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Abstract
Aims: To compare plasma myoglobin
concentration and cardiac enzyme

activity with electrocardiographic (ECG)
changes in two groups of patients (reper-
fused and non-reperfused) participating
in a placebo-controlled randomised dou-
ble blind trial oftreatment ofmyocardial
infarction (MI) with intravenous throm-
bolytic therapy (Anistreplase).
Methods:Twentytwopatientswith confir-
med MI obeying strict inclusion and
exclusion criteria were studied.
Plasma myoglobin was measured by

radioimmunoassay and creatine kinase
enzyme (CK and CKMB) by NAC acti-
vated and NAC activated/immunoinhibi-
tion methods respectively in all patients
before and at frequent intervals after
injection of Anistreplase or placebo.
Patients were divided into reperfused (R)
and non-reperfused (NR) groups on the
basis of ECG criteria. Reperfusion was

diagnosed if the measured ST segment
elevation fell by > 50% at 2 hours post
dosing.
Results: The time to peak (TTP)
myoglobin was significantly less in the R
group compared with the NR group but
there was considerable overlap in the
range of values.
The area under the enzyme time curves

(AUCs) and summed ST segment E ST
elevations were significantly smaller in
the R compared with the NR group.

Conclusions: Although TTP myoglobin
results were significantly lower in the R
group, TTP myoglobin will probably not
be useful as an non-invasive indicator of
reperfusion because of the overlap in
values between the two groups. The sig-
nificant reduction in the AUC and EST
only in the R group suggests decreased
infarct size. However, in this small
preliminary study reperfusion did not
occur more frequently with Anistreplase
than without.

P-anisoylated (human) Lys-plasminogen-
streptokinase activator complex (APSAC or

Anistreplase) is a novel thrombolytic agent
introduced for use in the early treatment of
myocardial infarction (MI).' Reperfusion of
thrombosed coronary arteries following treat-

ment with thrombolytic agents results in a

rapid release of myoglobin, the cardiac enzyme

creatine kinase (CK) and its isoenzyme
(CKMB) into the circulation.
Recent studies have shown that myoglobin

release occurs earlier than that of CK or
CKMB following reperfusion after MI.2 A
reduced time from dosing to peak (TTP) has
been suggested as an indicator of reperfusion
after MI. A fall in the maximum elevated ST
segment of > 50% has been shown to be a valid
index of reperfusion.4
The aim of the study was to compare plasma

myoglobin concentration and cardiac enzyme
activity with ECG changes in two groups of
patients (reperfused and non-reperfused) par-
ticipating in a placebo-controlled randomised
double-blind trial of intravenous Anistreplase.
Myoglobin release would potentially be a sim-
ple non-invasive method of detecting reper-
fusion and re-infarction (especially when ECG
changes were equivocal) suitable for hospitals
without facilities for angiography.

Failure to reperfuse is associated with a
higher risk of in-hospital and long term mor-
tality. Acute percutaneous transluminal coron-
ary angioplasty can achieve recanalisation in
most of these patients if they are identified
early.5 The amount ofCK and CKMB released
as estimated from the area under the enzyme
time curve (AUC) is considered by many
authors to be proportional to infarct size in the
absence or presence of thrombolytic therapy.6
Since the 12 lead ECG summed ST segment
elevation (X ST) has also been shown to be
proportional to infarct size78 then this study
should also confirm if early reperfusion reduces
infarct size.9

Methods
Twenty two patients (17 males, five females)
obeying strict inclusion criteria were admitted
to the study and randomised to receive either
Anistreplase or placebo.'0

Informed consent was obtained from all
patients. Blood samples were taken for myo-
globin, CK, and CKMB: (1) before dosing with
Anistreplase or placebo, (2) at 15 minute
intervals post dosing for the first 4 hours, (3)
hourly for the next 4 hours, (4) at 10, 12, 18, and
24 hours, and (5) 12 hourly for up to 72 hours.

Patients were categorised into either reper-
fused (R) or non-reperfused (NR) groups on
the basis of ECG criteria. Twelve lead ECGs
were carried out on a Hewlett-Packard 4700A
electrocardiograph. ST elevation was meas-
ured at the J point in the lead showing maxi-
mum ST shift on admission. ECGs were
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Table I Non-significant patient characteristics in the reperfused groups (mean and range)

Infarction site Timefrom
(male:female ratio) outset of

Patient Age Height Weight symptoms
group (years) (cm) (kg) Anterior Inferior to dosing (h)

Reperfused 56-7 163-0 70-6 4 5 3-64
(n = 9) (50-69) (157-165) (57-91) (3:1) (4:1) (2-5)
Non-reperfused 58 168-5 68-5 2 6 3 55
(n = 8) (44-67) (163-174) (52-81) (2:0) (5:1) (2 54-75)

Table 2 Time to peakfrom dosing with Anistreplase or placebofor myoglobin, CK, and CKMB andAUCfor CK
and CKMB (means and ranges)

AUC
Time to peakfrom dosing (h) (IUII per hour)

Patient
group Myoglobin CK CKMB CK CKMB

Reperfused 2-31 13-6 11 2963 238
(n = 9) (1-3-5) (5-24) (4-18) (481-7305) (84-771)
Non-reperfused 5-3 19 14 5954 519
(n = 8) (275-8) (8-24) (8-24) (1789-10804) (204-844)
P reperfused v non-reperfused <0 01 NS NS <0-01 < 0 05

NS = not statistically significant, p > 0 05.

independently reported by two observers (JBI
and RJH).

Successful reperfusion was considered to
have occurred if the ST segment elevation
(measured at the J point) fell by >50% at 2
hours post dosing. The size of the infarction
prior to dosing was estimated from the ZST
elevation on the 12-lead electrocardiograph.
The AUC were calculated from the geometry
of the graphs.
Myoglobin was measured by a radio-

immunoassay technique (Nuclear Medical
System Pharmaceuticals Inc, Newport Beach,
California.) CK activity was measured by an
NAC-activated kit and CKMB using an NAC-
activated immunoinhibition kit (Boehringer
Mannheim) at 37°C.

Statistics
Results are expressed as mean (range) unless
otherwise stated. Non-parametric group
parisons were made using the Wilcoxoi

--- Creatine kinase reperfused
--0-- Creatine kinase not reperfused

3500 -_--ci- Myoglobin reperfused
--o-- Myoglobin not reperfused

-- -

2 4 6 8 10 12 18 24

Hours after dosing with anistreplase

Serum myoglobin and creatine kinase isoenzymes (CKMB) after dosing with
Anistreplase (or placebo) in reperfused and non-reperfused groups. (Mean with
standard error of the mean.)

sum test. Correlations were performed using
standard statistical methods. Significance was
established at the level of p < 0-05.

Results
Equivocal ECG results were obtained in five
patients because of either left ventricular
hypertrophy or old myocardial infarction and
they are considered separately later.
Of the 17 patients remaining nine showed

reperfusion (R) and eight did not (NR) on the
basis of changes in the maximum ST segment
elevation pre-dosing compared with 2 hours
post dosing. Thus the R group showed a
significant decrease in maximum ST segment
elevation from 3-6 (2-8) pre-dosing to 1 1 (0-4)
mm post dosing (69%; p < 001), whereas
comparable changes for the NR group were an
increase from 2-9 (2-5) to 4-1 (1-7) mm (44%;
p < 0 05).

) com- Age, height, weight, infarction site (anterior:
n rank inferior ratio), male:female ratio, and time from

outset of symptoms to dosing were comparable
in the two groups (table 1).
Although the TTP myoglobin concentation

was significantly less in the R compared with
the NR group, there was considerable overlap

350 in the range of values. The TTP, CK and
300 CKMB were not significantly different in the

two groups (figure, table 2). The areas under the
v CK and CKMB enzyme time curves were
> significantly smaller in the R compared with
> the NR group (table 2).

200 , Prior to dosing the ZST elevation was not
a significantly different in the two groups. In the
c R group the EST elevation decreased sig-

, nificantly from 1 1 2 (range 4-28.5) pre-dosing
10 to 38 (range 0-17) mm at 2 hours post dosing

, whereas it increased non-significantly from 7-6
U (4-5-17) to 11 (2-5-23 5) in the NR group in

this period (table 3).
On pooling the results (R and NR) there was

0 a significant positive correlation between TTP
myoglobin with the AUC for CK (r = 0-60;
p < 0-01) as well as with the AUC for CKMB
(r = 0-61: p < 0.01). There was also a sig-
nificant positive correlation between 2 ST at 2
hours post dosing with AUC for CKMB (r =
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Table 3 Summed ST segment changes in 12-lead ECG pre-dosing (ZST)o and 2 hours post-dosing (ZST), with
Anistreplase or placebo in reperfused (R) and non-reperfused (NR) groups (mean and range)

Patient £STo EST2 Change P
group (mm) (mm) EST (%) EST, v EST2
R 112 38 -74 (66) 0_01

(4-28 5) (0-17) (-1-5- 16 5)
NR 7-6 11 3-4 (45) NS

(2-5-17) (25-23 5) (-0-5-10-5)
PRvNR NS <001 <001

NS = not statistically significant, p = 0 05.

0-74; p < 0.001) as well as with the AUC for
CK (r = 0-69; p < 0 01).
When the drug code became available it was

revealed that of the nine patients who showed
reperfusion, four had received Anistreplase
and five placebo, whereas of the eight patients
in the NR group, four had received Anistre-
plase and four placebo. In the group of patients
with equivocal ECG findings the biochemical
results would have suggested reperfusion in
three patients and non-reperfusion in two, on
the basis of shorter TTP myoglobin (2 75, 3-25
and 7 5 h) and lower AUC CKMB (136, 158
and 282 IU/l per hour) in the former compared
with the latter group (5 and 8 hours) and (934
and 1000 IU/l per hour) respectively.
Of the three where the biochemical findings

indicated reperfusion, two had received Anis-
treplase and one had placebo, whereas of the
two whose results did not indicate reperfusion
one had Anistreplase and one had placebo.

Discussion
The comparability of the Z ST elevations in
the R and NR groups suggests that the infarct
sizes were similar prior to dosing.78 Therefore,
any differences in biochemical parameters
(myoglobin, enzymes) between the two groups
after treatment are unlikely to be due to
inequality in infarct size prior to dosing.
The TTP myoglobin concentration was sig-

nificantly less in the R group compared with
the NR group. However, serum myoglobin
measurement will probably not be useful as a
non-invasive indicator of reperfusion because
of the overlap in the ranges of TTP values
between the R and NR groups. Therefore, it
may not be possible for individual patients to
be categorised.
No significant difference was found between

the two groups in the TTP for either CK or
CKMB. A reduced TTP after treatment with
Anistreplase (compared with placebo) has been
reported for CK.91'
Many recent studies have demonstrated that

the AUC for CK or CKMB is a valid index of
the size ofthe myocardial infarction.61' 12 As the
AUC for CK and CKMB is significantly less in
the R compared with the NR group, this
suggests reduction in the size of the infarct in
the former group. The significant positive
correlation between TTP for myoglobin and

AUC for CK and CKMB suggests that a
shorter TTP myoglobin is associated with a
decreasedAUC and infarct size. Since the TTP
for myoglobin in the R group is significantly
less than the NR group this indicates that early
reperfusion (resulting in a shorter TTP
myoglobin) leads to a decreased AUC and size
of infarct.
The Z ST elevation is also considered to be

an index of infarct size.78 The ZST fell sig-
nificantly (from pre-dosing values) at 2 hours
post-dosing only in the R group, indicating a
decreased infarct size in the R but not the NR
group. However, since the number of patients
receiving Anistreplase in the R and NR groups
was equal (four) then the differing effects on
TTP myoglobin, AUC, and infarct size in the
two groups are unlikely to be due solely to the
drug. The results of this preliminary study do
not therefore explain the recent report of a
significant (47%) reduction in 30 day mortality
in double blind trials with Anistreplase.'°
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