amount of CPK-MB released dur­
ing the perioperative period following 
aortocoronary bypass appears to have a 
relationship to the severity of the post­
operative electrocardiographic diagnosis. 
The amount of CPK-MB is integrated 
over the duration of its presence in 
serum. This integral, referred to as a 
crude myocardial damage index (MDI) is 
expressed in units of IU/L-Hours. In

TABLE I I I

I n i t ia l  Appearance of 
Detectable CPK-MB in  30 Patients*

Before
Anesthesia

Before
Pump

During
Pump

After Post- 
Pump Operative

1 (3%) 4 (13%) 14 (47%) 11 (37%) 0

♦Reproduced bv oermission of Suraeru.1®
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TABLE IV

Relationship of ECG Category to Myocardial 
Damage Index (MDI) Following Aortocoronary Bypass

ECG Category Patients %
Mean
MDI Significance

Infarct 20 18 2145 -
-P<0.01

Ischemia 
or injury

50 46 221 -
-P<0.1

-P<0.0001

Non-specific 
or normal

ST 39 36 63 -J

table IV is illustrated the relationship be­
tween these areas and the ECG category 
in 109 patients undergoing this operative 
procedure. There is a significant differ­
ence between the ECG categories of (1) 
infarction, (2) ischemia or injury patterns 
and (3) non-specific ST segment changes 
or no changes post-operatively.

Further study and evaluation of the 
clinical severity of coronary artery dis­
ease, anesthetic techniques, operative 
manipulations and myocardial preserva­
tion techniques will ultimately identify 
those factors related to intra-operative 
cardiac damage and should reduce both 
clinically significant and insignificant 
elevations of the CPK-MB isoenzyme 
during cardiac procedures. Although 
CPK-MB is expected more frequently 
during these operations, its elimination is 
desirable and may well reflect reduced 
individual risk.

Summary

Combined isoenzyme analysis (CPK 
and LDH) is both specific and sensitive for 
detection of acute myocardial necrosis in 
the medical, general surgical and cardiac 
surgical settings. The diagnosis of AMI can 
be excluded in patients whose ECG is 
non-diagnostic by serial monitoring. The 
usual resuscitative procedures or manipu­
lations employed in the coronary care unit 
do not produce CPK-MB in serum. Pa­
tients with arrhythmias or angina without 
infarction have normal serum isoenzyme

patterns. Certain myopathic conditions 
involving type II skeletal muscle fibers 
have detectable serum CPK-MB which 
may be differentiated from cardiac origin 
by lack of confirmation by serum LDH 
isoenzyme patterns.

The general surgical patient can be 
evaluated by these laboratory tests in the 
same manner as patients in coronary care. 
Patients undergoing cardiac operative 
procedures in which cardiac manipulation 
is inherent will have a higher frequency of 
CPK-MB detection than general surgical 
patients. The level of integrated CPK-MB 
released during the perioperative period 
following aortocoronary bypass proce­
dures correlates with the severity of the 
electrocardiographic diagnostic category.
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