
ecent studies have indicated that recanalization of
an occluded coronary artery can be achieved in 60â€”
85% of cases of acute myocardial infarction (MI) if
intracoronary streptokinase is injected within 6 hr of
the onset ofchest pain (1â€”3).This rate of recanalization
is far higher than the rate found to occur spontaneously

(4,5).
Although it has been claimed in early studies (6,7)

that intracoronary streptokinase improves left ventric
ular function in treated groups as compared with con
trols, this has not been consistently confirmed by re
cently performed controlled studies (8â€”13).Moreover,
most of the recently published trials failed to show a
treatment effect on left ventricular function. The obser
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vation of the absence of a treatment effect, however,
could be due to different trial designs, to the relatively
small sample sizes in these studies, or to the mode of
analysis ofleft ventricular function.

Accordingly, the purpose ofthis controlled study was
to assess the effects of intracoronary streptokinase on
global radionuclide left ventricular function in a large
randomized multicenter trial. Particular emphasis was
placed on the mode of analysis of the radionuclide
studies.

MATERIALS AND METHODS

Outline of Study
Between May 1981 and January 1984, the first part

ofa randomized controlled prospective trial was carried
out in four hospitals to compare the effects of intracor
onary streptokinase with conventional treatment. In a
subset of patients, radionuclide angiography was per
formed to study the effects of thrombolysis on left
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Three hundred and two patients with acute myocardial infarction were enrolled in a
randomized multicenter trial to compare conventional treatment with attempted recanalization
by intracoronarystreptokinase.In a subgroupof patients,the effectsof thrombolysison left
ventricular function were evaluated within 48 hr, at 2 wk, and at 3 mo after admission. Global
left ventricularejectionfraction(LVEF)was obtainedby radionudideangiographyand
analyzedwith anautomaticdetectionprogram.Paireddataweredeterminedin 160 patients
(control 78, thrombolysis 82) within 48 hr and at 2 wk, and in 143 patients (control 71,
thrombolysis 72) at 48 hr, 2 wk, and 3 mo. It was shown that LVEF significantly improved in
the thrombolysis group as compared with controls both at 2 wk (@LVEF thrombolysis 3.9 Â±
7.9%, p < 0.001 compared with@ LVEF control 0.6 Â±9.7%, p = N.S.) and at 3 mo (@LVEF
thrombolysis 3.1 Â±12.4%, p < 0.05 compared with@ LVEF control 2.1 Â±12.2%,
p = N.S.). When patients were dividedaccording to infarct site, however, significant
improvementat 3 mo was onlyobservedin the patientswith anteriorinfarction(@LVEF
thrombolysis5.5 Â±13.1%,p < 0.05comparedwith@ LVEFcontrol3.3 Â±10.4%,p = N.S.).
It was shownthat acuteinterventionwith intracoronarystreptokinasehasa potentially
favorableandlastingeffecton left ventricularfunctionin patientswith anteriormyocardial
infarction. This improvement might be related to the rather rapid administration of
thrombolytic therapy with a median time of â€˜-â€˜4hr after onset of symptoms.
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ventricular function until 3 mo after the acute event.
In this study, the main emphasis was placed on the
results of radionuclide angiography. Clinical results
were mentioned only ifthey were relevant to the radio
nuclide data. The overall clinical and angiographic
results will be reported separately.

Patient Enrollment
Patients @70yr ofage with myocardial ischemic pain

of >30 mm duration were eligible for participation if
they could be randomly assigned to a treatment group
within 4 hr after the onset of chest pain. The chest pain
had to persist after nitroglycerin therapy and the ECG
had to show the following changes in ST segment
elevation; 0.2 mV or more in the precordial leads and
0. 1 mY in the limb leads. Exclusion criteria were pre
vious treatment with streptokinase, and high risks of
bleeding such as recent trauma, cardiopulmonary re
suscitation, and hematuria.

Randomization Procedure
Patients were allocated by randomization to the

thrombolysis group or to the control group. Patients
allocated to the thrombolysis group were asked to give
informed consent after randomization. The control
group only received conventional therapy without acute

angiography.
Coronary angiography was performed as soon as

possible after the informed consent. Before angiogra
phy, the patient received 5,000 IU i.v. heparin, 100 mg
i.v. prednisolone, and 250 mg acetylsalicylic acid. Intra
venous lidocaine 2 mg/mm and i.v. nitroglycerin were
administered if necessary.

Acute CatheterizationProtocol
Patients with total coronary artery obstruction re

ceived an intracoronary infusion of 4,000 U/mm. The
infarct-related vessel was visualized in a fixed projection
every 15 mm. If recanalization occurred, the intracor
onary infusion was continued for at least an additional
15 mm. The maximum infusion period was 60 mm.

Patients with initially incomplete obstruction did not
receive streptokinase if the severity of the stenosis was
estimated to be <50% in luminal diameter. Stenosis of
>50% were perfused with streptokinase for at least 15
mm. The mean dose of streptokinase was 2 17,000 UI
patient (range 0â€”375,000).

Subsequent Therapy
All patients, including those in the control groups,

were fully anticoagulated with i.v. heparin and were
subsequently treated with coumadin until discharge
from the hospital. Beta-blockers, nitrates, and calcium
antagonists were not administered routinely within the
first 72 hr after random assignment.

Data Acquisition and Analysis
Within 48 hr after admission to the cardiac care unit,

radionuclide angiography (RNA) was performed with a

mobile gamma camera interfaced with an IMAC 7400
computer system.t Red blood cells were labeled in vivo
after i.v. injection of 15 mCi (555 MBq) technetium
99m. Gated radionuclide angiograms were made in 45â€”
60Â°left anterior oblique (LAO) view to provide optimal
separation of left and right ventricle. A 20% window
was used around the 140 keV gamma-peak and data
were collected in a matrix of 64 x 64 pixels. Gating was
performed with 20 frames/cycle and data were acquired
over a period of 8 mm. Data were stored on floppy
disk. Whenever possible, oral nitrates were discontinued
at least 12 hr before the scintigraphic procedure. The
RNA studies were repeated after 14 days and after 3
mo. All RNA studies were performed with the same
acquisition technique. Global left ventricular ejection
fraction (LVEF) was computed by means of an auto
matic edge-detection program implemented in the
IMAC system. The method has the advantage of a low
operator interaction and has good reproducibility as
previously assessed by our own laboratory (14). An
LVEFof5O% was considered the lowerlimit of normal.
Since the RNA studies were obtained from one single
view, regional wall motion abnormalities were not eval
uated in this study. All patients were evaluated blinded
to patient identity and treatment assignment. In all
patients who had at least one coronary angiogram, the
coronary artery responsible for the infarction was de
termined by correlating angiographic and electrocardi
ographic data. The infarct-related coronary artery was
classified as totally obstructed or patent before interven
tion and afterwards. Patency was defined as complete
filling of the artery within three cardiac cycles. Serial
electrocardiograms were evaluated for confirmation of
the presence and location of infarction according to
standard criteria. At 2 wk, the coronary angiogram was
repeated in 50 patients and the infarct related artery
proved to be reoccluded in ten patients (20%). Fifteen
patients (27%) in the treatment group had acute per
cutaneous transluminal coronary angioplasty. Early
coronary artery bypass grafting was not performed in
both groups.

Statistical Analysis

Data analysis was based on the intention to treat
principle following original treatment allocation. Only
patients with at least two RNA studies were taken into
consideration. Student's t-test was used to determine
statistical significance from paired data. Data were ex
pressed as the mean Â±s.d. and/or median and range.
All p values were two-tailed and a p value of<0.05 was
considered to be statistically significant.

RESULTS

Patient Characteristics
One hundred and fifty out of a total of 302 patients

were assigned to conventional treatment and 152 pa
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andat 2wkLVEFLVEFNo.of48hr2wkGroup

patientsmean Â±s.d.mean Â±s.d.

tT = Thrombolysis.
* p < 0.001 . (p Values were obtained after comparison with 48

hr studies).
â€˜p<O.Ol.
**p<005

tients to thrombolytic therapy. In 160 patients, radio
nuclide angiography was performed within 2 days after
intervention and after 2 wk. Baseline characteristics are
shown in Table 1 and were not significantly different
among controls (n = 78) and thrombolysis patients (n
= 82). The patient characteristics of the total group of

302 patients were very similar to the patients who
underwent the paired RNA studies. In both groups,
three patients died before the first RNA study.

Radionuclide Angiography
Paired radionuclide data were determined in 160

patients (control 78, thrombolysis 82) within 48 hr and
2 wk (Table 2), and in 143 patients (control 7 1, throm
bolysis 72) at all three times (Table 3). The 48-hr RNA
studies showed equal distribution of normal and abnor
mal (<50%) LVEF values in both groups: 45 (58%) of
the control group and 48 (55%) of the thrombolysis
group showed an abnormal LVEF. At all three times
the thrombolysis group showed increased LVEF values
compared with the control group. At 2 wk, a significant
increase in LVEF was noticed in the thrombolysis pa
tients (@LVEF 3.9 Â±7.9%, p < 0.001) compared with
the control patients (@\LVEF 0.6 Â±9.7%, p = N.S.).
At 3 mo a significant increase in LVEF was observed
in the treatment group (@ LVEF thrombolysis 3. 1 Â±
12.4%, p < 0.05 compared with @\LVEF control 2. 1 Â±
12.2%, p = N.S.).

When patients were divided according to site of
infarction, this significant difference was noticed in both
the anterior and inferior infarctions at 2 wk. At 3 mo,
the significant improvement in LVEF was only ob
served in the patients with anterior infarction (@LVEF
thrombolysis 5.5 Â±13. 1%, p <0.05 compared with@
LVEF control 3.3 Â±10.4%, p = N.S.). The patients

TABLE 1
Baseline Characteristics of 160 Patients with Acute

Myocar@alInfarction who Underwent
Radionudkie Angiography*

No.of patients(pts)
Age(yr)
Male(pts)
AnteriorMl (pts)
InferiorMl (pts)
PreviousMI(pts)
Timeto randomas

signment(mm)
Timeto infusion(mm)
Totaldoseof strepto

kmnase(U)
Patencyof infarct-re

latedartery(pts)

TABLE2
Paired Radionudide LVEF (%) Within 48 hr

C total*7840 Â±1341 Â±14T
totals8244 Â±1448 Â±14'C
anteriorMl3332 Â±1134Â±14T
anteriorMI3436 Â±1240 Â±13'C
inferiorMl4547 Â±1146 Â±11TinferiorMl4850Â±1254Â±12*

C = COntrol.

with inferior infarction did not show significant differ
ence at 3 mo (@LVEF thrombolysis 1.2 Â±13.5%,p =
N.S. compared with@ LVEF control 1.5 Â±11.8%, p =
N.S.).

The dropoff of patients between 2 wk and 3 mo was
mainly due to logistic reasons since only three (4%)
patients in the thrombolysis group and two (3%)
patients in the control group died in that period.

DISCUSSION

The results of this controlled, prospective, random
ized multicenter trial show that radionuclide LVEF
improves over time in patients allocated to thrombo
lysis. The improvement in LVEF differed significantly
from the LVEF values in the control group, which did
not show any significant increase in LVEF during the
3 mo follow-up. In particular, in patients with anterior
MI this treatment effect was still present at 3 mo.

This indicates a beneficial effect of thrombolysis on
left ventricular function already in the early phase of
acute MI.

Our data are at variance with most prospective ran
domized trials of intracoronary streptokinase in acute
myocardial infarction (8,10,12,13). Even a preliminary
study by our own group (15) did not show a significant
improvement in LVEF. Only Anderson et al. (9) re
ported improvement of left ventricular function after
streptokinase infusion. These different findings may be
explained by different trial designs, by the sample sizes
that were studied, or by the different mode of analysis
ofleft ventricular function.

The Western Washington Trial (12) reported no
improvement in radionuclide LVEF in the streptoki
nase group (n = 134) compared with controls (n = 116).
In their study, LVEF was determined with a computer

Item Control Thrombolysis

* Values are expressed as absolute numbers with percentages

or as medianwithrange.

78
55(35â€”70)
66 (85%)
33 (42%)
45(58%)
20(26%)

108(0â€”240)

82
54 (30â€”70)
67 (82%)
39(47%)
43(53%)
15(18%)

115 (0â€”240)

â€” 243(100â€”385)

â€” 217,000(0â€”375,000)

65(79%)
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LVEF LVEFLVEFNo.of
48hr 2wk3moGroup

patients meanÂ±s.d. meanÂ±s.d. meanÂ±s.d.C

total* 71 38 Â±13 39 Â±15 41 Â±15T
total@ 72 43 Â±13 48 Â±14' 47 Â±14'C
anterior Ml 31 30 Â±13 32 Â±17 32 Â±14T
anterior Ml 30 37 Â±12 40 Â±12 44 Â±15'CinfenorMi

40 44Â±11 44Â±1148Â±12T

inferior MI 42 48 Â±12 53 Â±11@ 49 Â±13Control.t

T =Thrombolysms.*
p < 0.001 . (p Values were Obtained by comparison with 48 hrstudies).Â§

p <0.05.**

p <0.01.automated

method ( 16) as soon as possible after the vention and on Days 10â€”14after the MI. In theirstudy,acute
intervention and at 2 wk. However, the absence a manual edge-detection technique wasused.of

a beneficial effect might be due to the difference in Objective assessment of left ventricular functionintime
between onset of symptoms and randomization the acute phase of MI may be difficult becauseofbetween

our study (<4 hr) and the Western Washington changes in left ventricular compliance, bloodviscosity,Trial
(<12 hr). Two randomized studies of Khaja Ct al. collaterals, and preload and afterload of the left ventri

(8) and Leiboff et al. (10) reported no differences in cle. This is supported by data of Wackers et al.(17)radionuclide
left ventricular function between treat- who reported considerable spontaneous variationsinment

and control groups. Both studies were too small radionuclide LVEF during the first 24 hr of acuteMIto
detect significant differences in left ventricular func- in the individual patient. In our studies, mostpatientstion,

and the Leiboffstudy even showed a trend towards underwent the first RNA study between 24 and 48hra
decreased LVEF. In addition, the Khaja study in- after entering the trial, when major physiologicchangescluded

patients up to 6 hr after onset of symptoms. in left ventricular function are less likely tooccur.Leiboff(
10) did not mention the mode of LVEF analy- The improvement in left ventricular functionmaysis,

and Khaja (8) used an automatic edge detection be due partly to salvage of myocardium, but ismosttechnique.
likely caused by amelioration in regional functionofA

recent study by Rentrop et al. (13) also reported a the noninfarcted segments, as has been echocardi
lack of treatment effect on left ventricular function. ographically assessed by Hooghoudt et al. ( 18). In ad
Their trial design was quite comparable to ours in that dition, Mathey et al. (19) concluded in a nonrandom
they compared a thrombolysis group with an uncath- ized study that quantitatively small ventricularfunctioneterized

control group, but only 47 patients underwent benefits ofreperfusion can only be identified byregionalpaired
radionuclide LVEF immediately before inter- wall motion analysis. This may be related to the per

TABLE4Comparison
of Different Prospective Randomized Trials on IntracoronaryFibrinolysisin

AcuteMyocardialInfarctionTime

toNo.
of randomization Second Third AnalysisofLVEFStudy

patients (hr) First RNA* ANA RNA global LVEFresponseKhaja

(8) 40 6 Day12 5 mo â€” Automaticâ€”Anderson
(9) 50 4 Day1 Day10 â€” Notmentioned+Kennedy

(12) 250 12 Day1â€”2 Days12â€”14 â€” Automaticâ€”Leiboff
(10) 55 4 Day 1 Days 10â€”14 â€” Not mentionedâ€”Rentrop
(13) 47 12 Preintervention Days 10â€”14 â€” Manualâ€”This

study 160 4 Day 1â€”2 Days 12â€”14 3 mo Automatic+*

After intervention, unless otherwise noted.

TABLE 3
Paired Radionuclide LVEF (%) of 143 Patients Who Underwent All Three RNA Studies
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fusion of collateral vessels which do not function prior
to reperfusion. However, in the report of Khaja et al.
(8) regional wall motion analysis showed no group

benefit after reperfusion. Our study cannot answer these
questions since the presence of collateral vessels was
not determined. Moreover, regional wall motion was
not analyzed in this study.

It has also been reported by Stack et al. (20) and
Sheehan et al. (21) that offsetting hyperfunction in
nonischemic segments tends to normalize global left
ventricular function. Therefore, only patients with a
markedly depressed left ventricular function might
show significant improvement (@5%absolute EF units)
in LVEF. As a result patients with a normal initial
LVEF (@50%) would not benefit from reperfusion.
However, our study showed in patients with a normal
initial LVEF that at 2 wk 11/34 (32%) patients in the
thrombolysis group and only 3/33 (10%) in the control
group significantly improved their LVEF (p < 0.001,
chi-square).

Analysis of Global Radionuclide LVEF
Table 4 shows a comparison between the different

randomized trials. In two trials, @iemeans of analysis
ofradionuclide LVEF was not mentioned. In the study
of Khaja et al. (8), the Western Washington Trial, and
our study an automatic edge detection program was
used. In our opinion, automatic edge detection is the
only legitimate way for proper analysis of LVEF, since
considerable intra- and interobserver variability have
been reported with manual analysis (22,23). This holds
true, in particular, for multicenter trials where uniform
analysis of left ventricular function is crucial. Our edge
detection program has been shown to have excellent
reproducibility; mean and s.d. ofdifferences were 0.8%
and 4.3%, respectively (14).

CONCLUSION

In this controlled, randomized study the effects of
intracoronary thrombolysis on left ventricular function
were studied until 3 mo after the MI. Global LVEF was
determined from the RNA studies and analyzed by an
automatic edge-detection program. Our study showed
a beneficial effect of intracoronary thrombolysis on left
ventricular function in patients with acute myocardial
infarction. This effect was already noticeable at Day 2
and persisted for 3 mo. In particular, patients with
anterior MI showed a significant improvement in left

ventricular function which was sustained for at least 3
mo after the acute event. Since patients with anterior
infarction have a large risk of clinically deteriorating in
the early phase of myocardial infarction, they should
potentially benefit from early intervention with
intracoronary streptokinase.

Thus, acute intervention with intracoronary strepto

kinase has been shown to have a potentially favorable
and lasting effect on left ventricular function in patients
with anterior MI. This improvement is probably related
to the relative large group of patients studied and to the
rather short entry window of 4 hr. which resulted in a
rapid administration of thrombolytic therapy. The ap
plication of an automatic edge-detection program for
appropriate analysis ofleft ventricular function appears
to be very desirable.

FOOTNOTES

. Siemens AG, Erlangen, FRG.

t CGR, Holland.
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