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An intravenous infusion of 40 mg of recombinant tis- 
sue-type plasminogen activator (t-t-PA) was given 
intravenously over 90 minutes to 123 patients with 
acute myocardial infarction (AMI) of less than 4 
hours’ duration. A coronary angiogram was record- 
ed at the end of the infusion in 119 patients. Central 
assessment of the angiograms revealed a patent in- 
farct-related artery in 78 patients (patency rate 
66%, 95% confidence limits 57 to 74%). Patients 
with a patent infarct-related artery at the first angio- 
gram were randomized in a double-blind manner to 
receive a subsequent B-hour infusion of either 30 
mg of rt-PA or placebo. All patients had received an 
initial bolus of 5,000 IU of heparin and then 1,000 

Ill/hour until a second angiogram was recorded 6 to 
24 hours after the start of the second perfusion. At 
central assessment of the second coronary angio- 
gram the reocclusion rate was 2 of 36 patients who 
received II-PA at the second infusion and 3 of 37 
patients not receiving this drug (or the 2 groups 
combined 7%, 95% confidence limits 2 to 15%). 
Three of 60 patients (5%, 95 % confidence limits 1 
to 14 % ) with patent arteries on both previous an- 
giograms had a later occlusion as judged on the an- 
giogram recorded at hospital discharge. No differ- 
ence in late reocclusion rates between the 2 
treatment groups was observed. 

(Am J Cardiol 1987;60:231-237) 

A cute coronary thrombolysis with recombinant hu- 
man tissue-type plasminogen activator (rt-PA] has 
been shown to be practicable and effective,*-5 but un- 
certainty persists about the most effective dosage 
schedule, both in terms of total dosage and distribution 
in timeeG To be clinically relevant, thrombolysis re- 
quires not only early recanalization, but also long-term 
maintenance of patency of the infarct-related artery. 
Different studies have shown widely varying rates of 
coronary reocclusion during the first hours or days 
after thrombolysis as documented by repeat angiogra- 
phy.7-2J The present trial was performed to determine 
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the early and late predischarge reocclusion rates after 
patency of the infarct-related artery had been shown 
by coronary angiography in patients with acute myo- 
cardial infarction [AMI) treated with intravenous rt- 
PA. Because reocclusion was reported to occur within 
1 hour after cessation of the rt-PA infusion6 an early 
repeat catheterization was planned at the end of the 
second infusion: 6 hours after start of the second infu- 
sion, the latest after 24 hours. A second aim was to 
assess whether a continued infusion with rt-PA over 6 
hours could prevent early and late reocclusion and 
further reduce residual stenosis as measured by quan- 
titative coronary angiography. The results of the quan- 
titative angiography, performed with a computer-as- 
sisted cardiovascular angiography analysis system 
(CAAS], are reported separately.25 

Methods 
Patients and management: Inclusion and exclu- 

sion criteria were the same as for the first 2 European 
231 
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trials2v3 except that a previous myocardial infarction in 
a different location did not disqualify the patient for 
the present study and that all patients had to enter the 
trial within 4 hours of the onset of pain. 

All consenting patients were registered by tele- 
phone at a central allocation service. After blood sam- 
pling for coagulation and other assays, an intravenous 
bolus of 5,000 IU of heparin was given and was fol- 
lowed by an intravenous infusion over 90 minutes of 
40 mg rt-PA (G-11021, Genentech Inc., supplied by 
Boehringer Ingelheim International GmbH]. Cardiac 
catheterization was performed as previously reported3 
and the first selective coronary angiogram was record- 
ed between 75 and 90 minutes after the start of the rt- 
PA infusion. Coronary angiograms were recorded on 
35-mm tine film in all patients except in 10 for whom 
high-resolution videotape was used for the go-minute 
angiogram. After angiography, the local cardiologists 
made a decision as to whether they regarded the in- 
farct-related vessel as patent or occluded. Patients 
with a patent infarct-related artery were given heparin 
as a continuous intravenous infusion of 1,000 III/hour 
for at least 24 hours or until the second angiogram was 
recorded and were randomized to receive in a double- 
blind manner either an additional infusion of 30 mg rt- 
PA or placebo over 6 hours. Numbered treatment 
packages contained either rt-PA or an indistinguish- 
able placebo. Allocation was balanced at each clinic. 

Assessment of coronary arteriograms: For the an- 
giograms at 6 to 24 hours and before discharge the x- 
ray system was repositioned in projections corre- 
sponding as closely as possible to those recorded 
during the initial angiogram. Angiograms were record- 
ed in multiple views, including hemiaxial views for 
the left coronary artery. The infarct-related seg- 
ment was identified for all films on the basis of elec- 
trocardiographic and angiographic evidence during a 
central assessment by teams of 3 assessors (D de B 
and PS), 2 of whom were always present to maintain 
consistency. 

Qualitative assessment of patency was performed 
using a predetermined code: 0 = normal vessel with 
complete filling of distal vessels within 3 cardiac cy- 
cles ; 1 = less than 50% diameter stenosis with com- 
plete filling of distal vessels within 3 cycles; 2 = diame- 
ter stenosis between 50% and 90% with complete 
filling of distal vessels, not through collaterals, within 3 
cardiac cycles: 3 = severe stenosis greater than 90%, 
but distal vessels fill completely, not through collater- 
als, within 3 cardiac cycles; 4 = subtotal occlusion, no 
distal filling within 3 cardiac cycles; 5 = total occlusion 
with or without collateral distal filling. Patency of an 
infarct-related artery was assessed at the first techni- 
cally adequate contrast injection and classified as pat- 
ent in case of grade 0, 1,2 or 3 and as occluded in case 
of grade 4 and 5. 

Serial electrocardiograms and blood samples for 
cardiac enzyme analysis were taken to confirm the 
diagnosis of myocardial infarction. Blood samples for 
central assessment of coagulation factors and rt-PA 
activity were collected. Coronary angiography was re- 
peated between 6 to 24 hours after start of the second 
infusion and at the time of hospital discharge. 

Number of pts 
enrolled in study 

N= 123 

Blood coagulation and fibrinolytic assays: Blood 
samples for analysis in the central coagulation labora- 
tory were collected in all patients admitted to the trial 
before and 60 and 90 minutes after the start of rt-PA 
infusion. In randomized patients, further blood sam- 
ples were obtained 2,4,6 and 24 hours after the start of 
the second infusion (rt-PA or placebo). Tubes for blood 
collection were provided containing 0.5 ml sodium ci- 
trate [final concentration 0.01 M/liter). Processing and 
storage of blood samples and methods to assess coagu- 
lation and fibrinolytic components were as described 
previously. 3,4 The normal values for fibrinogen in 
plasma is 2 to 4 g/liter and for fibrinogen degradation 

Angio performed 
after 1 st rt - PA infusion 

Angio NOT performed 
atter 1 st rt _ PA infusion 

products in serum less than 8 mg/liter. 
Trial size. data acauisition and statistical analvsis: 

Data collection and kalysis were performed b; an 
autonomous data center, independent of the investiga- 
tors and the sponsor Boehringer Ingelheim Interna- 

Cases with IRV Cases with IRV 
OCCLUDED 1st angio 

tional. Continuous data are presented as medians and 
OPEN 1st angio 
(locally assessed ) ( locally assessed ) ranges: 95% confidence interval of the differences be- 

N-86 Nz33 
I 

tween proportions are given.26 

1 RAN~MfsED 1 $$ infusion started Eleven European centers entered 123 patients in 
the study over a B-month period. Mean age was 56 
years and median duration from onset of sykptoms to 
initiation of rt-PA infusion was 2.5 hours (range 0.9 to 
4.2). Enzyme data at admission were normal. The full 
dose of rt-PA was administered in all patients except 
in 1 because the catheterization laboratory was being 

FIGURE 1. Flow diagram of patients in whom rt-PA infusion was used for an emergency. Technical or vascular prob- 
given. Subsequent randomization based on local assessment of the lems prevented coronary angiography in 3 patients. 
patency of the infarct-related artery at first angiogram. IRV = in- Thus, angiography at 96 minutes after the start of the 
far&related vessel. rt-PA infusion was completed in 119 patients (Fig. 1). 
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Patency rate at 90 minutes: Central assessment of 
the 119 coronary angiograms revealed a patent infarct- 
related artery in 78 patients (patency rate 66%, 95% 
confidence intervals 57 to 74%). Figure 2 shows the 
disagreement between locally and centrally assessed 
patency of the first angiogram. The local cardiolo- 
gists considered the infarct-related artery to be patent 
in 8 patients who were randomized to receive a se- 
cond infusion of rt-PA (5 patients) or placebo (3 pa- 
tie,nts). According to the central angiography evalua- 
tion group, the criteria for patency in these 8 patients 
were not fulfilled either because of sluggish flow in a 
distal vessel (grade 4 in 3 patients allotted to rt-PA for 
second infusion), because the vessel only became pat- 
ent during later contrast injections (3 patients receiv- 
ing placebo for second infusion], or because of com- 
plete occlusion (1 patient allotted to rt-PA for second 
infusion]. 

Of the 86 patients locally judged to have a patent 
infarct-related artery at initial catheterization, 82 re- 
ceived further heparin and were randomized to either 
an additional rt-PA infusion (n = 42) or placebo (n = 
40). Four patients were not randomized: 2 because of 
emergency coronary bypass surgery, 1 because of im- 
mediate percutaneous transluminal coronary angio- 
plasty (PTCA) and 1 because of hemodynamic deterio- 
ration (Fig. 1). Analysis of baseline characteristics 
shows that randomization was successful in segregat- 
ing similar groups for the second infusion given in a 
blinded manner (Table I]. Among patients receiving 
rt-PA the infusion was stopped in 3 because of a large 
hematoma in the groin, in 1 patient because of emer- 
gency PTCA for clinical signs of reocclusion 5 hours 
after start of the second infusion, and in 1 patient for 
an unreported reason. In the placebo group 2 patients 
did not receive the full dose, 1 patient because of he- 
modynamic deterioration and 1 because of reappear- 
ance of chest pain subsequently treated with acylated 
streptokinase-plasminogen complex intravenously. 

Reocclusion rate at 6 to 24 hours after start of the 
second infusion: Between 6 to 24 hours after the start 
of the second infusion, angiography was performed in 
79 of 82 patients allocated to a second infusion of either 
rt-PA or placebo. In 3 patients coronary angiography 
was not performed because of coronary artery bypass 
grafting, hypotension and impossibility to pass the aor- 
ta bifurcation. The median interval between the start 
of second infusion to 6- to 24-hour angiography was 13 
hours, 30 minutes (9070 range 6 hours 28 minutes to 24 
hours 12 minutes) for the rt-PA group and 15 hours, 6 
minutes (90% range 6 hours 9 minutes to 24 hours] for 
the placebo group. 

At the end of the initial rt-PA infusion the number 
of patients with a patent infarct-related vessel (assess- 
ment of angiographic review panel] who showed at the 
6- to 24-hour angiogram an occluded infarct-related 
artery was identical in both treatment arms [Fig. 21: 2 of 
36 patients (6%, 95% confidence interval 1 to 19%] 
randomized to rt-PA at second infusion and 2 of 23 in 
the placebo group showed an occluded infarct-related 
artery (5%,95% confidence interval 10 to 19%). One of 
the z patients who had a patent-infarct related artery at 
the first angiogram and did not receive a second infu- 

TABLE 1 aseline Characteristics (Median and Range)-Cases 
in Which1 the First Angiogram was Performed and Found to be 
Open as Locally Assessed and Second infusion Started 

rt-PA at Placebo at 

2nd Infusion 2nd Infusion 
(n = 42) (n = 40) 

All 

Others 

(n = 41) 

Male 35 33 32 
Age Cur) 56 55 56 

(33-68) (31-70) (34-69) 
Time from onset AMI 

to start of 1st 2.3 2.7 2.4 
infusion (hr) (0.9-4.2) (1.2-4.0) (1.3-4.5) 

Previous AMI 3 1 2 
Pulmonary rales 11 4 8 
Medication within 6 hrs 

before start of 1st 
r&PA infusion 

Nitrates (sublingual) 9 11 6 
Nitrates (intravenous) 11 10 14 
Beta blockers 1 0 2 
Calcium antagonists 9 Ii 5 

AMI = acute myocardial infarction. 

sion underwent repeat catheterization at 6 to 24 hours 
and had an occluded coronary artery. This resulted in 
an overall 6- to 24-hour reocclusion rate of 7% (5 of 73 
patients, 95% confidence interval 2 to 15%). 

1 *t mg,o Zndanglo 6-24h after 
aft.< r1 -P& SBco”d mtus,on 

Cases receiving rt -PA for second infusion, Nz42 

4 34 O 7 ‘f 4 5r 
37 0 2 9 

\I I 1 I 

5 0 

Cases receiving placebo for second infusion, N=40 

3 0 

Casrs receiving no second infusion, Ns: 37 

1 0 
4 0 4 1 A 1). 

\ 2- 21 

33 0 

FIGURE 2. Status of infarct-related coronary artery at the first, 

second and third coronary angiogram as assessed by the angio- 
graphic evaluation group. Status of the infarct-related vessel: cir- 
c/es, open, dofs, closed; triangles, patent after intervention; and 

dash, missing film. Results of the follow-up angiograms performed 

in patients with an occluded infarct-related vessel are not reported 

in this figure. 
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TABLE II Patients with an Event During Entire Hospital Stay 

r&PA at Placebo at All 

2nd Infusion 2nd Infusion Others 

(n = 42) (n = 40) (n = 41) 

Ventricular fibrillation 8 2 3 
Ventricular tachycardia 13 10 5 

(exceeding 100 beatslmin) 
Chest pain or exacerbation 7 6 13 

of chest pain at rest 
Definite reinfarction 1 1 2 
Fall in systolic BP 5 9 8 

<90 mm Hg 
Pulmonary edema 3 2 2 
Mortality 1 1 4 
Bleeding* 

Hematoma (Xi cm diameter) and/or 12 9 7 
prolonged bleeding at puncture sites 

Retroperitoneal bleeding 1 
Hematuria 3 1 
Gum bleeding - 1 1 

Blood or plasma transfusion given 1 3 3 
Additional interventions 

at 1st angio: 
lntracoronary SK ‘- 17 
lntracoronary SK+PTCA 9 
lntracoronary SK+mechanical - - 1 

perforation 
Mechanical perforation + PTCA 2 
PTCA alone 2 

PTCA afler first catheterization 7 4 5 
Coronary artery bypass grafting 3 1 5 

*One patient had hematuria and prolonged bleeding at puncture site, and 1 patient had gum bleeding and hema- 
turia. these patients were classified twice. 

BP = blood pressure; PTCA = percutaneous transluminal coronary angioplasty; SK = streptokinase. 

At the predischarge angiography, 1 of the 5 patients 
with reocclusion at 6 to 24 hours had a patent infarct- 
related vessel, 1 patient had a patent vessel after angi- 
oplasty, which was performed immediately after sec- 
ond catheterization, 1 patient still had an occluded 
infarct-related artery and 2 patients did not undergo a 
catheterization before discharge. 

Reocclusion rate at one to four weeks: At the time 
of hospital discharge, coronary angiography was per- 
formed in 69 of the 82 patients who received a second 
infusion. It was not performed in 13 patients, due to 
patient refusal (n = 61, coronary artery bypass grafting 
(n = 6] and death (n = 1). In 2 of 29 patients (7%, 95% 
confidence interval 1 to 23%) in the group receiving rt- 
PA as a second infusion and in 1 of 30 (3%, 95% confi- 
dence interval 0 to 17%) in the group receiving place- 
bo, late reocclusion occurred (Fig. 2). In the group that 
did not receive a second infusion, repeat catheteriza- 
tion before discharge was performed in 1 patient; the 
infarct-related vessel was patent (Fig. 2). Thus, in all 
groups combined, a late occlusion was found in 3 of 60 
patients (5%, 95% confidence interval 1 to 14%). The 
median interval from start of the first infusion to the 
predischarge catheterization was 10 days (90% range 7 
to 26) for the rt-PA group and 14 days (90% range 7 to 
26) for the rt-PA group for the placebo group. This 
resulted in a l- to 4-week occlusion rate of 7 + 5 = 
1270. Only 4 of the 8 patients with reocclusion (5 early, 
3 late) had clinical symptoms of reocclusion. 

Outcome of further recanalization attempts in pa- 
tients with occluded vessel at 90 minutes: The local 

angiographic assessment was confirmed in the 33 pa- 
tients with an occluded infarct-related vessel by the 
central reading. Twenty-eight patients had a comple- 
tely occluded infarct related artery (grade 5) and 5 
patients had subtotal occlusion (grade 41. Intracoro- 
nary streptokinase was given to 27 patients; 4 patients 
with grade 4 and 23 with complete occlusion. Although 
the protocol required intracoronary streptokinase, 1 
patient with complete occlusion was treated with in- 
travenous acetylated streptokinase-plasminogen com- 
plex (15 mg in 15 minutes). Thus, 5 patients were not 
treated with streptokinase even though they did not 
have a patent infarct-related vessel (1 patient refusal, 1 
patient with arrhythmias, 1 protocol violation: immedi- 
ate mechanical perforation, 1 hemodynamic instabili- 
ty, 1 subtotal occlusion). The median dose of intracoro- 
nary streptokinase was 120,000 IU (range 4,000 to 
262,500] and median time of administration 30 minutes 
(range 15 to 90). 

Immediate angioplasty was performed in 2 of the 
patients with an initially subtotal occlusion (in 1 case 
with streptokinase) and in 10 of 28 patients with an 
initially occluded vessel (in 2 cases without streptoki- 
nase). In 1 patient with a completely occluded infarct- 
related vessel, streptokinasc was followed by mechan- 
ical perforation. 

Local assessment revealed a patent infarct-related 
vessel in 4 of the 14 patients with a complete occlusion 
and in 2 of the 3 with subtotal occlusion who were 
treated with intracoronary streptokinase without me- 
chanical perforation or PTCA. Angioplasty in 12 pa- 



tients and mechanical perforation without PTCA in 1 
patient were successful in all but 2 occasions (85%]. 

Complications: The initial infusion of 40 mg of rt- 
PA administered over 90 minutes was well tolerated 
and hemodynamic or other complications were rare in 
122 patients who received the full dose. The incidence 
of bradycardia that formed an indication for tempo- 
rary pacing, ventricular tachycardia and ventricular 
fibrillation combined was 17 of 123 patients (14%). 
These arrhythmias occurred equally frequent in pa- 
tients who had a patent infarct-related artery at 90 
minutes as in those with an occluded vessel. Pyrexia or 
allergic reactions were not reported, although 1 case of 
shivering was observed. The events and complications 
during the entire hospitalization phase are listed in 
Table II. There were no differences between those 
randomized to a second infusion of rt-PA and those 
allotted to placebo. 

During the first rt-PA infusion hemorrhagic compli- 
cations were limited to 2 patients, 1 with a hematoma 
at a puncture site and 1 with hematuria. After the first 
catheterization, bleeding around the sheath was ob- 
served in 3 patients; at that time 1 patient received 
additional streptokinase because of persistent coro- 
nary occlusion. During the second infusion, 1 patient 
had hematuria and 4 others randomized to rt-PA had a 
large hematoma at the catheter site, while the latter 
was noted in only 1 patient randomized to placebo 
infusion. Heparin was stopped in 3 of these patients; 1 
received protamin. The second infusion of rt-PA was 
stopped in 1 patient. 

TabIe II lists patients with bleeding during the hos- 
pital stay. All bleeding events not yet described were 
observed between the second catheterization and hos- 
pital discharge. One patient required surgical arterial 
repair because of prolonged bleeding that occurred 24 
hours after the second rt-PA infusion. A retroperitone- 
al bleeding developed 1 day after the end of the sec- 
ond rt-PA infusion but did not require special mea- 
sures. Two patients had hematuria 2 days after rt-PA 
allocation. No cerebral or gastrointestinal bleeding 
was seen. The number of patients with 1 or more 
bleeding sites was slightly higher in the rt-PA group 
(4~16) than in the placebo group (ilO). Blood transfu- 
sions were given to 1 patient in the rt-PA group and to 3 
patients in the placebo group, all because of large he- 
matoma. 
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There were 6 in-hospital deaths. In the group of 
patients without a second infusion, 4 died: 1 from rein- 
farction, 1 from cardiogenic shock, 1 from asystole and 
1 perioperatively. Among the patients who had re- 
ceived rt-PA as a second infusion, 1 patient died dur- 
ing predischarge catheterization due to asystole fol- 
lowed by electromechanical dissociation. Among the 
patients receiving placebo as a second infusion, 1 pa- 
tient died due to a myocardial rupture. The first cathe- 
terization was complicated in 1 patient with aortic root 
dissection, which was treated conservatively. The seer 
ond catheterization in 1 patient was complicated by 
right ventricle perforation by a pacemaker catheter; 
cardiac surgery was required. 
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Central assessments of electrocardiograms: All 

FIGURE 3. Levels of rt-PA antigen, fibrinogen and fibrinogen degra- 

dation products (FDP) in plasma during the initial infusion of rt-PA 

(40 rng in first 90 minutes) in all randomized patients and during 

subsequent rt-PA infusion (30 mg over 6 hours) (circles) or placeba 

infusion 16 hours) Idots). electrocardiograms were reevaluated by 2 indepen- 
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dent readers, The admission electrocardiograms of 3 
patients could not be retrieved for central analysis. Of 
120 patients, 106 showed more than 012 mV of ST- 
segment elevation in 2 limb leads or more than 0.3 mV 
in 2 precordial leads as required by the protocol (ante- 
rolateral in 64 patients, inferoposterior in 42). In 14 
patients ST-segment elevation was present but of less- 
er magnitude (anterolateral in 2 patients, inferoposter; 
ior in 11 and undefined in localization in 1 patient). 
The final diagnosis of myocardial infarction wascon- 
firmed by electrocardiographic criteria and enzyme 
elevation exceeding twice the upper limit of normal in 
116 patients and by electrocardiogram alone in 7 (in 2 
patients no diagnostic enzyme increase, in 5 patients 
insufficient enzyme data]. 

Blood coagulation and rt-PA assay: The median 
radioimmunoreactive rt-PA levels for patients (n = 
100) analyzed at 60 minutes after the start of the 1st rt- 
PA infusion was 800 rig/ml (range 189 to 5,440) (Fig. 3). 
The median fibrinogen concentration of all patients 
analyzed decreased from 2.6 g/liter (range 1.7 to 4.6) to 
1.8 g/liter (range 0.1 to 3.2) (23%) at the end of the first 
infusion (90 minutes), without further reduction during 
the maintenance infusion of 30 mg of rt-PA over the 
next 6 hours. The median level of fibrinogen was 72% 
of the starting value at the end of the first infusion and 
65% as lowest value during subsequent maintenance 
infusion. 

Discussion 
Reocclusion is a major problem after coronary re- 

canalization in the setting of acute myocardial infarc- 
tion. Two weeks’after intracoconary streptokinase, the 
reocclusion rate varies between less than 10% to 
29% .8,gJ1J4-20 Pooling the data of all these studies, 61 of 
311 patients had an angiographically documented 
reocclusion (1770, 95% confidence limits 13 to 21%). 
The first studiessr6 that evaluated the early reocclusion 
rates after successful recanalization with intravenous 
rt-PA reported rates of 33% (95% confidence limits 15 
to 57%)5 and 46% (95% confiderme limits 23 to 83%).6 
However, the wide range of the 95% confidence limits 
made definite conclusions impossible. The present 
study suggests a reocclusion rate comparable to the 
reocclusion rate after intracoronary streptokinase. 

It could be argued that due to our strict criteria for 
patency, we excluded from analysis the patients with 
subtotal occluded vessels [grade 4) and the patients in 
whom the infarct-related vessel opened during later 
contrast injections who could be prone for reocclusion 
on the short term. Repeat analysis including these pa- 
tients [n = 4 in the group receiving rt-PA as second 
infusion and n = 3 in the group randomized to placebo] 
added 1 patient with a reocclusion at 6 to 24 hours, 
resulting in a 6- to 24-hour reocclusion rate of 6 of 80 
patients (8%, 95% confidence limits 3 to 16%) At 1 to 4 
weeks, no more patients with reocclusion were found 
(3 of 65 patients with patent vessels at both previous 
films). Hence, we conclude that our definition of pa- 
tency does not have a major influence on the results. A 
second possible explanation for the low reocclusion 
rate in the present study is that patients with already 
patent vessels before treatment (21% according to one 

of our previous studies using very similar selection 
criteriaI are less susceptible to reocclusion, perhaps 
because the cause of the initial occlusion was transient 
coronary spasm.27 

Finally, the reocclusion rate reported here could be 
underestimated because of the missing angiograms at 6 
to 24 hours in 5 patients and at hospital discharge in 12 
(Fig. 2). To determine the magnitude of the bias that 
has been introduced thereby, we recalculated the oc- 
clusion rates assuming that patients who did not un- 
dergo, recatheterization because of coronary bypass 
operation or death were patients with reocclusion. Ap- 
Plying this definition to the 6- to 24-hour angiogram, 1 
patient was added in the group receiving rt-PA as sec- 
ond infusion and 2 patients in the ,group without a 
second infusion, resulting in a @occlusion rate at 6 to 
24 hours of 11% (8 of 76 patients). Regarding the pre- 
discharge angiogram, 3 patients were added in the 
group receiving rt-PA as second infusion and 2 pa- 
tients in the group receiving placebo as second infu- 
sion (1 to 4 weeks reocclusion rate 1270, 8 of 65 pa- 
tients). Thus, the overall reocclusion rate, applying the 
assumption mentioned above, was 23%. This indicates 
that patients lost to follow-up cannot completely ac- 
count for the disparity between the reocclusion rate of 
the present study and that of previous studies.5,” 

We failed to show a further reduction of the reoc- 
elusion rate by an additional 6 hours infusion of rt-PA. 
Nevertheless, quantitative analysis of the angiograms 
showed a greater reduction in residual stenosis in the 
group receiving rt-PA as a second infusion.25 It 
has been suggested 23~28 that the presence of residual 
thrombus after recanalization is a major cause of reoc- 
elusion. Furthermore, several studies show that reoc- 
elusion mainly occurs in patients with severe residual 
stenoses.s,7J2Js This is not confirmed by the present 
study. Agnelli et a1,2g using a venous thrombosis model 
in the rabbit, showed that the thrombolytic activity of 
rt-PA persists within the thrombus for several hours 
after rt-PA was cleared from the circulation. This may 
explain the low reocclusion rate in our patients. 

Notwithstanding the fibrinogen sparing properties 
of rt-PA, bleeding was the most frequent complication 
after thrombolysis with rt-PA. Most bleeding compli- 
cations were related to the go-minute catheterization. 
There was a tendency of more frequent bleeding in the 
group receiving rt-PA as a second infusion, although 
no difference in fibrinogen levels was seen during the 
first 24 hours. Also, most other events mentioned in 
Table II were more frequently seen in the group re- 
ceiving rt-PA as second infusion. 

Intracoronary streptokinase appeared effective in 
only 35% of the patients in whom the initial treatment 
with rt-PA was not successful. This means that addi- 
tional interventions are needed. PTCA and mechani- 
cal perforation were successful in 85% of the cases. 

This study also shows that clinically silent reocclu- 
sion occurs in many patients with recanalization and 
that silent reocclusion may be transient. The latter 
finding shows that recanalization alone is not a clini- 
cally relevant achievement. Harder endpoints such as 
left ventricular function and mortality to assess clini- 
cal benefits of thrombolysis with rt-PA are needed. 



August i, 1987 +tiE AI\/YERICAN JOURNAL OF CARUiOLOGY Volume 60 237 

Reference 
1. Collen D, Top01 EJ, Tiefenbrunn AJ, Gold HK, Weisfeldt ML, Sobel BE, 
Leinbach RC, Brinker JA, Ludbrook PA, Yasuda T, Bulkley BH. Robison AK, 
Hutter AM, Bell WR, Spadaro jJ, Khaw BA, Grossbard BE. Coronary throm- 
holysis with recombinant human tissue-type plosminogen activator: a pro- 
apective, randomized, placebo-controlled trial. Circulation 1984;70:1012- 
1037. 
2. Verstrarte M, Rleifeld W, Brewer RW, Charbonnier B, Collen D, de Bono 
UP, Dunning AJ, Lennane RJ, Lubsen J, Mathey DG, Michel PL, Raynaud PH. 
Schafer J, Vahanian A, Vanhaecke J, Van de Kley GA, Van de Werf F, van 
Essen R. Double-blind, randomized trial of intravenous tissue-type plasmino- 
gen trctivotor versus placebo in acute myocordial infarction. Lancet 1985;2: 
965-969. 
3. Verstraetc M, Bernard R, Box-y M, Browcr RW, Co&n D, de Bono DP, Erbcl 
R. Huhmann W, Lennane RJ, Lubsen J, Mathey D, Meyer J. Michels HR, 
Rutsch W, Schartl M, Schmidt W, U&is R, van Essen R. Randomized trial of 
intravenous recombinant tissue-typ& plnsminngen activator versus inlrove- 
nous streptokinose in acute myocardial infarction. Lancet 1985;1.842-847. 
4. TIMI Study Group. The Thrombolysis in Myocardial Infarction (TIMI) 
trial. Phase I findings. N EngJ r Med 1985;312:932-936. 
5. Williams DO, Borer J, Braunwald E, Chesebro JH, Cohen LS, Dalen J, 
Dodge HT, Francis CK, Knatterud G, Ludbrook P, Markis JE, Mueller H, 
Desvigne-Nickens P, Passamani ER, Powers ER, Rao AK, Roberts R, Ross A. 
Ryan TJ, Sobel BE. Winniford M, Zaret El, Co-investigators. Intravenous re- 
combinant tissue-type plosminogen activator in patients with acute myocordi- 
al infarction: a reporf from the NHLBT thrombolysis in myocardial infarction 
1riuJ. CircuJution 1986;73:338-346. 
6. Gold HK, Leinbach RC, Garabedian HD, Yasuda T, Johns JA, Grossbard 
EB. Palacios I, Collen D. Acute coronary reocclusion after thrombolysis with 
recombinant human tissue-type plasminogen activator: prevention by a main- 
tenance Infusion. Circulation 19@;73:847-352, 
7. Cowley MJ, IIastillo A, Vetrovec GW, Hess ML. Effect of intracoronory 
streptokinase in acute myocardiaJ infarction. Am Heart [ 1981:102:1149- 
1159. 
8. Merx W, Diirr R, Rentrop P, Blanke H, Karsch KR, Mathey DC, Kremer P, 
Rutsch W, Schmutzler H. Evaluation of the effectiveness of introcoronary 
streptokinase infusion in acute myocardiaf infarction: post procedure man- 
agement and hospital course in 204 patients. Am Heart J 1Y81;1011181- 
1187. 
9. Schwarz F, Schuler G, Katus H, Mehmel HC, Olshausen KV, Hofmann M, 
Harlmann HJ, Kiibler W. lnlracoronury thrombolysis in mute myocordial 
infarction: correlations among serum enzyme, scintigraphic and hemody- 
namic findings. Am J CardioJ 1982;50:32-38. 
10. Timmis GC, Gangadharan V, Hauser AM, Ramos RG, W&veer DC, 
Gordon S. lntracoronary streptokinase in clinical practice. Am Heart [ 
lq82;104:025-938. 
11. Cribier A, Berland J, Champoud 0, Moore N, Behar P. Letac B. Jntracoro- 
nary thrombolysis in evolving myocardial infarction. Sequential angiograph- 
ic analysis nf Jeft ventricular performonce. Rr Heart 1 1983:50:401-410. 
12. Neuhaus KL, Tebbe B, Sauer G, Vereuxer H, Kustering H. HigJl dose 
intravenous streptokinase in acute myocardial infarction. CJin CardioJ 1983: 
6:426-434. 
13. SchrBder R, Biamino G, van Leitner ER, Linder T, Briiggemann T, Heitz J, 
VBhringer HF, Wegscheider K. Intravenous short-term infusion of streptoki- 
nase in acute myocardial infarction. Circulation 1988;67:53&546. 
14. Erbel R, Pop ‘I’, Henrichs KJ, Von Olshausen K, Schuster CJ, Kupprecht 
HJ, Steuernagel C, Meyer J. Percutaneous tronsluminal coronary angioplasty 
after thrombolytic therapy: a prospective controlled randomized trial. JACC 
1986;8.485-495. 
15. Serruys PW, Wijns W. Van den Brand M, Ribeiro V, Fioretti P, Simoons 
ML, Kooijman CJ, Reiber JH, Hugenholtz PJ. Is transluminal coronary angio- 
plasty mandatory after successful thrombolysis? Quantitative coronary angio- 
graphic study. Br Heart r 1983;50:257-65. 
16. Rogers WJ, Mantc JA, Hood WP, Baxlcy WA, Whitlow PL, Reevers RC, 
Soto B. Prospective randomzed trial of intravenous and intracoronary strep- 
tokinasc in acute myocordial infarction. Circulation 1983;68:1052-1061. 
17. Kentrop KP, Feit F, Blanke H, Stecy P, Schneider R, Rey M, Horowitz S, 
Goldman M, Karsch I<, Meilman 11, Cohen M, Siegel S, Sanger J, Slater J, 
Gorlin R, Fax A, Fagerstrnm R. Calhoun WF. Effects nfintrncoronorystrepto- 
kinase and intracoronory nitroglycerine infusion on coronary ongiogrophic 
patterns and morfnfity in patients with acute myacnrdiol infarction. N EngJ J 
Med 1984;311:1457-146% 
18. Charuzi Y, Beeder C, Marshall LA, Sasaki H, Pack NB, Geft I, Ganz W. 
Improvement in regional and global left ventricular function after intracoro- 
nary thrombolysis: assessment with two-dimensional echocardiography. Am 
J Cardiol 1984;53:662-665. 
19. Harrison DG, Ferguson DW, Collins SM, Skorton D), Ericksen EE, Kios- 
chos JM, Marcus ML, White CW. Rethrombosis after reperfusion with strep- 
tokinose: importance of geometry of residual lesions. Circulation 1984;69:991- 
999. 
20. Ferguson DW, White CW, Schwartz JL, Braydcn GP, Kelly KJ, Kioschos 
JM, Kirchner PT, Marcus ML. Influence of baseline ejection fraction and 
success of thrombofysis on mortality and ventricular function after acute 
myocardial infarction. Am r Cordial 1984;54:705-711. 
21. Spann JF, Sherry S, Carabello BA, Denenberg BS, Mann RH, McCann 

WD. Gault JH, Gentzler RD, Belber AD, Maurer AH, Cooper EM. Coronary 
thrombofysis by intravenous streptokinasc in acute myocardial infarction: 
acute and follow-up studies. Am J Cardiof 1984;53:655-661, 
22. Schriider R, Vijhringer II, Lindler T, Biamino G, Bruggeman T, Letter ER. 
Follow-up after coronary arterial reperfusion with intravenous streptokinase 
in relation to residual myocardial infarct artery narrowings. Am r Cardiof 
1985;55:313-317. 
23. Erbel R, Pop T, Meinertz T. Kasper W, Schreiner G, Henkel B, Henrichs 
KJ, Pfeiffer C, Rupprecht IIJ, Meyer J. Combined medical and mechanical 
recanalizntion in acute myocardial infarction. Cathet Cnrdiovnsc Diagn 
1985;11:361-377. 
24. Simoons ML, Serruys PW, van de Brand M, B& F, de Zwaan C, Res J, 
Verheugt FWA, Kraus XH, Remme W), Vermeer F, Lubsen J. Improved 
survivoi after early thrombolysis in acute myocordial infarction. A random- 
ized trial conducted by the ICI in the Netherlands. Lancet 1985;2:578-581. 
25. Serruys PW, Arnold AER, Browor RW. dc Bono D, Bokslag M, Lubsen ], 
Reiber JHC, Rutsch W. Uebis R. Vahanian A, Verstraete M. Effect of contin- 
ued rt-PA administration on the residual stenosis after initially successful 
recanolization in acute myocardial infarction: a quantitative coronary ongiog- 
raphy study of a randomized trial. Eur Heart J 1987, in press. 
26. Thomas DG, Gart JJ. A table of exact confidence limits for differences and 
ratios of two proportions and their odd ratios. r Am Stat Sot f977;72:73-76. 
27. Maseri A, L’Abbate A, Baroldi G, Chierchia S, Mar&i M, Ballestra AM, 
Severi S, Parodi 0, Biagini A, Distante A, Pesola A. Coronary vasospasm as a 
possible cause of myocardial infarction: a conclusion derived from the study 
of “preinfarction” angina. IV O’ngJ [ Med 1978;299:1273-1277. 
28. Gash AK, Spann JF, Sherry S, Belber AD, Carabello DA, McDonaugh MT, 
Mann RH, McCann WD, Gault JH. Gentzler RD. Kent RL. Factors influencing 
reocclusion after coronary thrornbolysis for ucute myocardial infarction. Am 
J CardioJ x986:57:375-177. 
29. Agnelli G, Buchanan MR, Fernandez F, Van Ryn J, Hirsh J. Sustained 
thrombolysis with DNA-recombinant tissue-type plasminogen activator in 
rabbits. Blood 1985;66:399-401. 

Appendix 
Steering Committee: M. Verstraete, Leuven, chair- 

man; R. J. Lennane, Ingelheim, clinical coordinator; 
D.P. de Bono, Edinburgh; J, Lubsen, Rotterdam; D. 
Mathey, Hamburg: R. von Essen, Aachen. 

Advisory Board: J. Hampton, Nottingham; H. J. Jes- 
dinsky, Dtisseldorf; D.G. Julian, Newcastle-upon- 
Tyne; W. Schaper, Bad Nauheim; I;. Wilhelmsen, 
Gijteborg. 

Data Center: J. Lubsen, R. W. Brower, A.E.R. Ar- 
nold, M. Bokslag, B. Bos-Wolvers, Rotterdam. 

Angiography Evaluation Group: D.P. de Bono, Ed- 
inburgh, secretary; W.S. Hillis, Glasgow: D. Reid, 
Newcastle-upon-Tyne; W. Rutsch, Berlin; P.W. Ser- 
ruys, Rotterdam. 

Central Coagulation Laboratory: D. Collen, HR. 
Lijnen, Leuven. 

Participating Clinical Centers: Innere Medizin I, 
Rheinisch-Westftilische Technische Hochschule, Aa- 
then (S. Effert, R. von Essen, R. Uebis, W. Schmidt); 
Academisch Ziekenhuis van de Vrije Universiteit, 
Amsterdam (F.W.A. Verheugt, A.J. Funke Krrepper, J. 
Res); Klinikum Charlottenburg, Freie Universitzt Ber- 
lin (H. Schmutzler, W. Rutsch, M. Schartl]; Royal Infir- 
mary Edinburgh [D.P. de Bono, M. Been); Stobhill 
General Hospital, Glasgow (F.G. Dunn, W.S. Hillis, 
K.J. Hogg, R.S. Hornung]; 

2 Medizinische Universitgtsklinik, UK Eppendorf, 
Hamburg [W. Bleifeld, D. Mathey, J. Schafer); Sint 
Annadal Ziekenhuis, Maastricht (C. de Zwaan, H.J.J. 
Wellens); II. Medizinische Klinik und Poliklinik, Jo- 
hannes Gutenberg-Universitat, Mainz (J. Meyer, R. 
Erbel, K. J. Henrichs, T. Pop]; Freeman Hospital, New- 
castle-upon-Tyne (D.S. Reid): HBpital Tenon, Paris [J. 
Acar, A. Vahanian, P.L. Michel, J.M. WeberJ; Thorax 
Center, Erasmus Universiteit, Kotterdam (P.G. Hugen- 
holtz, P.W. Serruys, ML. Simoons). 


