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The Entravenous Streptokinase in Acute Myocardial Infarction
(1.8.A.M.) trial was a orospective, placebo-controlled, double-
btind multicenter trial of high-dose short-term intravenous strep-

fraction was higher within the infarct zone as well as in remote
myocardium throughout the follow-up period. Among patients
with inferior infarction, no signlficant differences between the

tokinase in acute myocardial i within 6 h
efter the onset of symptoms. Global and regional left ventricular
ejection fractions were determined by radionuclide ventricalogra-
phy in a subset of 120 patients 3 days, 4 weeks, 7 months, 18
months and 3 years after acute myocard'al infarction.

In patients with anferior myocardial infarction, left ventricular
election fraction was higher in the streptokinase than in the
placebo group 3 days alter acute infarction (49 £ 14% vs. 40 £
1%, p = 0.02), This difference of about 10% units in ejection
fraction persisted during the 3 year follow-up period. Among
streptokinase-treated patients, regional left veniricular ejection

and control groups were demonstrable with respect to
global and reglonal left venmcnlnr ejection fraction.

Thus, | of within 6 h
after the onset of symptorrs of acute myocardial infarction pre.
serves left ventricular f: .ction over a period of =3 years in
patients with acute anterior my ]
regional myocardial function within the infarct zone as well asin
remole areas. In patients with acute inferior myocardial infarc-
tion, benefit from intr: -enous streptokinase is of only minor
degres,

(1 Am Coll Cardiol 1991,18:1610-6)

Acute myocardial infarction is mostly caused by a throm-
botic occlusion of a coronary arlery i1.2). Argiographic
studics demonstrated that intravenous streptokinase can
reopen coronary arteries nceluded by a thron bus {3.4).
Intravenous administration of streptokinase is e 2refore an
cffcctive way lo salvage jeopardized myocardium and to
limit infarct size (3.4). Accordingly, large placebo-controlled
trials (5-7) comparing the effects of intravenous streptoki-
nasc with convenlional treatment demonstrated a reduction
in mortality, especially in patients with anterior myocardial
infarction. Left ventricular function is a powerful predictor

patients from the Intravenous Streptokinase in Acute Myo-
cardial Infarction (1.S.A.M.) trial.

Metheds
Sludy patients, The [.5.A.M. trial was a prospecnve.
lled. double-blind multi trial i

mg the effects of high duse sh0|1~lenn intravenous streptoki-
nasc in acute my i ion versus with
heparin and aspirin only {14). The primary study end point
was a comparison of mortality 21 days afier infarction in

of long-term prognosis afler myocardial inf; 8-100.
Previous studies (11-13) of intravenous sireptokinase as-
sessed left ventricular function only within the st year afler
acute myocardial infarction,

In the present study we determined global and regional
left veniricular function by vadienuclide ventriculography up
10 3 years after acute myocardial infarction in a subset of

streptokinase- and placebo-treated patients. From March
1982 to March 1985. 1,741 subjects aged up to 75 years
participated. The study design bas been published in detail
elsewhere (14). In brict. patients were included if they could
be treated with the study medication within 6 h after the
onset of acute myocardial infarction and had no indi
cation to streptokinase therapy. Criteria for evolving ccute
myocard:al infarction weie typical clinical sympioms with
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ST scgment elevations 21 mm in the
limb leads dnd =2 mm in the chest leads, or both. informed
consent was obtained from all patients included. The study
was approved by an independent ethical and review com-
mittee.

After randomization, heparin (5,000 1), aspirin (0.5 g)
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and methylprednisolone (0.25 g) were given intravenously.
followed by administration of the study medication. a 60 min
infusion of 1.5 million [U of streptokinase or placebo.
Treatment was continued with heparin {800 to 1.000 1U. 1)
for 3 to 4 days followed by phenprocoumon for =3 weeks.

[n all patients, blood samples were drawn every 2 h for
the 1Ist 30 h and every 4 h for the next 20 h 1o determine

atine kinase myocardial isoenzyme levels (14). Time-
activity curves of creatine kinase were evaluated concerning
time to peak activity afler the start of treatment to estimate
maintenance or early restoration of coronary blood flow. By
comparing enzyme release data (14) and angiographically
documented rates of reperfusion (1.3.4), a threshold vaiuz of
<11 hours from the start of treatment to peak activity of
creatine kinase was chosen as an indicator of maintenance or
carly restoration of coronary blood flow.

Radionuclide ventriculography. In the subset of 120 pa-
tients initially treated al our institution, left ventricular
function was assessed by gated equilibrium radionuclide
ventricrlography 3 days. 4 weeks. 7 months, I8 months and
3 years after acute myacardial wfarciion. Radionuclide
ventriculography was performed after in vivo labeling of
autologous red blood cells with 740 MBq (20 mCi) of
technetium-99m (15) by using a small ficld of view Aager
camera with a low energy all-purpose parallel hole collimator
and a dedicated computer system (IMAC 7300. CGR Koch
& Sterzel). Data acquisition was performed in anterior and
“best septal™ left anterior oblique projections. Each acqui-
sition (5 to 10 min.) consisted of 16 frames spuntiing 90%¢ of
the cardiac cycles. Global left ventricular ejection fraction
was calculated with a semiautomatic program based on the
isocount-line cancept using end-diastolic and end-systolic
regions of interest and a left posteroapical region of interest
for background correction (16.17). Regional left veniricular
ejection fraction was caiculated by dividing end-diastolic and
end-systolic regions of interest into angular sectors of 457
each (121N, Anterolaleral, apical an. inferior walls (five
seclors) were aralyzed in anterior prejection, and septal.
apical and posterolateral walls (zight sectors) in left anterior
oblique projection. Normal values and data concerning
accuracy and repruducibility of these metbods have been
published in detail clsewhere (16.17).

Statistical analysis. Data urce presented as meun values =
SD. Contingency tables were evaluated with use ot chi-
square analysis. ordered variables by the Mann-Whitney
two sample rank test. Multiple comparisons for intraindivid-
ual analysis of ¢jection fraction data were performed accord-
ing to the distribution-free technique of Wilcoxon and
Wilcox (18). Two-sided probability values are reported.

Results

Clinical characteristies (Table 1. Of the 120 patients
included in the present study. 60 had been assigned o the
streptokinase and 60 to the placebo group. The distribution
of selected characteristies at baseline. during the 4 week
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Table 1. Distribution of Selected Characteristics at Baseline.
During the 4 Week Hospital Period and During the Follow-Lip
Period tfrom hospital discharge to 3 yearsy

Strepiokinase  Plucebo
= 60 =600 Vale
Bueling
Mule ke 83T NS
Mean age (41 599 6 NS
Previous infarction 0% 137 NS
Mean ime to teeatment (miny 1 151 NS
Inkisct Locicron
Anterior 47 477 NS
Intenor 53 ke
Time to CK MB pe.k activity
Cafler art of treatment)
Z1Th 53 e
fhh o] e
Undefined® 1567 g 0005
Na data ¥ N
Eatent ot CAD
Trewel N Elig
PETR 28 R
ERTRVN 25 177 NS
Ne angwgraphy 1% T
Hospital period
Renfarcion 3 b NS
CABG B N§
Corvnary angoplinty i NS
Deach 7 NS§
Foilow-up perud
Remfarctien % NS
CABG i NS
Curonary angroplasty i NS
Death 1’« N3
N raduonuetude seniculogeapie, e NS

“no Ch MB cure o mo clear CK MB peak. CABG = aontocoronary
Pypass sorgery, CAD = coramary artery diseane. CK MB = myocardial
wuersye of creatine inase: NS = p > .10,

hospital perivd and during the 3 year follow-up period is
presented in Tabie 1. With the exception of time fram the
start of treatment to peak creatine kinase activity, bascline
charucteristics were distributed homogeneousiy between the
two groups. Further analysis based on the partitioning of
chi-square contingency tables revealed that the inhomoge-
neity in lime to peak activity of creatine kinase must be
attributed 1o the higher frequency of early reperfusion in the
streptokinase group compared with the placebo group (lime
to peak aclivity of creatine kinase <11k vs. >11 haafter the
start of treatment, p = 0.002). During the 4 week hospital
period and during the 3 year follow-up period, the frequency
of reinfarction. coronary bypass surgery and coronary an-
gioplasty was low in both groups and did not differ between
groups.

Global left ventricolar function (Table 2). Three days
after acule myocardial infarction, left ventricular ejection
fraction was reduced in both the sireptokinase and the
placebo groups (p < 0.061. respectively) compared with
normal values from our laboraory (63 = 597}, For the total
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Table 2. Left Ventricular Ejection Fraction From 3 Days to 3
Years After Acute Myocardial Infurction in Streptokinase- and
Placebo-Treated Pitients

Streptokinase Placebo
0. LVEF (') no LY F) pVahe

Total proup

3 days 46 54202 5§ LRk 0.04

4wk 4 §5= 13 53 47=15 0.007

7mo K} 5z 14 58 SHxl6 0.03

®mo 51 BT 52 NUENT) 0.10

3yr a6 S=12 50 49 =8 0.07
Patients with AMI

3 days 20 % =1 0.02

4wk 19 k23 EEN 0.008

7 mo 2 % 2217 0.03

18 mo 2 24 41z i3 0.04

Iyr 21 n 40+ 15 0.01
Patients with [MI

3 duys 2% B0 30 5%6+8 N§

4wk 2 RER h 53=143 NS

7 mo 29 60+ 13 » 56 = 12 NS

18 mo il 913 n® S NS

yr 2 EUEN 2% UESH N§
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Figure 1, Left ventricular function (mean values = SEM) from 3
days up 1o 3 years after acute myocardial infarction in 35 streptoki-
nase- and 40 placebo-treated patients. The dala dlsplayed are only
from patients with complete folk p (five

tions of it ventricular ejection fraction ILVEF]).

or. |n the early studies (3 days, 4 weeks), hemodynamic

AME and IMI = anterior and inferior myocurdial infarction. respectively:
LVEF = left ventricular ejection fraction; NS = p > 0.10.

group, a difference of 6% ejection fraction units (p = 0.04)
was observed between streptokinasc-treated and control
paticnts. When the two groups were subdivided on the basis
of infarct location, left ventricular ejection fraction was
higher in the streptokinase group only in patients wilh
anterior ryocardial infarction (p = 0.02). In both treatment
groups, especially in the placebo group, left ventricular
gjection fraction was lower in patients with anterior than in
those with inferior infarction (p = 0.03 streptokinase. p <
0.001 placebo group).

Results similar to those of the initial investigation were
ohtained in follow-up radionuclide ventriculography 4
weeks, 7 months, 18 months and 3 years after acute myo-
cardial infarction (Table 2). In all investigations, lefi ventric-
ular gjection fraction was between 5% te 8% units higher in
the streptokinase than in the placebo group. This difference
was predominantly caused by a respective difference of 9%
10 12% units in patients with anlerior myocardial infarction.
Amang patients with inferior myocardial infarctioa, differ-
ences between the treatment and control groups in all
investigations were only 0% to 4% units (p > 0.25).

In a subgroup of 75 patients (35 in the sireptokinase and
40 in the placebo group). all five radionuclide determinations
of left veniricular ejection fraction (i.c.. complete follow-up)
were available for the study of the development of left
veniricular function within individual patients. With the
exception of deaths (0%, p < 0.001), the characteristics
displayed in Table 1 did not differ berween this subgroup and
patients with incomplete follow-up. Aside from death, the
major reason for incomplete follow-up was patient refusal

y or bypass surgery. Ejection fraction
data from these 75 patients (Fig. 1) were consisient with
results of analysis of ejection fraction data from all patients
(Table 2). That is, there were differences in left ventricular
ejection fraction between the streptokinase and the placebo
group of 5% to 8% units (although these diffesences did not
reach statistical significance because of the smaller number
of patients in the latter group [0.05 < p < 0.25, respectively}}
and differences of 115 to 14% units (p < 0.02, respectively)
in patients with arterior myocardial infarction and no signif-
icant differences in patients with inferior myocardial infarc-
Jon.

of datz ob d 3 days up to
3 years after acute myocardial infarction revealed the highest
values of feft venlncular ejection fraction 7 months after
acute my dial i in both groups (Fig.
1). Whereas changes beiween the 5 determinations of left
ventricular ejeclion fraction did not reach statistical signifi-
cance in the streplokinase group (p > 0.10, respectively), left
ventricular ejection fraction increased in the placebo group
from 4 weeks to 7 months afier acute myocardial infarction
(p = £.02).

Regional left ventricular function (Fig, 2). In patients with
antetior myocardial infarction, regional left ventricular ejec-
tion fraction was reduced in most of the 13 sectors with
lower values in the placebo group during the 10%al follow-up
period. Compared with normal values, differences were
greatest in the apical wall and adjacent myocardium. Signif-
icant differences between the treatment and control groups
(p < 0.05) occurred in the infarct area as well as in remote
myocardium and were most prominent 4 weeks after acute
myocardial infarction (Fig. 2A). In palients with inferior
myocardial infarction, regional left ventricular ejection frac-
tion was decreased in both the stieptokinase and placebo
groups in apical and inferior walls as wel as in the adjacent




JACC Vol. 18, No. 7
December 1991:1610-6

1
Lo BO|
L4
=
E 60
<]
3] 40|
18
: 2 i
20 1 g
A1 F) g
1 2 3 & 5 1 2 3 4 5 & 7 8
ant.lat. ap, inf. aeptal apical post.lar.
A ANTERIOR VIEW LEFT ANTEATOR OBLIQUE VIEW
1
— 80|
o
=
& 89
i ao
20
ant.1at. ap. ¥nf. aeptal apical postlat.
B ANTERIOR VIEW LEFT ANTERIOR OBLIQUE VIEW

Figure 2. Regional Jeft ventricular ejection fraction (TLVEF) <
weeks after acute anterior (A} or inferior (B) myocardial infarction.
A, 19 streptokinase-treated (white bars) and 24 placebo-treated
{hatched bars) patients. B, 28 streptokinase-treated (white bars) and
29 placebo-treated (hatched bars) patients. Mean values * SEM are
shown. For comparison with normal values from our laberatory {17
the area encompassing = 1 standard dzviation of the normal values
is shown between the thin lines. * p < 0.01: = p < (.05 comparing
the streptokinase and placebo groups. antlat. = anterolateral.
ap. = apical; inf. = inferior: post.lat. = posterolateral.

parts of the uaterolateral and pasicrolateral walls (Fig. 2B}
Compared with patients with anterior myocardial inf:
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one sector {p = 0.03) and in the placebo group in 1wo sectors
(p = 0.001, respectively).

Discussion

Global teft ventricular function after streptokinase ther-
apy. The results of the present study using high dosc short-
ierm intravenous streptokinase within 6 h after the onset of
symptoms of acute myocardial infarction demonstrale a
benefit in left ventricular function caused by carly throm-
bolytic therapy. Three days after acuic myocardial infarc-
tion, global left ventricular ejection fraction was 6% units
higher in the streptokinase than in the placebo group (Tabte
2). Because of the number of patients included (n = 120} and
the lgw frequency of overall mortality (Table 1), this benefit
in function cour! not be correlated with an improved suz-
vival {10.1%). Suvset analysis of ejection fraction data re-
vealed ihat the benefit for the total group is predominanily
caused by a benefit of about 10% units in ejection fraction in
paticns with anterior myocardial infarction. Panents with
mferior myocardial infarction did not differ from control
patients. These results are in good agreement with data
obtained by Res et al. 120} 2 days after intracoronary
admiaistration of sireptokinase with a benefit in global left
ventricelar ciection fraction of 3% units in streptokinase-
treated patients with anterior mvocardial infarction and an
wsigniiicant Jifference of 1% unit in patients with inferiar
myocardial infarction.

Anterior versus inferior inforction, The difference be-
tween anterior and infericr myocardial infarction concerning
benefit in left vertricular function due to thrombolytic ther-
apy most likely can be attributed to the smaller size of
inferior compared with anterior infarcts (21). Benefit from
coronary reperfusion has been reported (21,22} to be greatest
in patients with a large infarct. Additional reasoms for a
smaller or no benefit in patients with inferior infarction may
be a lower rate of intarct-related vessel patency and a higher
incidence of collaleral vessels {23.24). Furthermore. radio-
nuclide ventriculography in the left anterior obligue projec-

among patients with inferior infarction differences belween
the streptokinase and placebo gruups were smaller and did
=t reach statistical significance.

Analyzing only the data obtained from the 75 patienls
with a complete follow-up concerning intraindividual com-
parison of regional lefl ventricular ejection fraction, signii-
cant changes uccurred only in sectors located within the
infarct zone with highest values 7 or 18 monthe after acute
infarction. Among patients with anterior mvucardial infarc-
tion, regiunal left ventricular ejection fraclion incrzased in
both treacment groups in one sector within the anterslateral
wall (p = 0.01, respectively) and in the streptokinase group
in one additioual secvor within the apical wall (p = 8.01.
Among patieats witk inferior myocardial infarction, regional
left veniricular ejeciion fraction increased in both groups
within the posterolateral wall. in the strepiokinase group ic

tion o the ib of the anterior myocar-
dial wall and underestimates the influence of the inferior wall
because of photan absorption within the cardiac blood pool
{16). Underestimation of global !cft ventricular ¢jection
fraction by 6% 1o 8% units by radionuciide ventriculography
has been reported in patients wiih an siierier w2l aneurysm
1167 and acute anterior myocardial infarciion (25). However,
in acute inferior myocardial infarction. radionuclide deter-
mination of global left ventricular ejection fraction seems to
be less iafluecnced by the wail motion sbnormeality. As
reported by Kennedy et al. {25). an overestimation of about
1% unit by radionuslide compared with contrast ventricu-
lography can be expected.

After reperfusion. formerly ischemic but non-necrelic
myocardium requires several days (o recover function {26).
Previous studies (2-4} demonstrated an increase in global
left ventricular gjection fraction 2 to 3 weeks after acute
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myocardial infarction, a iime when most randomized trials of
intravenous styeptokinase assessed left ventncaier function
(7,27-30). In accordance with our resuits {Table 2). a benefit
in giection fraction of 6% to 12% units was obseived in
strepiokinase-treated patients with anterior myocardial in-
farction. In inferior myocardial infarciion, differences were
smaller (2% to 8% units) and a significant benefit was
abserved only in some trials (27,30}

Late follow-up resulis. Left ventricolar function in pa-
tients treated by thrombolysis has mostly heen assessed only
within the 15 year after acute myocardial infarction. Within
this period u stable benefil has been reported after intracor-
anary as well as after intravenous sireptokinase (11-13,20).
Data concerning longer follow-up periods are rare. Blarke et
al. (31) reported that over 3 years patients treated by
intracoranary streptokinase had a benefit in left vertricular
function compared with results in a ronraadomized contro!
group. The findings of the present stndy—a benefit in feft
vertricular function in the streptokinase-treated group 3
days afler acute myocardial infarction {Tabl2 2) and stability
of globai left ventricuiar ejection fraction in this group up to
3 years (Fig. 1)—confirm these data with respect to intrave-
nous streptokinase. Thus, we found that intravenous strep-
tokinase results in a benefit in global left ventricular function
that is preserved ai feast up 1o 3 years ater acute myocardial
infarction.

In contrast to our streprokinase group, there was a stight
increase in global Ieft ventricular ejection fraction in the
placebo group from 4 weeks to 7 months after acute myo-
cardial infarction (Fig. 1). Schelbert ev al. (32) similarly
observed an ircrease in global left ventricular ejection
fraction in 61% Jf conventionally treated patients in the fate
postinfarction p:riod. The presence of ischemic but viable
myocardium in the infarct area {33) recovering as a result of
develop of ol i ch Is, or late reperfusion, or
functional improveraent of noninfarcted myocardium (8,34}
may cxplain this finding.

Regionai Ieft ventricular function. Determination of global
iefi ventricular ejecuon fraction is 1ot the mosst effective way to
assess the effects of thrombolysis within the infarct area.
Sva'uation of regioral myccardial function has been reperied
{8,35) to be more sensitive since dysfunction of the infasct area
may be superimposed by hypeskinesia of remote myocardium.
in the present study. yegional feft ventricular ejection fmcnm
was higher in the infarct asca as well as inremote
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(36,37). whereas differences wiih respect to ramote areas may
have several mechanisms. In experimental snfarction, facal
myocardial necrosis and metabolic derangements indicating
ischesgia have been observed i nonoccluded segments {38).
These findings v<re more evident with permanent ccclusien
than with reperfusive after 3 hours of ccciusion (38). Two
weeks after acute myecardia) infarction, Martin et ai. (23)
observed mild hyperkinesia of noninfarctued myocardium in
streptokinase-trealed patients but not in randsmized control
patients. Tis phenomencn was more marked in patients with
eultivessel disease than in those with single-vessel disense.
tartin et al. (23) atuibeted their findings to the higher ratz of
infarct-reluted vessel patency in sireptokinase-treated palienis.
resulting in additional blood flew to noni wieas fromthe
patent infarct vessel as a resuli of collatesa! flow.

In contrast to patients with antedor inyoca:dial &
tion, among patienis with inferior infarction, no di
between the two groups were d atle in the
present study (Fig. 28). This result is in accordance with
data from similar studies also using radionuoclide ventricu-
lography (28,29). However, the majority of rial: (8,14,3%)
employing contrast angiography demonstraied minor dys-
function of the infarct zone in streptokinase- compared wilh
placebo-treated paticnts. The diserepancy between results
obtained with radiunuclide and contrase ventricutopraphy
may be explained by the Yigher spatial resoltion of the
contrast technique and by the dlﬂicully of assess:ng the
inferior my diai wall by radi of
regional left ventricular ejection fraction, even when biplanc
radionuclide ventriculography is used (17).

in previous studies. seriai analysis of regioual left ven-
tricular function after thromboelysis has been performed up
10 6 months after acute myocardial infarction ( 4,24,26.19).
Afier early reperfusion, improvement of regionai wall mo-
tion v *hin the ianfarct area was ohserved beginning 3 days
after infarction (26). In the present study we analyzed
regional left ventricular ejection fractinn from 3 days 10 3
years after acuie infarction. During this period, areas with an
increase of regional left ventricular ejection fraction were
observed in both treaiment proups within the infarct zone
with the highest values 7 or 18 monihs after infarction. In
noninfarcled areas, regional left veniricular ejection fraction
did aot change significantly. After coronary artery bypass
surgery, Serruys et al. (34) reported an increase of the
initially d d regiona! sh g fraction in bypassed

in patients with anterior inyocardial infarction in the strep

and nonb d regions up to § months postoperatively,

nase group ihan in such patients in the placebo group (Fig. 2A).
This finding was demonsirable from 3 days up to 3 years after
acute infarction. Four weeks after arterior myocardial infarc-
lion, Serruys et al. (B) also observed differences between
treatment and contro! groups in both infarcted and nonin-
farcted arcas. Mantin¢t al. (23) and Bassand et a). (29) reperted
differences caly in remote myocardium. Treatment versus
control group differences with respect to infarct area are best
expleined by limitation of infarct size due to sarly reperfusi

‘They attributed this finding to recovery of myocardium from
an ischemic injury, a thesis that would also ¢xplain the
increase ia regional left ventricular ejection fraction within
the infarct zone observed in the present study.

Limitations of the study. The major limitation of ihe
present sludy is the hlgh degrec of incomplete follow-up.
which may infl dinal analysis. Although radio-
nuclide ventriculographic studies were performed in 84% of
all paucnls included or ¥1% of patients alive at the time of

pl follow-up was available in only 75
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