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ANGIOGRAPHIC and pathologic studies have proved
that the cause of acute myocardial intarction in most
patients is coronary occlusion due to thrombosis.'
The feasibility of rapid dissolution of intracoronary
thrombi by systemic or selective infusion of thrombo-
lytic agents has been demonstrated convincingly 1n
experimental series and in small clinical pilot studies
as long as 25 years ago.””’ The concept of limiting
infarct size by early reestablishment of antegrade flow,
however, was not introduced into clinical practice until
1978.% 7 There have been many clinical trials of the
efficacy of thrombolytic therapy in achieving reperfu-
sion, salvaging myocardial function, and reducing
mortality, but the efficacy of thrombolysis in random-
1zed trials has varied widely in several studies.

To answer the question of whether thrombolysis 1s a
clinically useful approach in acute myocardial infarc-
tion, we initiated in May 1981 a randomized trial to
compare a strategy aimed at early recanalization by
intracoronary administration of streptokinase with
conventional treatment in the coronary care unit.'*™"
The primary objective was to study the effect of the
intervention on mortality and morbidity after myocar-

dial infarction. In addition, we analyzed the effect of

attempted thrombolysis on infarct size and left ventric-
ular function measured by various methods. The intake
was completed in March 1985 after entry of 533 pa-
tients. The data presented in this report demonstrate
that improved survival after early thrombolysis in
acute myocardial infarction is indeed associated with a
reduction of infarct size and with preservation of glo-
bal left ventricular function. Furthermore, regional
wall motion after thrombolysis appeared to be better
than in the control group."

The difference between the present study and the
other randomized trials published thus far can be ex-
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plained by differences in study design, by the shorter
delay between the onset of symptoms and treatment,
and by its larger size."” ™'

Methods

This randomized trial of thrombolysis in acute myocardial
infarction is a multicenter study supported by the Interuniversity
Cardiology Institute in the Netherlands. The protocol and some
initial results were published in 1982.2°~* These preliminary
data indicated that reocclusion of the coronary artery occurred
predominantly in patients with severe residual stenoses.***
Immediate percutaneous transluminal coronary angioplasty was
therefore added to the procedure in those patients in whom
visual inspection of the coronary arteriograms suggested residu-
al stenosis in excess of 60%. When it also became evident that
possibly crucial time was lost by preparation for catheterization
and because other studies'* =”: Y reported angiographic confir-
mation of thrombolysis after intravenous streptokinase, 1t was
decided (January 1984) to give intravenous streptokinase
(500,000 U) at the time of admission to the hospital. Admission
to the study was discontinued 1in March 1985.

Patient selection. During the study period all patients up to
the age of 70 years with chest pain and electrocardiographic
signs of typical myocardial infarction who were admitted within
4 hr after the onset of symptoms were eligible for the trial. The
usual exclusion criteria for thrombolytic therapy were applied as
described in detail in previous reports.**~*>* ! The protocol is
summarized in figure 1. After inclusion, patients were regis-
tered by a central telephone answering service, which also pro-
vided treatment allocation.?' Informed consent was obtained
from patients allocated to thrombolytic therapy only, as pro-
posed by Zelen.** Patients who refused consent were treated
according to the same guidelines as the control group.™

All patients were treated with heparin followed by acenocou-
marol (Sintrom) until hospital discharge. After discharge, anti-
coagulants were continued only in patients with ventricular an-
eurysm, intraventricular thrombus, mitral incompetence, or
large ventricles with a poor contraction pattern.

[n patients assigned to streptokinase treatment, an infusion of
nitroglycerin (100 wg/min) was started immediately and the
patients were transferred to the catheterization laboratory as
soon as possible.

Next, coronary arteriography of the artery suspected to be
thrombosed was performed. Intracoronary pertusion was car-
ried out at a rate of 4000 U/min to a maximum of 250,000 U of
streptokinase. Coronary angiograms were repeated every 15
min until the vessel was patent or the chest pain had disap-
peared. The (re)appearance of ventricular extrasystoles or any
conduction disturbance was also an indication to revisualize the
artery.

After completion of the streptokinase infusion, the nitroglyc-
erin and lidocaine infusions were interrupted and left ventricu-
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FIGURE 1. Flow chart of the procedures in the current randomized
trial at the Thoraxcenter and other members of the Interuniversity Car-

diological Institute. (Reproduced from ref. 14 with permission.)

lography in the right anterior oblique projection was done.
Coronary arteriography and left ventricular angiography were
performed both in the control group and the thrombolysis-treat-
ed group, either before discharge or 4 to 8 weeks after the acute
phase.

Radionuclide angiography. Radionuclide angiography was
carried out at the bedside on the first or second day after admis-
sion and repeated before hospital discharge as well as after 3
months. Gated images were obtained with 20 frames in each
cycle after labeling in vivo with 15 mCi 99mTc. Data were
analyzed by a fully automated computer program on a DEC-
gamma |1 or an ADAC system,™ or with an MDS or a Philips
data analysis system.

Measurement of serum enzyme activities and calculation
of cumulative hydroxy butyrate dehydrogenase release. Se-
rum alpha-hydroxy butyrate dehydrogenase (HBDH) enzyme
determinations were done upon admission, every 12 hr for 2
days and then every 24 hr until 5 days after admission. In 317
patients HBDH levels were obtained. whereas in 131 patients
from two hospitals total lactate dehydrogenase levels were used
and converted to cumulative HBDH release. Cumulative release
of HBDH was calculated from these data as described earli-
er’™> 3 by a two-compartment model. The total HBDH activity
ultimately released by the infarcted myocardium is represented
by HBDHQ72, since at 72 hr after onset of chest pain the
enzyme release rate has decreased to values near zero.?’

Electrocardiographic assessment. Careful reading of the
electrocardiograms. made at admission, was done independent-
ly by two experienced electrocardiographers. In cases of differ-
Ing interpretation, they agreed after discussion.
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The following definitions were used™®: (1) The localization of
the infarct was defined as inferior if there was ST segment
elevation in leads II, IIl, or aVF or ST segment elevation in
leads I, aVL, Vs, or V4 in combination with posterior infarction
(ST segment depression in V, to V,); the infarct was anterior if
there was ST segment elevation in V| to V, or ST segment
elevationin I, aVL, Vs, or Vi without the presence of inferior or
posterior infarction. (2) The sum of ST segment elevation on the
ECG was defined for anterior infarcts as the sum of ST segment
elevation in leads I, aVL, and V, to V, and for inferior infarcts
as the sum of ST segment elevation in I, II, III, aVL, aVF, Vs.
and Vs and ST segment depression in V, to V,.

Analysis of global and regional left ventricular function.
Before hospital discharge all patients in both groups were of-
fered cardiac catheterization.

Global and regional left ventricular function was studied from
the 30 degree right anterior oblique view with an automated
hardwired endocardial contour detector linked to a minicom-
puter. This method of analysis has been described in detail
previously.** %" Figure 2 shows an example of the end-dia-
stolic and end-systolic contours of the left ventriculogram as
well as the segmental contribution to the global ejection frac-
tion, as displayed by the analysis system.

Clinical follow-up. All patients were followed at the out-
patient clinic for at least | year after admission. Recurrent
myocardial infarction, angina pectoris, cardiac failure, bypass
surgery, and percutaneous transluminal coronary angioplasty as
well as prescribed medication were recorded. In addition, sur-
vival status was assessed for all patients at 6 month intervals.

Data analysis. Data analysis was based on the “intention to
treat” principle. Thus patients who refused early angiography
were analyzed as part of the thrombolysis group, after original
treatment allocation. Differences between the two groups were
tested with the chi-square test, Student’s t test, Fisher's exact
test, or the Mann-Whitney rank sum test when appropriate.
Multiple linear regression analysis was used for estimating the
contribution of baseline data to enzymatic infarct size, left ven-
tricular ejection fraction, and survival. All baseline data that
correlated in univariate analysis with enzymatic infarct size or
ejection fraction were tested in the multivariate regression mod-
cl. Trends in the multivariate model were tested with the F test.
Two-sided p values are reported.

Results

Five hundred thirty-three patients were entered in
the study, of which 302 were treated before January
1984 (intracoronary thrombolysis) and 231 after that
time (intravenous and intracoronary thrombolysis).

Baseline data. Baseline characteristics in the two
groups of patients are shown in table 1. All baseline
data were distributed evenly, including a history of
previous myocardial infarction in 116 patients (22%)
and previous bypass surgery in 13 patients (2%). Simi-
larly, maintainance therapy and therapy initiated with-
in 24 hr preceding entry in the trial and hemodynamic
state at admission was the same in both groups.

Patients were entered in the study if they arrived
within 4 hr after the onset of symptoms. Forty-four
control subjects and 39 thrombolysis patients were al-
ready hospitalized before onset of myocardial infarc-
tion. The median time until hospital admission was 90
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FIGURE 2. A, Example of the computer output showing the end-diastolic and end-systolic contours of the 30 degree right
anterior oblique left ventriculogram. Systolic regional wall displacement was determined along a system of 20 coordinates on the
pattern of actual endocardial wall motion in normal individuals and generalized as a mathematical expression amenable to
automatic data pmcessing.y' 39.490 B The left ventricular end-diastolic cavity is divided into 20 half slices. The volume of each
half slice is computed according to the given formula, where R 1s radius and L is left ventricular long-axis length. C, The regional
contribution to global ejection fraction (CREF) is determined from the systolic decrease of volume of the half slice that
corresponds to a particular wall segment. The systolic volume change is mainly a consequence of the decrease of radius of the halt
slice. When normalized for end-diastolic volume, the systolic segmental volume change was considered a variable of regional
pump function. D, The shaded zones represent the 10th to 90th percentiles area of CREF values in normal individuals. On the X
axis the CREF values of the anterior and inferoposterior wall areas are displayed (%), and on the y axis the segment numbers of
the anterior wall (1 to 10) and of the inferoposterior wall (11 to 20) are depicted. Anterobasal = segments | to 5: anterolateral =

segments 5 to 9; apex = segments 9 to 12: inferoapical = segments 12 to 16: inferobasal = segments 16 to 20. (Reproduced

from ref. 14 with permission.)

min (table 1). Median time of arrival in the catheteriza-
tion laboratory was 170 min, while streptokinase infu-
sion was started 195 min after the onset ot symptoms.
These data were compared in the seven randomized
trials (table 2).

Acute and late angiography. A total of 533 patients
were admitted to the trial in five participating hospi-
tals; 264 patients were assigned to receive convention-
al therapy and 269 patients to thrombolysis. In spite of
allocation to thrombolysis, angiography could not be
performed in 35 patients: informed consent was re-
fused by 20, a contraindication occurred or was detect-
ed after randomization in three, one patient died betfore
angiography, the coronary ostium could not be reached
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from the femoral artery in six, and pain and ST seg-
ment elevation resolved shortly after randomization 1n
five. The results of early angiography are summarized
in table 3. Of 234 patients who underwent early angi-
ography, 65 had a patent infarct-related artery and 1n
169 this artery was occluded. In 136 patients catheter-
ized without previous intravenous streptokinase, the
infarct-related vessel was occluded in 111 (82%) and
recanalization was achieved in 88 (79%) after 30 min
(median) of intracoronary infusion of streptokinase.
An occluded artery was found in 58 (59%) ot 98 pa-
tients who received intravenous streptokinase before
its intracoronary administration. Subsequently intra-
coronary streptokinase caused recanalization in 39
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TABLE 1
Baseline data

Thrombolysis Controls

No. of patients 269 264
Men 217 224
Age (yr, mean =+ SD) 369 55+8
Previous myocardial infarction 56 60
Known angina 69 74
Anterior infarction 129 116
Time since onset of symptoms

(median, min) 90 90
Hospitalized for unstable angina 39 44

Killip class III/IV on admission . | ]
Sum of ST elevation on the ECG on
admission (median, mV) [.1] k.

I~

patients, whereas in five patients the thrombus was
perforated by the guidewire or angioplasty catheter.
Ultimately the infarct-related artery remained oc-
cluded in 36 of 234 patients who underwent angiog-
raphy and at least one attempt at recanalization (15%),
whereas the artery was open at study or became recan-
alized 1n 198 patients (85%). The median time between
onset of symptoms and angiographic documentation of
a patent infarct-related vessel was 200 min, ranging
from 55 to 375 min. Differences between our data and
those of the six other randomized trials are given in
table 2. The infarct-related coronary artery was the left
main stem in one patient, the left anterior descending
artery in 102, the circumflex artery in 40, the right
coronary artery in 89, and a bypass graft in two
patients.

To mmprove recanalization, percutaneous translu-
minal coronary angioplasty (PTCA) was attempted in
46 patients with severe stenosis of the infarct-related
artery after thrombolysis in whom it was judged to be

TABLE 2
Previously reported data in literature

Previous Killip
n MI [HI/1V
ICI 533 116 (22%) 23 (4%)
Anderson et al.'® 50 4 (8%) —
Leiboff et al.'” 40 — —
Kennedy et al.'” 250 32 (13%) 17 (7%)
Khaja et al.'® 40 — 4 (10%)
Raizner et al.?' 64 5 (8%) 7 (11%)
Rentrop et al.?" 124 22 (18%) —

technically and organizationally feasible.” In 44 pa-
tients this additional procedure was successful, while
reocclusion ot a subtotal lesion occurred after PTCA in
two patients. No differences in final patency were ob-
served between anterior infarcts (83%) and inferior
infarcts (88%). Final patency decreased slightly since
more time had elapsed between onset of symptoms and
admission. Final patency was 96% in patients already
hospitalized before onset of symptoms, 85% in pa-
tients admitted within 1 hr after onset of symptoms,
89% after more than 1 hr and within 2 hr, and 76%
after 2 or 4 hr. Sum of ST segment elevation, previous
myocardial infarction, known angina, or Killip class at
admission did not affect final patency rate. Late coro-
nary angiograms were available in 199 patients as-
signed to receive thrombolytic therapy and in 205 pa-
tients treated conventionally (table 3). These data were
missing 1n 42 patients who died in the intervening
period, 24 patients who underwent early bypass sur-
gery, 22 patients who were transferred to another hos-
pital, and 41 patients who refused the second angio-
gram; in /2 patients late angiography was performed,
but the left ventricular angiograms were inadequate for
quantitative analysis. Angiograms were thus available
In 332 patients. These angiograms were obtained be-
fore discharge in 279 patients (median 11 days) and
after discharge in 124 patients (median 42 days). Dur-
ing follow-up angiography, patency rates in the control
and thrombolysis groups were 52% (106/205) and 79%
(157/199) (p = .0001). The reocclusion rate in pa-
tients who had recanalization by intracoronary strepto-
kinase was 20% (22/109 patients), while late occlusion
in the patients with a patent infarct-related vessel at
first angiogram was 6% (3/49 patients).

Clinical course. Complications during the clinical

Time (min) to:

Admission/ Reperfu-
randomiza- Occlusion sion Reocclusion
tion Treatment  Patency? (%) (%) (%)
90 195 200 83 79 20
152 238 259 100 79 0
84 242 286 100 68 45
|34 276 — 86 68 —
- 324 — 100 60 —
212 337 — 55 50 —
246 354 - 67 74 17

Baseline characteristics in the seven randomized trials of thrombolysis. The actual numbers are presented, with percentages in parentheses.
MI = myocardial infarction; ICI = Interuniversity Cardiology Institute, The Netherlands.

*n patients with successful recanalization.
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TABLE 3
Results of early and late angiography

Late angiography missing Late angiography

Death Inadequate
Patient before quality of Adequate ol
Early angiography refusal anglio CABG LV angio Other? LV angio Patent  Occluded

264 controls 19 27 = 31 9 1 74 106 99

35 no angiography 5 4 2 8 2 14 13 9
7

269 thrombolysis — 65 patent — 65 patent l l 9 13 5 36 46 3
N

169 occluded — 133 patent 1 4 4 18 5 91 87 22

N
36 occluded 5 6 5 2 1 17 11 8
533 patients 41 42 24 12 22 332 263 140

CABG = coronary artery bypass graft surgery.
AFor example, due to transfer to another hospital.

course in the hospital are summarized in table 4 and
compared with the other randomized trials. These data
include all events up to 14 days after admission, in the
coronary care unit, in the catheterization laboratory, or
in the medium care unit. There were no differences 1n
the incidence of reinfarction, angina pectoris, or heart
failure. Ventricular fibrillation was more prominent 1n
the controls, as well as pericarditis, characterized by
posture-related chest pain and a friction rub, whereas
bleeding occurred more frequently after thrombolysis.
In most cases bleeding was limited to the puncture site
for angiography. Several observations related to heart
failure in the acute phase were more frequent in control
patients, but this was of borderline significance.”' For
example cardiogenic shock (p = .08) and treatment
with dopamine and dobutamine (p = .04) occurred
more frequently in controls. Similarly, heart failure
during convalescence was more frequent in controls (p
= .05). Treatment after hospital discharge was similar

TABLE 4

in both groups, including B-blockers in 101 controls
and in 113 patients allocated to thrombolysis and anti-
coagulants in 80 controls and 79 patients.”'
Myocardial enzyme release. Infarct size was estimated
from serial serum enzyme measurements during the
first 72 hr. Cumulative data in figure 3 indicate a 30%
smaller infarct size in the treated group (p = .0001,
Mann-Whitney test). This difference was also appar-
ent when patients with a first infarct only (p = .0001),
patients with anterior wall infarction (p = .005), and
patients with inferior wall infarction (p = .007) were
analyzed separately. Furthermore, similar results were
obtained when the patients who died within 72 hr were
not included in the analysis and when data from the
five hospitals were analyzed separately. Median val-
ues for HBDH infarct size in control and thrombolysis-
treated patients were 1100 and 770 U/liter. These val-
ues were 1140 and 790 Ulliter in those with a first
infarct, 1280 and 840 U/liter in those with anterior wall

Clinical course in hospital: review of the randomized trials*

ey

n Mortality Reinfarction CABG/PTCA VF Bleeding
C T C i C E & T C j i L T
e
1C] 264 269 26 14 12 9 13 60 36 7 53
Anderson et al.'® 26 24 4 l 2 I 2 7 5 3 — —
Leiboff et al.'” 18 22 | 2 — — — — — 3 — 5
Kennedy et al.'” 116 134 13 5 3 4 Y 13 - 1 7
Khaja et al.'” 20 20 2 l — == 5 l S — SR -
Raizner et al.”' 35 29 2 4 2 5 5 5 e = 0 2
Rentrop et al.*" 61 63 4 10 — — — — — — 13%

ey
C = control group; T = thrombolysis group; CABG = coronary artery bypass graft surgery; PTCA = percutaneous
transluminal coronary angioplasty; VF = ventricular fibrillation.
ASummary of the clinical course in hospital in the seven randomized trials. Values refer to number of patients, except as

otherwise noted.
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FIGURE 3. Cumulative distributions of infarct size determined from
serial HBDH measurements. Data were available in controls and in
patients assigned to thrombolysis. Patients who died before completion
of the measurements have been included as the largest infarct sizes (7) as
discussed 1in the text. The median reduction of infarct size after throm-
bolysis is 30% (p = .0001, Mann-Whitney test). (Reproduced from ref.
31 with permission.).

infarction, and 970 and 670 U/liter in those with inferi-
or wall infarction.

Global left ventricular function determined from con-
trast angiography. When the hemodynamic data of the
control group were compared with those of the throm-
bolysis group, almost all the variables listed in table 5
showed significant differences. The global left ventric-
ular ejection fraction in the thrombolysis group was on
average 6% higher (p = .0001) than in the control
group, mainly because of a smaller end-systolic vol-
ume in the thrombolysis group (41 vs 53 ml/m” in the
control group; p = .0004). In addition, the end-dia-
stolic volume was significantly higher and abnormal in
the control group compared with the thrombolysis
group (95 vs 84 ml/m*, p = .006), whereas mean
aortic pressure and heart rate were not different at the
time of the hemodynamic investigation. The differ-
ences observed in the entire group (n = 332) between
conventional and thrombolytic therapy remained pres-
ent to a significant degree after exclusion of those 65
patients who had had a previous infarction (40 in the
control group and 25 in the thrombolysis group).

Global and segmental function in anterior or inferior
infarction: thrombolysis vs conventional treatment. Table
D and figure 4 show the data from patients with inferior
infarction. The global ejection fraction shows an 8%
difference (p = .0001) in favor of the thrombolysis
group, and this difference in ejection fraction is due to
a significantly (p = .007) smaller end-systolic volume
(37 ml/m*) when compared with that of the control
group (48 ml/m?). In figure 4, A, the regional contribu-
tion to ejection fraction values of the patients with
inferior infarction assigned to thrombolysis are com-
pared with those assigned to conventional treatment.
Depressed regional contribution to ejection fraction
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values was observed in the inferoposterior wall (seg-
ments 11 to 18) as expected, whereas regional pump
function was significantly better in patients assigned to
thrombolysis, although it was not (yet) normal. In
these patients no difference was observed in regional
function of the anterior wall. Thus when the recanali-
zation 1s successful and the infarct-related vessel re-
mains patent, there is a significant improvement of
function of the inferior wall associated with the subsi-
dence of the initially compensatory augmented func-
tioning of the anterior wall. This latter phenomenon
was particularly prominent in the patients who under-
went the combined procedure of recanalization and
angloplasty (figure 4, B) in the acute phase.

In table 5 and figure 5, global and regional left
ventricular function of patients with anterior myocar-
dial infarction is shown. A significant (p = .0025) 7%
difterence 1n global ejection fraction was found be-
tween both groups due to a smaller end-systolic vol-
ume in the thrombolysis group (45 vs 60 ml/m® in the
control group; p = .006). As figure 5 clearly indi-

TABLE 5
Left ventricular hemodynamics before discharge

Throm-
Controls bolysis p value?

All patients (n = 332)

n 174 158

HR (bpm) 78+ 15 76 +13 NS

Mean AoP (mm Hg) 88 + 13 9015 NS

EDP (mm Hg) 20+9 20+ 8 NS

EDV (ml/m?) 95 + 37 84 + 33 .006

ESV (ml/m?) 5331 4127 .0004

EF (%) 47 + 14 53+ 13 .0001
Inferior infarction (n 184)

n 105 79

HR 77+ 16 7412 NS

Mean AoP 88+13 01+15 NS

EDP 19+ 8 18 =8 NS

EDV 91.%35 82+32 .07

ESV 48 + 28 3724 .007

EF 49 + 13 5711 .0001
Antenor infarction (n = 148)

n 69 79

HR 19%13 1713 NS

Mean AoP 87%13 89+ 14 NS

EDP 21 =10 21 %9 NS

EDV 101 =39 86+ 34 02

ESV 60 = 34 45 +29 006

EF 43+ 14 50*+13 .0025

Values are expressed as means = SD.

HR = heart rate; AoP = aortic pressure; EDP = end-diastolic
pressure; EDV = end-diastolic volume; ESV = end-systolic volume;
EF = ejection fraction.

AStudent test for unpaired data. Only p values below .1 are tabulated.
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FIGURE 4. A, Regional contribution to global ejection fraction in 20 segments of the left ventriculogram in patients with
inferior infarction. Shaded areas represent the normal range. The regional pump function of the inferior wall (segments 11 to 20)

in the thrombolysis-treated group (n = 79, solid line) is markedly less depressed than in the conventionally treated group (n
105, dotted lines). B, Change in regional contribution to global ejection fraction from the acute (solid line) to the chronic stage
(dotted line) in patients with an inferior infarction who underwent a combined procedure of thrombolysis and angioplasty (n =
6). C, Regional contribution of the inferior wall to global ejection fraction at the chronic stage in the control group and in the
thrombolysis group, according to the success of the recanalization at the acute stage and to the time elapsed from the onset of
. thrombolysis > 180 min (n = 41); ——, thrombolysis = 180 min

symptoms to treatment. -.-.-, Control (n = 105);
(n = 22). D, Regional contribution of the inferior wall to global ejection fraction at the chronic stage in the thrombolysis group (n

= 79), according to the initial success and late patency after thrombolysis either with or without angioplasty. -.-.-, Unsuccesstul

thrombolysis (n = 31);

(Reproduced from ref. 14 with permission.)

cates, this 7% difference in global ejection fraction in
favor of the thrombolysis group is essentially due to a

better regional pump function of the anterior wall and,

to a smaller extent, to better regional pump function of
the inferoapical segment (11 to 15) of the inferior wall

(figure 5, A).

The preceding analysis was based on original treat-
ment allocation, disregarding whether treatment was
actually given and whether reperfusion was achieved.
The actual effects of reperfusion can be better under-
stood when four subgroups of patients are compared:
(1) patients who refused the intervention or otherwise
did not undergo early angiography; (2) patients with
either unsuccessful recanalization or late reocclusion;
(3) patients with successful recanalization and late pa-
tency of the infarct-related vessel, and (4) patients who
underwent a successful recanalization, immediately
followed by angioplasty. For the patients in whom

Vol. 76(suppl 1I), August 1987

. successful thrombolysis (n = 41); . . ..

., angioplasty after successful thrombolysis (n = 7).

recanalization could not be achieved, the segmental
function of the anterior wall was the worst, whereas
the highest preservation of regional function of the
anterior wall was observed in those patients who un-
derwent a combined procedure of thrombolysis and
angioplasty (figures 4, D, and 5, D). The magnitude of
change in regional function at the infarct site was also
related to the time from the onset of chest pain to
treatment. Patients treated with thrombolytic therapy
within 3 hr had a significantly greater improvement
than patients treated later (figures 4, C, and 5, C). The
regional contribution to ejection fraction of the infarct
zone. either anterior or inferior, improved by at least
1.5%.

Follow-up. Clinicial follow-up ranged from 1 to 48
months after admission. Data presented in table 6 show
a 45% reduction of mortality after thrombolysis. This
was offset by a higher incidence of late reinfarction
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FIGURE 5. A, Mean values of regional contribution to ejection fraction in patients with anterior infarction (format as in figure
4). The regional pump function of the anterobasal, anteroapical, and inferoapical segments (1 to 10, 11 to 15) is significantly
better in the thrombolysis group (n = 79, solid line) compared with the group receiving conventional treatment (n = 69, dotted
line). B, Change in regional contribution to ejection fraction from the acute (solid line) to the chronic stage (dotted line) in
patients with an anterior infarction who underwent a combined procedure of recanalization and angioplasty (n = 17). C,
Regional contribution of the anterior wall to global ejection fraction at the chronic stage in the control and in the thrombolysis
group, according to the success of the recanalization at the acute stage and to the time elapsed from the onset of symptoms to
treatment. -.-.-, Control (n = 69); ----, thrombolysis > 180 min (n = 40): , thrombolysis = 180 min (n = 24). D,
Regional contribution of the anterior wall to global ejection fraction at the chronic stage in the thrombolysis group (n = 79),

according to the initial and late patency after successful thrombolysis either with or without angioplasty. -.-.-, Unsuccessful
thrombolysis (n = 15); , successful thrombolysis (n = 44); . . .

|

(Reproduced from ref. 14 with permission.)

and more frequent performance of late angioplasty or
bypass surgery after thrombolysis. The reduction in
mortality was present in all subgroups.

The subgroup of patients without early angiography
and those in whom recanalization failed fared worse
than those in whom recanalization was achieved. On
the other hand, there was only one death in 65 patients
with patent infarct-related vessels at angiography and
one death in 46 patients in whom coronary angioplasty
was performed immediately after thrombolysis. This
particular patient underwent thrombolysis and angio-
plasty of the left anterior descending artery. In spite of
treatment with anticoagulants and nifedipine, he de-
veloped postinfarction angina. After 7 days, the artery
was reoccluded at the same site and repeat coronary
angioplasty was carried out. After 31 days the patient

developed a new anteroseptal infarction and died from
intractable cardiogenic shock.
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. ., angioplasty after successful thrombolysis (n = 20).

Infarct size and treatment delay. In figure 6, HBDH
release 1s shown in relation to the interval between
onset of symptoms and hospital admission. In patients
assigned to the control group, HBDH release was inde-
pendent of the interval between onset of symptoms and
admission. On the other hand, we found lower enzyme
levels 1n patients assigned to thrombolysis within 2 hr
after the onset of symptoms. These data indicate a 51%
reduction of infarct size by thrombolysis in patients
admitted within | hr, a 31% reduction of infarct size
between 1 and 2 hr, and a 13% reduction between 2
and 4 hr after the onset of symptoms.

Infarct size and electrocardiographic assessment. The
correlation between the ST segment elevation and cu-
mulative HBDH release is almost linear in both
groups, and limitation of infarct size by streptokinase
1S greater in patients with a high sum of ST segment
elevation on the ECG at admission.™!
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TABLE 6
Clinical follow-up

INTRACORONARY THROMBOLYSIS

Patent/ Occluded/ Occluded/

Controls ~ Thrombolysis None patent patent occluded
n 264 269 35 65 133 36
Reinfarction 16 36 4 9 21 3
Early PTCA - 46 — |3 3l 2
Late PTCA/CABG 40 62 9 18 28 7
Total mortality 42 23 S 1 3 9
IC 23 17 4 - 6 7
IV + IC 19 6 l l 2 2
First MI only 26 11 2 | 3 5
Anterior MI 25 |2 3 - 4 5
Inferior Ml |7 [ 1 2 l 4 4

Major complications (mortality and nonfatal recurrent infarction) and bypass surgery (CABG) or percutaneous transluminal

coronary angioplasty (PTCA) in patients with acute myocardial infarction (MI) allocated to conventional treatment (controls) or

thrombolysis. Mortality is shown for patients admitted before (IC thrombolysis) or since (IV + 1C thrombolysis) January 1934

Patients assigned to thrombolytic treatment are subdivided according to the results of the intervention (see also table 3).

The combination of ST segment elevation and dura-
tion of symptoms is given in figure 7. This shows that
limitation of infarct size is greatest in patients admitted
within 2 hr after onset of symptoms with an ST seg-
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2700 A thrombolyslis
2000 1
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FIGURE 6. Median and 50% range (first to third quartile) of
HBDHQ?72 in patients assigned to thrombolysis or conventional treat-
ment in relation to the time interval between onset of symptoms and
randomization. The numbers denote the number of patients in each time
interval. (Reproduced from ref. 31 with permission.)
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ment elevation of 12 mm or more (620 U/liter). Limi-
tation of infarct size was less pronounced 1n patients
admitted after 2 to 4 hr with ST segment elevation of
12 mm or more (460 U/liter) and in patients admitted
within 2 hr with ST segment elevation less than 12 mm
(300 U/liter). In the subset of patients with ST segment
elevation less than 12 mm, admitted after 2 to 4 hr, no
limitation of infarct size was observed.

Infarct size and prognosis. Among a total of 533
patients randomized in the study, 65 (12%) died within
| year after onset of chest pain. In 32 of them, 3 day
survival data made it possible to calculate HBDHQ?72
in patients who died in the first year after infarction;
median HBDHQ72 was 84% higher (p = .0001)
in patients who died within 1 year than in | year
survivors.™

Global left ventricular function determined from radio-
nuclide angiography. Left ventricular ejection fraction
was measured by radionuclide angiography between
days 2 and 4 in 416 patients and before hospital dis-
charge in 360 patients. Missing data were equally dis-
tributed between the two treatment groups and were
due to death, transfer to other hospitals, patient refus-
al, unavailability of the gamma camera, or other ad-
ministrative reasons. The results in table 7 indicate no
change in global left ventricular ejection fraction be-
tween the second day and hospital discharge in the
control group. In thrombolysis-treated patients left
ventricular ejection fraction before discharge was be-
tween 3.7 = 9.0% higher than at the first measure-
ment. Accordingly, left ventricular ejection fraction
after 10 to 20 days was approximately 4% higher when
thrombolysis was compared with conventional treat-
ment. This difference was significant in the whole
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group, 1n patients treated with intracoronary thrombol-
ysis only, in patients with a first infarction, and in
patients with anterior and inferior infarction. Similarly
a 6% greater ejection fraction was found during cardiac

TABLE 7
Radionuclide angiography

n Controls n  Thrombolysis p value

All patients

Days 2-4 99 42+ 15 217 45 + 148 05

Days 10-20 171 44+ 15 | 89 48 + 158 003

ALVEF 40 0.9+114 160 3o iGN 0001
[ntracoronary thrombolysis

Days 2-4 [13 41 = 14 123 45 + 148 .04

Days 10-20 93 42+ 14 96 48 = 148 003

ALVEF 78 0.6+ 104 82 D 80 0001
Intravenous + intracoronary thrombolysis

Days 2-4 86 44 + 14 04 46 = 148

Days 10-20 78 45+ 16 93 48 + 158

ALVEF 62 |.3:%&:13% 78 3HE11 005

First infarction
Days 2-4 59 44 + 14 | 79 47+ 138 .04
Days 10-20 137 46+ 15 [58 50+ 148 .009
9

ALVEF 12 2] 2R |37 3.6:+04 0001
Anterior infarction

Days 2—4 86 34+13 99 39+ 1358 .02

Days 10-20 67 35+ 14 89 44+ 168 0004

ALVEF 57 .2 +0A 70 4.9+ 9A 0001
Inferior infarction

Days 2-4 113 49 + |2 118 50+ 128

Days 10-20 104 49+ 12 100 52z 1238 .07

ALVEF 83 0.7 %13~ 90 2.8 +04 .005

Radionuclide left ventricular ejection fraction (LVEF) measured 2 to
4 days after infarction and before hospital discharge (10 to 20 days).

ALVEF = sequential change in ejection fraction between the two
measurements 1n patients in whom both were available.

*p value, paired t test for ALVEF; Bp value, unpaired t test for
comparison of controls and thrombolysis. Only p values less than .05
are reported. No significant differences were observed in controls,
while LVEF improved in thrombolysis treated patients. In the control
group ALVEF did not reach statistical significance in any subgroup.
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FIGURE 7. Median values and quartiles of enzy-
T matic infarct size in four subsets of patients in both
treatment groups. Limitation of infarct size 1S most
T prominent in patients with a high sum of ST segment
elevation on the ECG at admission and in patients
660 680 admitted within 2 hr after onset of symptoms. (Re-

produced from ref. 41 with permission.)
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catheterization in the thrombolysis group. Again,
these differences were similar in patients with a first
infarct only and in patients with anterior or inferior
wall infarction upon admission and in both treatment
protocols.

The 46 patients who underwent a subsequent at-
tempt at angioplasty after intracoronary streptokinase
showed a dramatic increase in the ejection fraction
from days 2 to 4 (40 = 13%) to days 10 to 20 (48 =+
14%; p = .05) and to 3 months (53 *+ 12%:p = .05).
This increase was even more pronounced in the 29
patients with anterior wall infarction from days 2 to 4
(35 = 11%) todays 10to 20 (43 = 14%;p = .05) and
to 3 months (52 = 16%; p = .05).

Discussion

T'hese results show for the first time in a large ran-
domized multicenter trial that early recanalization of
an occluded coronary artery in the acute phase of a
myocardial infarction leads to recanalization of an oc-
cluded coronary artery, limitation of infarct size, im-
provement of left ventricular function, and reduction
of 1 year mortality. Most benefit of recanalization was
observed in patients with extensive myocardial ische-
mia, as reflected by a high sum of ST segment eleva-
tion on the ECG at admission, who were admitted
within 2 hr after onset of symptoms.

Criticisms of study design. Although several open
clinical trials**~*" have aroused great interest and rekin-
dled enthusiasm for reperfusion, their interpretation is
fraught with difficulty as selected patients with suc-
cessful thrombolysis were compared with patients with
persistent occlusions. Such interpretation can carry
considerable bias, which can be overcome only by
means of randomized trials and analysis of the data on
an “intention to treat” basis. However, in such a trial it
1s difficult to follow the sequence: determination of
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patient eligibility, coronary arteriography, randomiza-
tion, and attempted reperfusion of patients randomly
assigned to special therapy. In this sequence, patients
with evolving infarcts who are assigned to convention-
al therapy would be obliged to undergo emergency
coronary arteriography without sufficient potential
benefit to outweigh the attendant risk. To overcome
this difficulty we randomized all patients who were
eligible on clinical grounds but obtained consent for
performing coronary arteriography only from those as-
signed to reperfusion therapy. This procedure has been
proposed by Zelen for the comparison of a new meth-
od of treatment with an accepted mode of therapy.
Data analysis was based on original treatment alloca-
tion. Therefore the 35 patients who did not undergo
early angiography were analyzed as part of the throm-
bolysis group. This subgroup included a few patients
in shock who refused the intervention because they
wanted “‘to be left alone.” This i1s reflected by the
relatively high mortality in this group: five out of 35
patients (table 6). Since similar patients must be part of
the control group, removal of this subgroup from the
intervention group would falsely favor the effect of
thrombolytic treatment. Yet it is evident that these
deaths are not related to the thrombolytic therapy.

The interpretation of this study might be questioned
because of changes in the protocol in January 1984, the
inclusion of percutaneous transluminal coronary an-
gioplasty in some of the patients, missing data, the
lack of coronary arteriography at admission 1n the con-
trol group, and the absence of direct measurement of
baseline left ventricular function. These points will
therefore be discussed in detail.

Because the aim of the trial was not to study the
effect of intracoronary streptokinase itselt but rather to
study the effect of early reperfusion, we decided to
combine both intravenous and intracoronary thrombol-
ysis in the later patients, when it became apparent that
the preparation of the catheterization laboratory, the
introduction of catheters, and the first angiogram
delayed the administration of streptokinase by ap-
proximately 1 hr, while several reports indicated that
recanalization could be achieved by intravenous strep-
tokinase.''™" Direct perforation of the thrombus was
attempted in five patients, and coronary angioplasty
was performed in addition to the streptokinase infusion
in 46 patients. This intervention was considered an
integral part of the recanalization procedure, since ear-
lier observations indicated that patients with residual
subtotal stenosis after thrombolysis are at increased
risk for reocclusion, which would negate the effect of
thrombolysis.”® Angioplasty was not associated with
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complications. In fact, HBDH release after angio-
plasty was lower and left ventricular ejection fraction
was higher than in patients in whom only thrombolysis
was carried out. Therefore it is likely that the benefi-
cial effects of thrombolysis in the present study would
have been less apparent without additional angio-
plasty. No patients were lost to follow-up with respect
to mortality or major clinical events, which represent
the major end points of the study. Data on left ventricu-
lar function were missing because of death of the pa-
tients, patient refusal, transfer to other hospitals, lack
of technical facilities at the required time, or interven-
ing bypass surgery. It is unlikely that this would invali-
date the results, since missing data were equally dis-
tributed between the two groups and since similar
differences were observed between patients allocated
to thrombolysis and controls in various subgroups.
Moreover, there were no differences in baseline data
between patients with or without measurements of left
ventricular function.

In contrast with other trials,”*' no early angi-
ography was performed in the control group. There-
fore the coronary anatomy at admission in these pa-
tients could not be studied. This procedure was elected
because early angiography is not part of conventional
management of myocardial infarction. In fact, angi-
ography might expose these patients to a small but
pertinent risk, which could worsen prognosis in the
control group.** Similarly, it was not attempted to de-
termine left ventricular function by radionuclide an-
giography upon admission, since this would have de-
layed the intervention that could diminish the possible
salutary effects of recanalization.

Myocardial enzyme release. Total HBDH release in 72
hr was calculated as a measure of infarct size by a two-
compartment model,”"" which enables us to calculate
the cumulative activity released from the infarcted
myocardium into the plasma space for each cyto-
plasmic (iso)enzyme. The method has proved its value
to assess myocardial damage induced by surgical and
cardioplegic procedures™ ™ and to assess the rela-
tionship between enzymatic infarct size and occur-
rence of pump failure, electrocardiographic changes,
conduction and rhythm disturbances, global left ven-
tricular function, wall motion abnormalities, and |
year survival.™

In the present study a 30% median reduction of
HBDH release was observed in the thrombolysis
group. This supports the hypothesis that myocardial
tissue can be salvaged by early thrombolysis.

Anderson et al.,”' who measured serial activities of
several (1so)enzymes 1n serum, calculated the integrat-
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ed concentrations of serum LDH and serum LDH-1
and did not find significant differences between throm-
bolysis-treated and control patients. However, recal-
culation of released quantities of LDH and LDH-1 with
the method used in the present study yielded a smaller
infarct size after thrombolysis of 20% and 40% with
LDH and LDH-1 respectively. This 1s in agreement
with the better left ventricular ejection fraction after
thrombolysis reported by Anderson et al.>' It is evident
that reported enzyme washout data cannot be readily
compared without adequate background information.

Left ventricular function. Global left ventricular ejec-
tion fraction was measured by contrast and radionu-
clide angiography. Both methods showed higher ejec-
tion fractions at 2 weeks after thrombolysis compared
with conventional therapy. This improvement was
seen 1n inferior wall as well as in anterior wall infarc-
tion and applied to patients with a first infarct as well as
to patients with recurrent infarction. Some difference
between the two groups was already apparent in left
ventricular ejection fraction measured by radionuclide
anglography after 2 to 4 days (table 7), although these
were of borderline significance. Although no measure-
ments of ejection fraction were done at admission, we
may presume that these were similar in both groups,
since other baseline data were also evenly distributed.
The data thus indicate a gradual recovery of left ven-
tricular function during the first 2 weeks after reperfu-
sion.” The differences in ejection fraction between the
two groups of patients were small (4%). However, the
global left ventricular ejection fraction 1s related to the
function of both the infarcted myocardium and other
areas. Thus changes in the infarcted area may be un-
derestimated because of compensatory changes else-
where. The improvement of left ventricular function
after thrombolysis 1s supported by analysis of regional
wall motion and by the smaller end-diastolic and end-
systolic volumes after thrombolysis, measured by con-
trast angiography.

The results of the five reported but smaller random-
ized trials with intracoronary streptokinase'™ '’ -
conflict with the data presented here (table 8). Khaja et
al.”” found that intracoronary streptokinase was more
effective than placebo (intracoronary infusion of dex-
trose) 1n achieving reperfusion, but they detected no
difference in left ventricular function at 12 days and at
5 months. Kennedy et al.,'” Leiboff et al.,” and
Raizner et al.?' also demonstrated no difference in the
radionuclide ejection fraction at discharge in patients
with anterior or inferior myocardial infarction treated
with intracoronary streptokinase or controls, although
they achieved reperfusion and decreased mortality. In
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TABLE 8

Radionuclide left ventricular ejection fraction (%) of the seven
randomized trials

Controls Thrombolysis

Early Late A Early Late A

ICI 43 44 | 44 48 4
Anderson et al.'® 42 39 -3 43 47 4
Leiboff et al.'” 42 41 — 1 46 43 -3
Kennedy et al.!’ 46 47 1 47 48 l
Khaja et al.'? 36 37 1 45 45 0
Raizner et al.?’ 48 50 2 43 46 3
Rentrop et al.*° — - =1 e 2

See also table 2.

all these studies the intervention was instituted much
later than the current one (table 2). The median interval
between the onset of symptoms and angiographic doc-
umentation of a patent infarct-related vessel in the
present study was 200 min whereas the other two ma-
jor trials included patients up to 12 hr after the onset of
symptoms. In the studies of Khaja et al."® and Raizner
et al.,”' the time periods between chest pain and onset
of streptokinase infusion were 5.4 and 5.6 hr, respec-
tively; in the Western Washington Trial the mean time
until randomization and the start of streptokinase infu-
sion was 276 min,'" '* whereas Rentrop et al.* started
Intracoronary streptokinase an average of 350 min
after the onset of symptoms.*

The shorter delay achieved in our study is also re-
flected by the higher recanalization rate (79%) com-
pared with that of the Western Washington Trial (68%)
(table 2). These differences with this only other large
randomized trial (250 patients) may be crucial, since
they confirm experimental data that recovery of ische-
mic myocardium cannot be achieved after 4 hr of coro-
nary occlusion.”

Schwartz et al.* clearly demonstrated no benefit
from late reperfusion (4 hr), which is in agreement
with all animal experiments.”* > They,* Anderson et
al.'® and we agree in demonstrating streptokinase to
have a major beneficial effect on the left ventricular
function provided it is given within 4 hr after onset of
symptoms.

The magnitude of change in regional function in the
infarct zone was also significantly influenced by the
time elapsed between the onset of chest pain and the
actual recanalization. Patients with an infarct-related
vessel recanalized within 3 hr had significantly greater
improvement than patients treated later. The regional
contribution to ejection fraction of the infarct zone
improved by at least 1.5% in patients treated within 3
hr with either anterior or inferior infarction. As recent-
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ly demonstrated by Mathey et al.,” thrombolysis
should be administered within 2 hr after the onset of
symptoms to obtain maximal recovery of ventricular
function. Improvement of left ventricular function was
related to the same factors as limitation of enzymatic
infarct size. However, the clinical implication of an
improvement in global ejection fraction was greater in
patients with impaired left ventricular function than 1n
patients with normal left ventricular function.” The
most important clinical improvement was seen in pa-
tients with anterior infarction (46% vs 34%; p =
.0001) and in patients with previous myocardial infarc-
tion (41% vs 34%; p = .09). The greatest improve-
ment was found in patients with ST segment elevation
of 12 mm or more, whereas in the subset of patients
with less than 12 mm ST segment elevation and ad-
mitted 2 to 4 hr after the onset of symptoms, no 1m-
provement in global ejection fraction was seen.”

The inclusion of mechanical perforation and coro-
nary angioplasty as part of the recanalization proce-
dure and the introduction of intravenous administra-
tion of streptokinase in the second treatment arm
before the cardiac catheterization provide another ma-
jor difference with previously reported studies. Angio-
plasty was used in two of the five participating hospi-
tals that had extensive experience with this procedure.
It was carried out when residual obstruction was con-
sidered to be 60% or more after thrombolysis® ' to
prevent reocclusion. Patients so treated had a lower
mortality and a lower incidence of reintarction than
patients treated successfully with streptokinase alone.
Although these results may be biased by the selection
of patients with lesions suitable for angioplasty and
who were hemodynamically stable after thrombolysis,
these findings are in agreement with earlier observa-
tions that the recovery of regional left ventricular func-
tion is greatest in patients with a minimal residual
stenosis after the intervention.””>* Experimental stud-
ies have also shown that restriction of flow during
reperfusion results in relative underperfusion of, and
continued ischemia in, the subendocardium.”

These results also indicate that reperfusion may
need to be supplemented by additional revasculariza-
tion procedures such as angioplasty to optimize the
chances of obtaining full functional recovery. Its bene-
ficial effects evident in this large series of patients
studied over an extended period might help to explain
the observed reduction (from 16% to 9%) in 1 year
mortality.”" ®

Clinical course and follow-up. Survival was improved
significantly by early thrombolysis. Three month mor-
tality was high in patients admitted with Killip class 111
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or IV at admission (64%), in patients with high ST
segment elevation (16%), in patients with previous
myocardial infarction (41%), and 1n patients with ante-
rior infarction (18%) who were allocated to conven-
tional treatment.*' Clinically important reduction of
early mortality was found only in these groups of pa-
tients. In the other subgroups early mortality was
below 5% in the control group, so no important reduc-
tion of early mortality could be expected. Further-
more, there was a borderline significant reduction of
heart failure and shock in patients allocated to throm-
bolysis. These data are in agreement with the observed
reduction of infarct size and preservation of left ven-
tricular function. Actually, the 1 year survival rates are
very similar to those reported by the Western Washing-
ton Trial,*" although these authors did not find differ-
ences in infarct size or left ventricular function.'’

Unfortunately, these beneficial eftects of thrombo-
lytic therapy on survival were offset by a higher inci-
dence of reinfarction, particularly in patients with an
inferior wall infarction.® Since reinfarction occurred
in some of the patients in spite of adequate anticoagu-
lation or after successful angioplasty, further studies
are warranted to determine the optimal mode of treat-
ment after thrombolysis. Bleeding after thrombolytic
treatment occurred frequently at puncture sites but did
not result in significant morbidity.*

Prognostic implications. The Multicenter Postinfarc-
tion Research Group® reported better | year survival
after myocardial infarction in patients with higher glo-
bal ejection fraction, independent of the extent of coro-
nary disease. Similar data were found in a follow-up
study of 449 hospital survivors at the Thoraxcenter
(personal communication, P. Fioretti). When the re-
sults of these studies are pooled, a curvilinear relation-
ship between the one year mortality rate and global
ejection fraction can be constructed (figure 8). When
the currently observed improvement of left ventricular
ejection fraction from 47% in controls (estimated prob-
ability of cardiac death 0.050) vs 53% in patients allo-
cated to thrombolysis (estimated probability of cardiac
death 0.037) is interpreted in this manner, the 1 year
mortality should indeed be reduced by 24% after
thrombolysis, a projection that corresponds to our ob-
servations. Thus the explanation for the reduced mor-
tality must in the main be ascribed to the restoration of
left ventricular function rather than by any other
mechanism. Although the measurements of infarct
size and left ventricular function used in this study
might be criticized, the consistency of the observations
supports the true benefits of early thrombolysis in pa-
tients with myocardial infarction. In contrast with oth-
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FIGURE 8. One year mortality as a function of radionuclide ejection
fraction (%) measured at hospital discharge after acute myocardial in-
tarction. Dotted lines represent the corresponding 95% confidence in-
terval. The calculations are based on pooled data from the Multicenter
Postinfarction Research GI‘UUPM and the Thoraxcenter (personal com-
munication; P. Fioretti, 1985). (Reproduced from ref. 14 with permis-
sion.)

er studies that were either too small'" ™ ' ' or initiat-

ed treatment later after the onset of symptoms,'” '* %
our data demonstrated a 30% smaller infarct size esti-
mated from myocardial enzyme release as well as pres-
ervation of left ventricular function documented by
contrast angiography and radionuclide angiography in
patients assigned to early thrombolytic therapy and a
reduction of early and late mortality. Future studies
should investigate whether similar results can be ob-
tained by intravenous infusion of newer thrombolytic
drugs such as tissue-type plasminogen activator.®

Finally, strategies should be developed for early
recognition of the symptoms of myocardial infarction
by the patient and for immediate intervention, since
myocardial salvage is attainable only if myocardial
blood flow 1s restored within the first few hours of
infarction.

Appendix

Participating centers and collaborators

Thoraxcenter, Erasmus University and University Hospital
Dijkzigt, Rotterdam: Marcel J.B.M. van den Brand, M.D.. Pim
J. de Feyter, M.D., Paolo Fioretti, M.D., Paul G. Hugenholtz,
M.D., Patrick W. Serruys, M.D., Maarten L. Simoons, M.D.,
Haryanto Suryapranata, M.D., and William Wijns, M.D.

Department of Cardiology, Free University, Amsterdam:
Machiel J. van Eenige, M.Sc., Jan C. J. Res, M.D., Jan P.
Roos, M.D., Freek W. A. Verheugt, M.D., Frans C. Visser,
M.D., and Ernst E. van der Wall, M.D.

Department of Cardiology, Zuiderziekenhuis, Rotterdam:
Diederik C. A. van Hoogenhuyze, M.D., X. Hanno Krauss,
M.D., Dick A. C. M. Kruyssen, M.D., Willem J. Remme,
M.D., and Cock J. Storm, M.D.

Department of Cardiology, St. Annadal University Hospital ,
Maastricht: Frits W. H. M. Bir, M.D., Simon H. J. G. Braat,
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M.D., Pedro Brugada, M.D., Karel den Dulk, M.D., Wim T.
Hermens, M.Sc., Mercedes Ramentol, M.D., Hein J. J. Wel-
lens, M.D., Geert M. Willems, M.Sc., and Chris de Zwaan,
M.D.

Department of Cardiology, University Hospital, Leiden: Ber-
end Buis, M.D., Jos G. Engbers, M.D., and Arnoud van der
Laarse, Ph.D.

Data Processing Center, Thoraxcenter, Erasmus University,
Rotterdam: Aida J. Azar, M.P.H., Brenda Bos, Sophia van der
Does, Ron T. van Domburg, M.Sc., Gerrit A. van Es, M.Sc.,
Jacobus Lubsen, Ph.D., Jan P. van Mantgem, M.D., Karel J.
de Neet, M.D., Max Patijn, M.Sc., Juan Planellas, M.D., Jan
G. P. Tyyssen, M.Sc., Frank Vermeer, M.D., Anncke A. Wa-
genaar, and Inge C. J. Zorn.
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