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Abstract
Alteplase (recombinant tissue-type plas-
minogen activator (rt-PA)) was infused
within four hours of onset of symptoms
in 286 patients with acute myocardial
infarction. Delayed coronary angiogra-
phy was performed 72 hours after
admission with coronary angioplasty if
indicated. Electrocardiographic moni-
toring was continuous during the first
hour of treatment. The sum of the ST
segment elevations (2E ST) was calculated
on electrocardiograms recorded at entry
and an hour later. ST elevations resolved
rapidly within one hour of treatment in
189 patients and persisted in 97 patients.
Rapid resolution of ST elevation
correlated with angiographic coronary

patency as determined by coronary

angiography 72 hours after admission.
The patients with rapid resolution of
2; ST had significantly smaller infarcts
and a better clinical outcome than the
patients with persistent ST elevation.
2; ST values at entry and one hour after
treatment had no additional indepen-
dent predictive value. Rapid resolution
of ST elevations in patients undergoing
thrombolysis with alteplase was

associated with a significantly smaller
release of creatine kinase, better
preservation of left ventricular function,
lower morbidity, and less short and long
term mortality. Rapid resolution of ST
elevation is an efficient indicator of clin-
ical outcome in groups of patients with
acute myocardial infarction undergoing
thrombolysis with alteplase.

Thrombolytic treatment in acute myocardial
infarction has been shown to be effective in
preserving the ventricular ejection fraction'2
and reducing short and long term mortality."4
Although 60 to 7000 of treated patients can be
successfully reperfused,' thrombolytic treat-
ment fails in a substantial proportion. These
''non-responsive" patients have a significantly
high mortality rate67 and may therefore be

candidates for emergency angioplasty or
coronary artery bypass surgery. We need early
reliable indicators to distinguish between
patients who will respond favourably to
thrombolytic treatment and those who will
not.

Coronary angiography immediately after
treatment is the most accurate way to
document coronary artery patency. However,
only a few medical centres can provide timely
angiographic evidence of reperfusion for each
patient with myocardial infarction. Although
resolution of pain and of ST segment eleva-
tion have been proposed as markers of
myocardial reperfusion,"'0 it was recently
argued that these markers are inadequate in
predicting recanalisation of the infarct artery
after thrombolytic treatment." 12
The purpose of the Israeli Study of Early

Intervention in Myocardial Infarction was to
identify possible correlates of clinical outcome
in patients with acute myocardial infarction
after treatment with alteplase (recombinant
tissue-type plasminogen activator (rt-PA)).
Intravenous alteplase was given to 289
patients with acute myocardial infarction. The
end points included evaluation of left ven-
tricular function, morbidity, and mortality.
This report describes the value of rapid
resolution of ST segment elevations as an
early clinical predictor of patient outcome.

Patients and methods
PATIENTS
The Sheba and Tel Aviv Medical Centres
together have more than 2000 beds for acute
cases. Both are regional hospitals serving a
defined population of over one million. In
October 1986 a collaborative study was started
to examine the clinical outcome of patients
with- acute myocardial infarction undergoing
early thrombolysis with alteplase and delayed
coronary angiography. Patients were recruited
via the emergency ward and by the mobile
intensive care teams. The study protocol was
approved by both institutional committees on
human research and all participating patients
gave their informed consent.
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The entry criteria were age < 73 years,
severe chest pain for >30 minutes (but no
longer than four hours), ST segment elevation
of 01 mV in at least two contiguous elec-
trocardiographic leads, no left bundle branch
block on the qualifying entry electrocar-
diogram, no congestive heart failure before
admission, no history of cardiac surgery, dias-
tolic blood pressure < 120 mm Hg, no history
of terminal illness, no bleeding predisposition
(that is, oral anticoagulant treatment, recent
trauma, past bleeding history, or cerebrovas-
cular accident during the past six months).

THROMBOLYTIC REGIMEN
A total dose of 120 mg alteplase (GI 1035,
supplied by Boehringer Ingelheim, West Ger-
many) was given during a 6 hour infusion that
consistgd of a 10 mg bolus followed by a
continuous infusion of 50 mg during the first
hour, 20 mg in the second hour, and 10 mg
during each of the following four hours.

Concomitantly, a bolus of 5000 IU of
heparin was infused followed by 25 000 IU per
24 hours. The dose was adjusted to keep the
activated partial thromboplastin time 1-5 to 2
times the baseline. Heparin infusion was con-
tinued for at least five days except when
patients underwent a successful coronary
angioplasty (then heparin treatment was stop-
ped after 24 hours); bled, or were referred for
urgent (before discharge) coronary bypass sur-
gery (then heparin was continued until opera-
tion). Aspirin (250 mg) was given daily after the
first 24 hours and continued during the follow
up. Conventional antianginal and anticonges-
tive treatment was used as needed. All patients
were treated prophylactically with 2 g of
intravenous lignocaine for the first 24 hours.

CORONARY ANGIOGRAPHY AND PERCUTANEOUS
TRANSLUMINAL CORONARY ANGIOPLASTY
All patients underwent coronary angiography
72 hours after treatment began unless because
of their clinical condition they needed earlier
catheterisation. Five patients died before
coronary angiography could be done, and in
four patients coronary angiography was not
performed because of unstable haemodynamic
function. Patients with a reduction of > 50% in
the luminal diameter of the infarct-related
artery had angioplasty during the same session
unless the infarct artery was a small branch and
not important; when the lesion was regarded as
unsuitable for angioplasty; or if they were
referred for coronary bypass surgery because of
three vessel coronary disease, or left main or
left main equivalent disease. The clinical res-
ponse to the thrombolytic treatment (ST
resolution as specified below), was not a factor
in the decision to perform mechanical revas-
cularisation.
The patency of the coronary arteries was

evaluated at each laboratory by a consensus
reading of all angiograms by two angiographers
who were unaware of the patient's clinical
course except for the site of the infarction
shown on the electrocardiogram. The severity
of coronary artery disease was determined by
visual assessment of the reduction in luminal

diameter (percentage stenosis) and the Throm-
bolysis in Myocardial Infarction Trial
(TIMI)'3 gradings of perfusion of each coron-
ary artery and its major branches. The success
of angioplasty was evaluated visually and
improvement was defined as a reduction in
lumen stenosis > 200% and a final lumen sten-
osis of < 60%.

LEFT VENTRICULAR FUNCTION
During hospital stay each patient underwent
three radionuclide studies to assess left ven-
tricular function: the first as soon as possible
after admission, but not later than 48 hours
(mean (SD) time 22 (17) hours), the second
immediately before the 72 hour coronary cath-
eterisation, and the third at discharge.

Radionuclide studies were done with an
Elscint Apex 415 digital gamma camera in the
nuclear cardiology laboratories next to the
coronary care unit. A multigated equilibrium
blood scan was done in the anterior and 450 left
anterior oblique projection with red blood cells
labelled in vivo with 99Tc (20 to 25 mCi). The
left ventricular ejection fraction was measured
in the 45° left anterior oblique projection. A left
ventricular time activity curve correlated to
background was used to calculate the global
ejection fraction semiautomatically. All radio-
nuclide examinations and the left ventricular
ejection fraction were assessed by the same two
experienced cardiologists who were unaware of
the clinical course of the patients examined.
For purpose of analysis, the left ventricular
ejection fraction at discharge was considered to
be zero for the four patients who died before
discharge.

PATIENT EVALUATION
All patients stayed in the coronary care unit for
at least 24 hours. Patients scored their level of
pain from 1 to 10 with the pain level before
treatment defined as 10. Significant relief of
pain was defined as a reduction of at least 50%
within one hour after the start of alteplase
infusion. Serial 12 lead electrocardiogram trac-
ings were obtained every three hours during
the first 24 hours and at least once daily
thereafter until discharge. In addition, a 12 lead
electrocardiogram was obtained every 15-30
minutes during the first two hours oftreatment
or until the ST segment elevation was resolved.
Blood samples for creatine kinase were collec-
ted every three hours during the first 24 hours.
The creatine kinase MB isoenzyme fraction
was calculated from the sample in which the
creatine kinase concentration was highest.
After discharge, patients had follow up clinic
visits at 2, 6, and 12 months and once annually
thereafter. Surviving patients completed a one
year follow up.

CLINICAL DEFINITIONS
Infarction.-The diagnosis of myocardial
infarction was based on the occurrence of
ischaemic chest pain lasting > 30 minutes and
accompanied by ST segment elevation of at
least 0-1 mV in two contiguous electrocar-
diographic leads, followed by either an increase
in the serum concentration of the creatine
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kinase MB fraction of > 5%, or the appearance
of new Q waves not present on the initial
electrocardiogram. Abnormal Q waves were
those lasting 0 03, at least 4 mm deep, and
> 250% of the height of the ensuing R wave all
in leads other than aVR or V1.

Rapid resolution ofST segment elevation.-As in
earlier reports,'3 we calculated the sum of ST
segment elevations (Z ST) on the electrocar-
diograms recorded at admission and 1 hour
after treatment. Electrocardiograms were
evaluated within the first 24 hours after admis-
sion by two independent observers, one from
the coronary care unit treating the patient and
one observer who was not involved in the care
of these patients. In cases of disagreement, a
third opinion was sought. Resolution of ST
segment elevation was defined as a decrease of
at least 50% of the baseline £ ST elevation.

Patency.-A TIMI grade of 2 or 3 signified
patency of the infarct related coronary artery.
Occlusion of the infarct-related artery was
defined as TIMI grade 0 or 1."

Clinical prognostic groups.-Patients were
categorised as having a first infarction in the
anterior or inferior wall or a history of infarc-
tion irrespective of the location of the current
infarction.

STATISTICAL ANALYSIS
Group data are expressed as mean (SD) for
continuous variables or as rates (percentage)
for categorical variables. For continuous vari-
ables we used the Mann-Whitney rank sum test
for univariate comparisons of differences be-
tween patients with and without rapid resolu-
tion ofZ ST because the variance in some of the
variables was unequal. For categorical vari-
ables, we used the x2 or, when appropriate,
Fisher's exact test for 2 x 2 tables. Logistic
regression analysis (Biomedical Computer
Programs, University of California, Berkley
CA-BMDP program LR) was performed wth
rates of each of the following six outcomes as
the dependent variable: immediately abnormal
(< 50% ejection fraction) left ventricular func-
tion, abnormal left ventricular function at dis-
charge, congestive heart failure at discharge, Q
wave infarction, angiographic occlusion of the
coronary artery, and mortality.
The effect of the following independent risk

Table I Baseline characteristics ofpatients with rapid ST elevation and without

Rapid reduction Persistent elevation
of ST elevation of ST elevation

Characteristic n = 189 (100%) n= 97 (100%0) p Value

Male (",, 160-0 (84 7) 830 (83-0) 0-97
Age (mean (SD)) 56-6 (9-5) 58 6 (8 9) 009
Anterior infarction (" 680 (36 0) 44 0 (45 4)
Inferior infarction (",) 97-0 (51-3) 28-0 (28 9) 0-05
Previous infarction (%o) 24-0 (12 4) 25 0 (25-7) J
Single vessel disease (",,)* 87 0 (46 0) 41 0 (42 3) 0 94
Mean (SD) systolic BP 125 7 (22 1) 127-2 (28 2) 0 94
Mean (SD) time to treatment (min) 123 7 (51 2) 112 4 (43 6) 0-053t

*Excluding five patients who died before coronary angiography was performed and two patients
who did not have coronary angiography because their haemodynamic condition was unstable.
BP, blood pressure.
tANOVA test for unequal variances.

variables related to Z ST change on the out-
come variables was analysed: persistent ST
elevation (<5000 reduction in Z ST) for at
least one hour after treatment began, Z ST at
admission, Z ST one hour after the start of
treatment, and the ratio of the two Z ST values
as continuous variables. Additional indepen-
dent risk variables were: persistence of chest
pain for at least one hour after the start of
treatment, number of diseased coronary ves-
sels, clinical prognostic group, age, sex, and
smoking. The independent risk ratios (with
9500 confidence intervals) associated with each
of the independent variables were derived from
the logistic coefficients.

Results
PATIENTS' BASELINE DATA
Two hundred and eighty six patients were
eligible for thrombolytic treatment. Of these,
169 were admitted via the emergency ward and
117 patients were brought in by the mobile
intensive care units. The mean (SD) time from
onset of symptoms to treatment was 2 0 (0 6)
hours.
Table 1 shows the demographic and clinical

characteristics of patients at entry. In 189
patients (66.0%) we saw rapid resolution of ST
segment elevation, whereas in 97 patients
(33-90o) ST segment elevation persisted des-
pite an hour of alteplase infusion. The two
groups were generally comparable. In the
group of patients with rapid resolution of ST
elevation, however, anterior wall infarction was
less common, previous infarction was more
common, and the time from onset ofsymptoms
to the start of treatment was longer (124 (51) v
112 (44) min respectively, p = 0-053). In the
patients with anterior wall infarction with rapid
resolution of ST elevation and in those with-
out, baseline Z ST elevation was 18-3 (9-4) and
22 3 (12-8) respectively (p = NS). In those
with inferior wall infarction, baseline Z ST
elevation was 8-4 (4 2) in those with rapid
resolution of ST elevation and 10-5 (6-8) in
those without (p = NS). The baseline £ ST
elevation in patients with previous infarction
was similar in patients with rapid resolution of
ST elevation and those without (11-8 (5 5) v
15-3 (9 9), p = NS).

In 10 patients the initial clinical picture of
myocardial infarction was not confirmed by an
increase in the activity of the MB isoenzyme
fraction of creatine kinase or the development
of new Q waves on their electrocardiograms.
All 10 patients showed rapid resolution of ST
elevation. We present the results for the total
group, because exclusion of these patients from
analysis did not affect the differences between
the patients with rapid ST resolution and the
patients with persistent ST elevation.

PAIN RESOLUTION
Pain resolved quickly in 153 (85 9%) of 178
patients with rapid resolution of ST elevation
and in only 21 (22-3%) of 94 patients with
persistent ST elevation (the change in pain was
not recorded in 11 patients with rapid ST
resolution and in three patients with persistent
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ST elevation) (p < 0 0001). The outcome of
the 25 patients with rapid resolution of ST
elevation but no pain resolution resembled that
in the 153 patients who had resolution of both
pain and ST segment elevation. The 21
patients with abrupt pain relief but no ST
resolution resembled the 73 patients with per-
sistent pain and ST elevation (data not shown).
Consequently, data are categorised by the
presence or absence of rapid resolution of ST
segment elevation, irrespective of pain resolu-
tion.

MYOCARDIAL ENZYME KINETICS
Rapid resolution of ST elevation was
associated with significant limitation of infarct
size as reflected by a smaller creatine kinase
peak (fig 1) and total release of creatine kinase
over the first 24 hours (sum of all samples
measured as area under the curve) (table 2).
Total 24 hour creatine kinase release was

significantly lower in patients with rapid
resolution of ST elevation in all prognostic
clinical groups than in patients with persistent
ST elevation (table 2).

LEFT VENTRICULAR FUNCTION
Patients with rapid ST resolution and those
without differed markedly in the preservation
of their left ventricular function. Both the
proportion of patients whose left ventricular
ejection fraction was normal immediately after
admission (> 50%,) and at discharge (fig 2) and
the mean ejection fraction (table 3) were sig-
nificant higher in the group with rapid resolu-
tion of ST elevation. This difference was more
prominent in the patients with anterior wall
infarction than in those with inferior wall
infarction or old infarction. However, left ven-
tricular function at admission and at discharge
was better in patients with inferior wall infarc-

Figure 1 Peak serum
concentration of creatine
kinase during thefirst 24
hours in patients with
rapid resolution of ST
elevation and without.

40 r Persistent ST elevation

30tnkinase-1 Rapid ST resolution

0.

CH

Creatine kinase peak (IU)

Table 2 Total release of creatine kinase in 24 h in patients with rapid reduction of ST
segment elevation and without

Rapid reduction ofST elevation

Yes No

Patient group nt IU (SD) nt IU (SD) p Value*

Total 173 5248 (4265) 84 10 553 (7762) <0-0001
Anterior infarction 65 6014 (4790) 37 13 408 (9441) <0-0001
Inferior infarction 88 4939 (3973) 25 7691 (4382) 0-0002
Previous infarction 20 4118(3354) 22 9002 (6062) 0-0015

*Mann-Whimey rank sum test.
tExcluding 16 of 189 patients with rapid reduction of ST elevation and 13 of the 97 patients
with persistent ST elevation. In these 29 patients incomplete sampling prevented calculation of
the total release of creatine kinase.

tion than in the other two groups. The mean
left ventricular ejection fraction determined by
ventriculography during cardiac catheterisa-
tion on the third day after admission was also
significantly higher in the patients with rapid
ST resolution (59 (13) v 49 (13), p < 0 0001).

CLINICAL OUTCOME
The proportion of patients who underwent
mechanical revascularisation procedures was
similar in patients with rapid resolution of ST
elevation and in those without. Thus of the 189
patients with rapid resolution of ST elevation,
124 (65 6%) had angioplasty or bypass
procedures, and 52 (53-6%) of the 97 patients
with persistent ST elevation underwent
mechanical revascularisation.
Coronary angiography was performed 4 0

(1 -7) and 4 1 (2 1) days respectively after enrol-
ment of the patients with rapid ST resolution
and the patients with persistent ST elevation.
Coronary angioplasty was performed 4-7 (1-4)
and 3-8 (2 0) days respectively after enrolment
in the patients with rapid ST resolution and the
patients with persistent ST elevation (p =
NS). In both groups, about a quarter of the
coronary interventions were performed within
the first 72 hours. Coronary angioplasty was
successful in 96% ofthe patients with rapid ST
resolution and 94% of the patients with persis-
tent ST elevation.
At discharge, patiernts with rapid resolution

of ST elevation had a better outcome in terms
of a significantly lower incidence of congestive
heart failure (defined as requirement for
digoxin or diuretics at discharge) and a higher
incidence of non-Q wave infarction (fig 2 and
table 4). This difference was more pronounced
in the patients with anterior infarctions.

MORTALITY
Thirteen patients (4 5%) died within 60 days of
infarction; eleven of these died in hospital
(3-8%). Patients with rapid resolution of ST
elevation had a lower 60 day mortality (3/189 v
10/97, p = 0-0015). Of the 10 patients with
persistent ST elevation, one patient with
anterior wall infarction died of ventricular
fibrillation 10 minutes after treatment began.
In the remaining nine patients (six with
anterior wall infarction and.three with inferior
infarction) cardiogenic shock developed, and in
two patients a ruptured myocardium was even-
tually found. Two of the three patients who
responded to the alteplase infusion with rapid
resolution of ST elevation had an anterior wall
infarction and the third had an inferior wall
infarction. In all three patients acute reinfarc-
tion with cardiogenic shock developed-in two
within hours of coronary angiography and
angioplasty.

Five additional patients died between 2 and
24 months after infarction (mean follow up
time of 24-3 (3 4) months). Three of these
patients originally did not show ST segment
resolution: two patients died two and three
months later of reinfarction and cardiogenic
shock and the third died three months later of
anaphylactic shock (non-cardiac death). Two
additional patients who initially responded
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Table 3 Left ventricular ejection fraction in patients with rapid reduction ofST
segment elevation and without

Rapid reduction ofST elevation

Yes No

Patient group n LVEF* (SD) n LVEF (SD) p Value*

Total population:
Immediate LVEF 165t 52 (13) 81t 41 (15) < 0-0001
Discharge LVEF 184t 55 (12) 86t 44 (14) <0-0001

Anterior wall infarction:
Immediate LVEF 53 46 (13) 37 33 (11) <0-0001
Discharge LVEF 66 53 (14) 40 39 (14) <0-0001

Inferior wall infarction:
Immediate LVEF 91 57 (10) 25 55 (11) 0 44
Discharge LVEF 96 58 (9) 26 53 (12) 0-052

Old infarction:
Immediate LVEF 21 46 (15) 19 38 (12) 0-09
Discharge LVEF 22 49 (16) 20 41 (11) 0-09

*Mann Whitney rank sum test.
tExcluding 40 immediate and 16 discharge radionuclide ventriculographies that were missing or
were not suitable for interpretation. The discharge LVEF was nominally 0 in the 11 patients
who died before discharge.
LVEF, left ventricular ejection fraction (°').

Table 4 Clinical outcome in patients with rapid reduction of ST elevation and without

Rapid reduction of ST segment elevation

Characteristic Yes(N)No (%) p Value

Congestive heart failure:
Total population 8/189 (4-2) 18/97 (18-5) <0-001
Anterior infarction 3/68 (4-4) 8/44 (16 6) 0-017
Inferior infarction 2/97 (2-0) 2/28 (7-1) 0-21
Previous infarction 3/24 (12-5) 8/25 (32-0) 0-10

Non-Q wave infarction:
Total population* 54/189 (28-6) 8/96 (8-3) <0-001
Anterior infarction 24/68 (35-3) 1/43 (2-3) <0-0001
Inferior infarction 25/97 (25-8) 5/28 (17-9) 0-54
Previous infarction 5/24 (20-8) 2/25 (8-0) 0-19

*Excluding one patient who died within 10 minutes of the start of treatment and in whom Q
wave infarction did not develop.

Figure 3 Cumulative
mortality (0) ofpatients
with rapid resolution of
ST elevation and without.

0

.@

14-

12-

10-

8-

6-

4

0 i 2 3 5 6 8
Time (months)

with rapid resolution of pain and ST segment
elevation died: one in the third month of a
ruptured septic aortic aneurysm and the other
after eight months ofhepatic malignancy. Thus
overall mortality among the 97 patients with
persistent ST elevation was higher than that in
the 189 patients with rapid resolution of ST
elevation (13 4% v 2 6%, p < 0 0007) (fig 3).

CLINICAL MARKERS AND ANGIOGRAPHIC PATENCY
Table 5 shows the correlation between the
clinical response to thrombolytic treatment and
patency of the infarct artery during coronary
angiography after three days. At that time the
patency rate of the infarct artery was higher in
patients with rapid resolution of ST elevation
(8666%ov76&1%, p = 004).

In contrast with the strong association bet-
ween a favourable clinical outcome and rapid
resolution of ST segment elevation, the
patency of the infarct artery at 72 hours was not
associated with less creatine kinase release,
preservation of left ventricular function, or
lower morbidity after alteplase thrombolysis
(table 6). Total mortality among angiogra-
phically assessed patients was lower in those
with a patent infarct artery (eight of 231 v 5 of
46, p = 0-01). Even when the five deaths in
patients who did not survive to angiography
were included, persistent ST elevation was
more common than occlusion of the infarct
artery among patients who died (13 patients
with persistent ST elevation compared with
five patients with an occluded infarct artery
among 18 who died).

MULTIVARIATE ANALYSIS OF FACTORS AFFECTING
THE CLINICAL OUTCOME VARIABLES
Preliminary logistic regression analysis
indicated that there were four measures related
to the change in the ST elevation after treat-
ment-that is, the continuous variables Z ST at
admission; Z ST one hour after treatment
initiation; ratio of this value to the admission Z
ST; or the categorical definition of < 50%0
reduction ofZ ST from admission level (persis-
tent ST elevation)-but only the last variable
was strongly associated with all outcome vari-
ables and excluded the other three variables
from the model. Consequently, the final
analysis was done with persistent Z ST eleva-
tion alone.
The analysis evaluated the effect of each risk

variable on each of the outcome variables after
its association with other risk variables is taken

Table 5 Patency rate (%) of the infarct related artery
at 72 hour coronary angiography and presence of rapid
reduction ofST elevation according to site of infarction

Rapid reduction ofST
segment elevation

Yes No p Value

Total population* 86-6 76-1 0-043
Anterior infarction 93-9 80-5 0-035
Inferior infarction 81-4 85-7 0-41
Previous infarction 86-9 55-5 0-0224t

*Excluding five patients who died before coronary
angiography And four patients in whom coronary angiography
could not be performed because they were haemodynamically
unstable.
tFisher's exact test.

Figure 2 Clinical
outcome in patients with
rapid resolution of ST
elevation and without.
L VEF, left ventricular
ejection fraction; CHF,
congestive heart failure.

0 Rapid ST resolution
9 Persistent ST elevation

I
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Table 6 Clinical outcome in patients with a patent and an occluded infarct artery

Infarct artery patent Infarct artery occluded

n Units (SD) n Units (SD) p Value

Creatine kinase peak (IU) 231 1260 (1271) 46 1231 (1068) 0 88
Creatine kinase AUC* 212 6890 (6294) 40 6816 (4997) 0 94
Immediate LVEF (%) 202 48 (14) 42 48 (15) 0-98
Discharge LVEF (%) 225 52 (14) 41 50 (12) 0-34

Congestive failure (%) 13/230 (5 6) 5/45 (11 1) 0 15
Non-Q wave infarction (%) 54/231 (23 4) 9/46 (19-6) 0-71
Total mortality (%) 8/231 (3-4) 5/46t (10-8) <0-051
*AUC, area under the curve representing the total release of creatine kinase during the first 24 hours after admission.
tExcluding five patients who died before coronary angiography.
$Fisher's exact test.
LVEF, left ventricular ejection fraction.

into account. For instance, the group with
rapid resolution of ST segment elevation con-
tained a greater proportion of patients with
inferior wall infarction, which is itself
associated with a more favourable outcome.
Multivariate analysis gave a net risk ratio
(relative risk of the group with rapid ST
resolution and those without) for each out-
come, which took into account the effect of the
initial advantage. This analysis indicated that
after accounting for all other risk variables,
persistent ST elevation was associated with an
independent, highly significant increased risk
of all outcome variables, including infarct
artery occlusion rate. It is noteworthy that
abrupt resolution of pain had no independent
predictive value for any of the outcome varia-
bles. Also, the value of the admission £ ST had
no additional independent predictive value for
clinical outcome.

Factors that had additional prognostic effect
on left ventricular function included the clin-
ical prognostic group, presence of three vessel
coronary artery disease, age, and sex. Factors
affecting congestive heart failure included clin-
ical prognostic groups and age. In addition to
rapid resolution of ST elevation, only the
patient's prognostic group was predictive of
mortality.

Discussion
The most conclusive evidence of reperfusion is
the angiographic demonstration of recanalisa-
tion of an infarct related artery shown to be
occluded during pre-treatment coronary
angiography. However, to minimise the delay
before treatment and to conserve costs most
current thrombolytic protocols no longer
include pre-treatment catheterisations.' '8 Our
medical centres, like many others, cannot
routinely support immediate coronary
angiography for all patients treated by throm-
bolysis. Moreover, recent results of the TIMI
phase II,16 TAMI (Thrombolysis and Angio-
plasty in Myocardial Infarction),'7 and the
European Cooperative'8 trials suggest that after
successful thrombolysis, immediate coronary
angiography and angioplasty may not be neces-
sary. When post-thrombolytic coronary
angiography is deferred for a few days, the
patency rate reflects both the spontaneous and
the (pharmacologically) induced coronary
thrombolysis. Thuswithout early angiographic
evidence of reperfusion, we are left with its

clinical surrogates to identify patients with an
unfavourable prognosis.
Our data indicate that the rapid resolution of

ST segment elevation was significantly
associated with a more favourable clinical out-
come. In part, this more favourable outcome
may have been related to the better baseline
clinical characteristics in this group. However,
even after the effect of this initial advantage was
accounted for by multivariate analysis, this
early clinical sign of reperfusion was significan-
tly associated with a smaller infarct, as eviden-
ced by a smaller release of creatine kinase,
better preservation of left ventricular function,
and significantly lower morbidity and mor-
tality. Moreover, resolution of ST segment
elevation was a better predictor of clinical
outcome, including mortality, than was the
patency rate determined by coronary angiogra-
phy three days after admission (table 6). Mul-
tivariate analysis showed that the better out-
come in the patients with rapid ST resolution
was independent of their better baseline status
(that is the lower rate of old or anterior wall
infarctions or both as well as the initially lower
2 ST). Our analysis indicates that the
categorical variable of 5000 resolution from the
initial £ ST elevation to the one hour £ ST
value was also superior to the change in Z ST as
a continuous variable.
These findings are consistent with those of

the open-label phase of the TIMI Trial in
which a decline in ST elevation from entry to
two hours correlated with better left ven-
tricular function in patients with acute myocar-
dial infarction treated by thrombolysis. 9 ST
segment elevation resolved more rapidly in
patients treated with streptokinase than in the
control group.'320 Also, ST segment elevation
decreased significantly within one and three
hours after treatment in patients with confir-
med angiographic reperfusion.'4 2' 22

Despite this evidence, it was recently argued
that clinical markers of reperfusion were
inadequate predictors of early recanalisation of
the infarct artery after thrombolytic treat-
ment." In our patients, rapid resolution of ST
elevation was associated with a higher patency
rate in the infarct-related artery three days after
treatment began. The difference in the patency
rate between the two patient groups, though
significant, was small (86-7 v 76.90%). In view of
this small difference in patency between the
two groups, how could resolution of ST eleva-
tions predict the clinical outcome of our
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ST resolution after thrombolysis

patients who were treated with thrombolysis?
Moreover, how can the high patency rate in the
group with persistent ST elevation be recon-
ciled with their unfavourable outcome?

It could have been argued that angiography
72 hours after thrombolysis does not reflect the
patency rate when alteplase infusion ended and
that in patients with persistent ST elevation an
earlier angiography would have detected lower
patency rates. However, the patency rate
(760o) we saw (at 72 hours) in patients with
persistent ST elevation was significantly higher
than the 4000 rate reported in patients with a
three day old myocardial infarction who were
not treated by thrombolysis.2" Thus coronary
thrombolysis was successful in a substantial
proportion of our patients with persistent ST
elevation. But perhaps reperfusion was more
effective in patients with rapid ST resolution
than in those with persistent ST elevation. The
effectiveness of the reperfusion may have been
influenced by additional factors such as the
existence of subtotal coronary occlusion or
good collateral circulation, the rate and
promptness of coronary artery recanalisation,
and the residual stenosis in the infarct artery.
Thus rapid resolution of ST segment eleva-

tion may indicate a more effective reperfusion
leading to a better clinical outcome. This
possibility is supported by the fact that in the
multivariate analysis rapid resolution of ST
segment elevation was associated with a sig-
nificantly favourable outcome with respect to
all outcome variables after the effect of all
baseline variables was accounted for. When ST
segment elevation persisted despite one hour of
alteplase thrombolysis, reperfusion was prob-
ably less effective even when angiographic
patency was eventually seen. Because mechan-
ical revascularisation procedures were perfor-
med to a similar extent in both groups, this
factor could not have accounted for the better
outcome of patients with rapid resolution ofST
elevation.
Abrupt resolution of pain, though it was

much more common among patients with rapid
ST resolution, did not have any additional
predictive power when combined with rapid
resolution of ST elevation. However, as a sign
of reperfusion, pain resolution is not very
specific, partly because of the use of analgesics.
Nevertheless, the outcome in patients with
rapid resolution of ST elevation but persistent
ischaemic pain was similar to that in patients
with resolution of both pain and ST elevation.
As a general strategy, immediate post-

thrombolytic coronary angiography has
profound practical limitations. Round-the-
clock catheterisation laboratories are available
in only a few medical centres. So after throm-
bolytic treatment in myocardial infarction
there is a need for early, bedside, clinical
measures to evaluate patients' response to
treatment. Despite the strong association of
rapid ST resolution with a more favourable
outcome, it is limited in the identification of
high risk patients who may need more vigorous
treatment. This was shown by the finding that
among patients with depressed left ventricular
function, congestive heart failure, or Q wave
infarction, > 50%' still had rapid resolution of
ST elevation.

While rapid resolution of ST elevation may
be a less effective indicator for the individual
patient it is still a predictor of a better outcome
and in patients treated by thrombolysis it can
be used as a measure of the effectiveness of
treatment in different subgroups.
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