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The diagnosis of acute myocardial infarction 
(AMI) is made conventionally on the basis of the 
clinical history, serial electrocardiograms, and 
serum enzyme changes. This approach suffices in 
the majority of instances. However, recent enthu- 
siasm for early intervention to reduce infarct size 
and the attempt to’optimize coronary care utili- 
zation.on a cost-effective basis has raised the need 
for early, sensitive, and specific indicators of 
myocardial necrosis. 

Recent reports have suggested that elevations 
of serum myoglobin (SMb) might provide such a 
parameter and permit estimation of prognosis 
and infarct size.lw3 However, a recent editorial has 
questioned the value of SMb in assessing 
suspected myocardial injury.4 

We report here a study of serum myoglobin in a 
consecutive series of patients with suspected 
acute myocardial infarction (AMI), and in several 
other noncardiac conditions. The sensitivity, 
specificity, and practical value of SMb are 
discussed in relation to a review of the litera- 
ture. 
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Table I. A rating system for suspicion of acute 
myocardial infarction (AMI) * 

Points 

Criteria 0 1 2 

Chest pain None Atypical Typical pain 
ECG changes No Non-specific New Q waves 

changes ST-T evolutionary 

changes ST-T 
changes 

Enzyme None Transient Sequential 

changes slight rise and 
elevation fall of 

levels 

*Interpretation: 5 to 6 points = Definite AMI; < 5 points = No 
definite AMI. 

Materials and methods 

Sixty consecutive patients admitted to an 
intensive care unit with the initial diagnosis of 
possible AM1 were studied. The diagnosis of AMI 
was established by a rating scale including chest 
pain, ECG changes, and enzyme elevations 
(Table I). Each case was evaluated for acute 
myocardial infarction by two independent ob- 
servers without prior knowledge of the myoglobin 
data. Patients with 5 to 6 points on this rating 
scale were judged to have a definite AM1 (Group 
1) and the others were classified as having no 
definite MI (Group 2). 

In all cases, the information which was record- 
ed included age, sex, previous history of AMI, 
angina, heart failure, valvular disease, renal 
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*After Forrester et. al.’ 
tOSee text for clinic21 criteria. 

disease, diabetes melhtus, liver disease, peripheral 
vascular insufficiency, alcohol abuse, or seizure 
disorder. There was also elicited information 
regarding recent history of unusual physical exer- 
tion, musculoskeletal trauma, seizures, intramus- 
cular injections, alcohol, or drug intake. Careful 
mquiry was made as to the exact time of onset of 
the present episode of chest pain or discomfort. 
Complete physical examination was recorded 
-with special attention to evidence of hypoperfu- 
sion (oliguria, altered mentation, skin changes, 

lli. Profile of patients studied 
-.--. -.-. 

I 

No definite 
2 

38 637 c 
22 I4 63.34 i- 

AMI 3 16 F 14.27 

Definite AM1 
5 

22 37% 
14 M 63.41 i 

s EF 12.71 
--_1_- 

*Lsee Table I. 

low BP or tachycardia), puhnoaary congestion 
(rales, tachypnea, abnormal chest x-ray), pres- 
ence of musculoskeletal trauma 01’ ~~r~~~era~ 
vascular disease. Clinical and hemodynamic 
subsets were assigned according to the classifica- 
Lion of Forrester (Table II). AI1 patients were 
evaluated and managed by a standa.rd coronary 
care protocol, which included serial enzymes and 
electrocardiograms, and conventha’i blood 
chemistry. Intramuscular Demeroi imeperidine) 
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iig. 2. Relationship of myoglobin levels to onset symptoms in acute myocardial infarction. l = alive at two 

weeks; o = dead at two weeks; o-1 = died shortly after sample collection. 

was used for sedation and analgesia, and 
morphine for refractory pain. Patients in clinical 
subsets III &d IV (i.e., with clinical evidence of 
hypoperfusion) had Swan-Gani catheterization 
for measurement of pulmonary arterial wedge 
pressure. Management with diuretics, inotropic 
drugs, fluids, vasodilators and other agents 
followed accepted principles.5 A record was kept 
of the number, route, type, and time sequence of 
administration of all medic&ions. Details of 
cardiopulmonary resuscitations, defibrillation, 
and other procedures were recorded. 

Patients with various other conditions were 
also studied including pre-and postoperative 
non-cardiac surgery (Group 3), critically ill 
patients in the intensive care unit without 
myocardial disease (Group 4), patients receiving 
multiple intramuscular injections (Group 5), and 
patients with heat stroke (Group ‘6). 

In Groups 1 and 2 (acute or suspected myocar- 
dial infarction), samples were drawn by venipunc- 
ture upon admission (Day 1) and on Days 2 and 4 
simultaneously with other conventional serial 
studies, In those cases where the time of onset of 

symptoms was reasonably certain (92 per cent of 
cases), the number of hours from onset was noted 
with each sample. Samples in the other groups 
were drawn at appropriate times. All samples 
were frozen at -20” C. for analysis in batches. 

Serum myoglobin was determined by radioim- 
munoassay empldying 11”5-labelled myoglobin, * 
based on the method of Stone and colleagues’ 
The assay was reproducible, sensitive, and specif- 
ic. The normal value for serum myoglobin was 
31 + 25 ng./ml. A value of 85 ng./ml. is consid- 
ered the extreme upper limit of normal. 

All information was coded and analyzed. 

Results 

The profile of the population studied for possi- 
ble AM1 is indicated in Table III. Thirty- 
three per cent of patients (22 of 60) had definite 
AM1 (Group l), and 63 per cent (38 of 60) (Group 
2) had equivocal or negative criteria. The two 
groups were comparable by age and sex distribu- 
tion. 

*From Nuclear Medicine Systems, Inc., Newport Beach, Cal. 92663. 
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Fig. 3. Myoglobin levels in other conditions studied. 

Fig. I shows actual myoglobin levels in the two 
groups. Values were significantly elevated in the 

group with acute myocardial infarction 
(172 i 124.9 ng./ml.) (p < 0.001). There was a 
significant correlation of higher peak SMb values 
with higher clinical subsets. As expected, the 
immediate mortality rate (two weeks) was signif- 
icantly lower in subsets I and II as compared with 
III and IV (p < 0.01) (Fig. 1). 

Three patients with AM1 failed to show signif- 
icant elevations of SMb. All were in clinical 
subset I and had mild transient elevations of 
SGOT. 

The exact time of onset of symptoms was 
known in 92 per cent of cases. Fig. 2 demonstrates 
SMb values as a function of total duration from 
the onset. Typically, elevations were noted at 6 to 
8 hours. Early peaks were noted in two patients 
(less than 2 hours) and both died. Sustained 
elevation of SMb into the third day was asso- 

ciated with increased mortality (p < 0.1). 
Twenty-one per cent of patients without defi- 

nite evidence for AMI (1 to 4 points on the rating 
scale) showed peak myoglobin levels elevated 
above normal. There was no trend towards higher 

values in those patients with hrghev ~ibine raSings. 
Four of these patients had possibly alternative 
explanations for the rise in SMb (chronic renal 
failure, 3; trauma, 1). 0ne patient had a final 
diagnosis of pericarditis secondary to a post- 
myocardial infarction syndrome. 

Fig. 3 shows SMb values in the oxher groups of 
patients studied. Significant elevations were seen 
in postoperative (non-cardiac) states (58 per 
cent): heat stroke (100 per cent)? critically il.1 
patients in the intensive care unit wit 
disease (27 per cent), and 50 per c 
patients receiving frequent IM injections. 

Myoglobin is a low molecdar weight beme 
protein synthesized and found exclusively in skel- 
etal and cardiac muscle, and is immunochemical- 
ly identical from the two sources ’ amage to 
either of these tissues would theorectically 
elevate serum myoglobin levels Renal clearance 
is rapid, though variable, and hence, myoglobin- 
emia following a single injury tends to be tran- 
sient.” 

Significant myogl~bi~~r~a EdBawing AMT has 
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Table IV. Reported studies of myoglobinemia in myocardial infarction 

Reference 
Assay 

technique 

Normal 

values of 

SMb. (ng./ml.)* 

Patient 

selection method 

Kagen et. al. 1975’ 

Jutzy et. al. 19753 Abstract 

Complement fixation assay 

Radio immunoassay (RIA) 

Stone et. al. 197F 

Stuart et. al. 1975’” Abstract 

RIA 

RIA 

Klocke et. al. 1976’j Abstract 

Stone et. al. 1977’ 

RIA 

RIA 

Kollman et. al. 1977’? Abstract 

Gilkeson et. al. 197818 

RIA 

RIA 

Reichlin et. al. 1978*O RIA 

Present study RIA 

Not detectable 

20.9 
k 23.3 

6-85 

Not detectable 

25 k 23 

(5-75) 

31 + 1.3 

(SE) 
685 

NS 
< 75 

6-85 

25 2 23 

< 85 

Admissions to CCUi 

CCU admissions 

CCU admissions 
(consecutive ?) 

Not specified 

CCU admissions 

CCU admissions 

Consecutive 
CCU admissions 

Patients with chest pain in 
Emergency room 

Admissions to CCU? 

Consecutive CCU 
admissions 

*Smb = Serum myoglobin values in ng./ml. I 1 S.D. 
tCCU = coronary care unit. 
INS = not specified. 
BAMI = acute myocardial infarction. 

been reported in several studies.7-1’ However, 
urine myoglobin levels showed extreme variabili- 
ty with regard to the time course of excretion, and 
are poorly correlated with peak serum levels and 
severity of infarction. 

Myoglobinemia following AM1 was first 
reported by Kagen and colleagues,* utilizing a 
complement-fixation assay which would detect 
up to 30 ng./ml of SMb. Elevated levels over a 
wide range were demonstrated in 11 of 21 patients 
with conventional evidence of myocardial necro- 
sis. Higher values tended to correlate with both 
increased severity of infarction and greater 
mortality. However, the assay technique tended 
to underestimate small quantities of myoglobin 
because of serum interference and normal persons 
had undetectable levels. 

A sensitive, specific, and accurate radioimmu- 

noassay for SMb was first reported by Stone and 
co-workers.‘? Currently accepted normal values 
for SMb are 31 + 50 (2SD) ng./ml., based on 135 
normal subjects studied by this group. The high- 
est value found in this population was 85 ng./ml. 
and this was considered the “upper limit of 
normal.” Normal subjects studied by other 
groups showed similar results, with maximum 
values ranging from 75 to 85 ng./m1.3s I3 

The available information on myoglobinemia 
following AM1 in the English language literature 
is summarized in Table IV. Two factors make 
comparison of these studies difficult. First, with 
one exception,14 none of the reports indicate 
whether the patient populations studied consti- 
tuted random samples, consecutive series, or 
selected groups with suspected AMI. Secondly, 
while most studies analyzed the SMb values in 
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On admission 
(5)~serial 

QlH x 6brs 
Q3H x 12hr-s 
QZHH x Sdays 

Variable serial in 9 
patients 

QlH x 12f;rs 
24hrs-from 48hrs 
onset 

Not specified 
(frequent) 

Variable (some 
serially) 

300 11/21 
-3700 (52%) 
216 30/30 

-6800 (100%) 

? Not 3ezectabie O/12 
(0%) 
o/20 
(0%) 

i/21 
(4.8%1) 

O/2 
(0%) 

S/18 
(44%) 
2/44 

(4.5%) 

o/13 
(0%) 
;‘/53 

,uEG; 

s/:9 
(42%) 
d/38 
(21%) 

Discussed in relation to 
onset of symptoms 

NS 

9.12brs. from 
onset 

2-88 

380 t 53 
195 2 47 

46-200 

18/2O 
(90%) 
5/5 

(100%) 

8-f2hrs. from 
admission 

41 I 6 

7-lOhrt-3. from onset Not detectab:e NS 

NS 1390 
f  1350 

528 
k 76 

31131 
(100%) 
62/64 

(96.8%) 

Early 162 c 5% 

NS 

Related to admission 
4 hrs. from 
admission 

44 f  6.0 

Not specified NS 

Related to admission 
NS 

> 100 8/9 

(88%) 
5/13 
(38%) 
9/12 
(75%) 
32/32 
(100%) 
19/22 
(86%) 

” > ;5 

On admission - 

6-Shrs. NS - 

Not specified NS 1368 
+ 1357 

172 
t 124 

162 i .52(8) 

38 5 ?6(!1: 
6-Shrs. from onset 63.6 

27 62.38 
On admission Day 

2 & Day 3 (A.M.) 

Discussed in relation to 
onset of symptoms 

unlikely to alter 5he basic mand&etnt 3” 3i’ c zast: 
e otber hand, the absence of 

significant elevation of alone J?%ould not be 
sufkient to abandon i ive cormary care if 
there is any other evidence $~~~es~i~~~ an AMI. 
Secondly, in most laboratories? RIA procedures 
are usually carried out in batches on stored 
samples for reasons of practicality and economy. 
To perform the assay on a single sample as an 
emergency procedure wsuld not be cost-effective 
except under unusual circumstances. .A practical 
approach would be to collect and snore sam- 
ples for SMb assay to be done on:.y in those 
cases in which ~o~ve~~iona~ parameteaa are equiv- 
ocal. 

Significant elevations in S b were r?osed in the 
large majority of cases of AMI in various series 
(Table IV). With increase frequency of sam- 
pling, 100 per cent of cases showed rn~o~~~~i~~ 
en92 3. 13. Ii However, these studdies insed hourly L . 

re’elation to the time elapse after admission to the 
hospital, a few (inelud g the present one) 
attempted to relate the timing of sample collec- 
tion to the onset of the symptoms of AMI. The 
duration of significant myoglobinemia was brief 
ti most studies, and return to normal values often 
occurred in less than 24 hours. Hence, although 
the exact time of onset of symptoms is difficult to 
determine in some patients, correlation with the 
duration of symptoms is probably more valid 
than with duration of hospitalization. In the 
present study, it was possible to determine the 
time of onset of chest pain in 92 per cent of the 
cases. 

In most studies, myoglobinemia was detected 
as early as four hours after admission and often 
preceded the appearance of elevated levels of 

fraction.‘~ 2- I4 The value 
on is questionable. First, 

s a few hours earlier is 
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Table V. Conditions in which elevated serum 
myoglobin levels have been reported 

1. Acute MI (See Table IV) 
2. Angina without infarction (See Table IV) 
3. Rhabdomyolysis’, I8 

4. Multiple fractures,‘, ‘El Muscle traumaI’ 

5. Acute vascular occ1usion’.‘5.‘8 
6. Renal failure’, la. ” 

7. Myopathies, type not specifiedI 

8. Vigorous exercise6 
9. I.M. injectionsL8* 

10. Open heart surgeryI, ‘a 
11. Non-cardiac surgery* 

12. Grand ma1 seizuresls 
13. ? Dig. toxicity’ 

14. Ventricular tachycardia’ 

15. Widespread cancer2 

16. Pericarditis ?* 
17. Circulatory shock’” 

19. Excessive alcohol ingestion?” 

*Present study. 

sampling for SMb, which is neither practical nor 
desirable in practice. In the present study, a 
deliberate attempt was made to evaluate the 
usefulness of a restricted number of samples 
obtained at the same time as other routine stud- 
ies. Even with such infrequent, sampling, 86 per 
cent of cases of definite AM1 showed significant 
elevations of SMb. It would appear that more 
frequent samples might be of value in individual 
cases where clinical suspicion of myocardial 
necrosis is high but other parameters are equivo- 
cal. It must be pointed out that Kagen and 
associates,1G in an early study, suggested that 
there appeared to be a “staccato phenomenon” 
with considerable variation in the levels of SMb 
in the early hours following infarction. 

In the present study, only three patients with 
definite evidence of AM1 failed to show elevations 
of SMb. These three, all in clinical subset I, 
showed only mild transient elevations of cardiac 
enzymes. In one patient, sampling time (3 and 44 
hours after onset of symptoms) may have missed 
a transient myoglobin peak. In the two others, 
modest evolutionary changes of SMb within the 
normal range were seen. However, there is no 
data available on day-to-day variations of SMb in 
normal individuals, and hence, no significance 
can be attributed to this. 

Peak values for SMb in AM1 were reported to 
occur in a varying period ranging from 4 to 12 
hours after admission to 6 to 12 hours after onset 
of symptoms in various series (Table IV). Actual 

Table VI. Conditions in which elevated serum 
myoglobin levels were not found 

1. Angina without infarction (See Table IV) 

2. Congestive heart failure without AMP I3 
3. Cardiac cath.’ 

4. Bicycle stress testing’ 
5. Moderate exercise3 

6. I.M. injections (5 subjects-10 cc. saline injections)‘,‘” 

7. Liver diseaseI 
8. Scleroderma’8 

9. Rheumatoid arthritisI 
10. Thryotoxicosis18 

11. Diabetic ketoacidosis’” 
12. Pancreatitis’” 

values also showed a considerable range, a few 
with levels as high as 3,000 to 6,000 ng./ml. 
Several studies attempted to correlate the peak 
myoglobin level with the severity and prognosis of 
the infarction. Significantly higher levels were 
noted in patients who also had congestive heart 
failure.‘, 2 In the present series, a significant corre- 
lation was noted between the height of the 
myoglobin peak and the severity of the infarction, 
as defined by the clinical subsets of Forrester and 
co-workers.5 However, it must be noted that 
patients in subsets III and IV had renal hypoper- 
fusion by definition, and hence might have had 
decreased clearance of myoglobin. It has also 
been suggested that severity of myoglobinemia 
might be used to estimate infarct size.’ In studies 
on experimentally induced AM1 in dogs, such 
correlation was possible. I7 However, the transient 
and unpredictable nature of the myoglobin peak 
and the possible “staccato phenomenon” alluded 
to above make it unlikely that SMb can be more 
reliable than currently available techniques for 
mapping infarct size. 

The incidence of elevated SMb in patients with 
chest pain, but no definite AM1 varies greatly, 
from 0 to 44 per cent in various series (Table IV). 
This may relate in part to variations in the 
diagnostic criteria for an AMI. Further, several 
other conditions are now known to produce eleva- 
tions in SMb (see Table V). In the present study, 
21 per cent of patients (8 of 38) with chest pain 
but no definite evidence of AM1 showed elevated 
SMb levels. Of these, three patients had chronic 
renal failure and one had sustained musculoskel- 
eta1 trauma before admission. One other patient 
was diagnosed as having a pericarditis probably 
secondary to a post-myocardial infarction syn- 
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ome. In the ot,her three, no apparent explana- 
n was found. It is possible that some of these 

patients may have had a “‘small” infarction which 
could not be detected by conventional methods. 
However, there was no trend towards increasing 
myoglobin levels with increasing suspicion (high- 

ons are very sensitive for 
AMI, they are certainly not specific. Table V lists 
the conditions in which elevated myoglobin levels 
were found by various workers. In the present 
study, 58 per cent of postoperative (noncardiac) 
patients, 50 per cent of patients receiving frequent 
IM injections, and 27 per cent of patients admit- 
ted to an intensive care unit for ‘critical noncar- 
disc illnesses showed significant elevations of 
SMb (Fig. 3). Open heart surgery resulted in very 
high levels of SMb,‘. I2 Other conditions in which 
myoglobinemia has been reported include exten- 
sive trauma, rhabdomyolysis, acute vascular 
occlusion of an extremity, grand ma1 seizures, 
metastatic cancer and following ventricular 
tachycardia without definite evidence of myocar- 
dial infarction (Table V). Because myoglobin is 
normally cleared rapidly by the kidney, SMb 

cult to interpret in the presence of 
acute or chronic renal failure. There is no data 
available at the present time which allows corre- 
lation of the severity of the renal failure with the 
degree of elevation of the SMb. While myoglobin- 
uria by itself is well known to be associated with 
renal failure, the quantities released in AM1 are 
not significant in this regard. 

While rigorous exercise is well known to cause 
significant rhabdomyo~ysis, bicycle stress testing 
and moderate exercise did not appear to raise the 
XMb.‘, 3 

While Stuart and associateP found that five 
subjects given 10 C.C. saline injections did not 
show elevated SMb, other studies, including the 

indicate that patients receiving frequent 
injections can have significant myoglo- 

Stone and colleagues’ found that 
cardiac catheterization did not alter myoglobin 
levels, 

It is evident that many factors, some of them 
rather non-specific, can alter myoglobin levels. 
The SMb in. myocardial infarction should, there- 
fore, be interpreted only in light of other asso- 

The transient and dramatic nature of the 
myoglobin peak suggests that a distinct second 

in the situation where other co~~e~~tio~~~~ par~rn~ 
eters are still abno al followi~~ the 5rs-t infarc- 
tion. Mollman an o-workers” have reported 

suggestions regarding rnyo~I~bi~erni~ in acute 
myocardial infarction: 

1. ~adioimmn~oa~s~y of serum my 
(SMb) is a sensitive indicator of my 
damage in the early hours fo~~ow~~~ an acute 
myocardial infarction (A 
quent sampling, more than 
show &gnificant elevations of 
higher with frequent. sarn~~~~, 

2. It is suggested that serum for analysis 
should be collected on admission and daily for 
two days, i.e., at the same time a.s other conven- 
tional studies are obtained. The 
be frozen and the assay perfo 
spect, there is significant doubt re~~~~i~~ the 
diagnosis. 

3. Careful note should be made of &e relation- 
shin of the timing of sample collection to t 
of onset of chest pain. ~~evat~~~~ of SMb 
expected to peak between 4 to 12 hours following 
the onset of pain. 

4. Elevations of SMb are nonspe&c for A 
It is probably valueless in the presence of r 
failure, rhabdomyolysis, extensive trauma, gostop- 
erative states (cardiac and noncar~iac~: acute vas- 
cular occlusions of extremities, and fo~l~wi~~ sei- 
zures. It should be interpreted with care fa~~~~~~g 
intramuscular injections, vigorous exercise, ven- 
tricular tachycardia, and 

suscitation. Inadequate data is available regar 
pericarditis and cardiomyopathies. ‘Twen%y 
per cent of critically ill patients w 
non-cardiac problems have a raised 
cannot be adequately exp~ain~~i~~ all S 

5. At present, there is ina equate data to 
suggest that SMb is superior to a 
conventional methods for assessment of the 
extent of infarction. Wowever, ver>r b.igb levels 
and sustained elevations tend to he associated 
with a poorer prognosis. 

6. SMb may be of special value in khe ~~a~~~~~s 
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of early recurrent 
tion. 
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