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ABSTRACT Forty-five patients with acute transmural myocardial infarction and angiographically
confirmed complete coronary occlusion were prospectively randomized, two for one, to treatment of
acute coronary thrombosis with intravenous recombinant human tissue-type plasminogen activator (rt-
PA) or placebo. Each of five additional consecutive patients was treated with a high dose of rt-PA for 2
hr. Twenty-five of 33 patients (75%) receiving 0.5 to 0.75 mg/kg of rt-PA over 30 to 120 min had
angiographically proven recanalization within 90 min of initiation of therapy. Only one of 14 patients
given placebo had spontaneous recanalization within 45 min (p < .001). Thirteen placebo-treated
patients were crossed over to the intracoronary rt-PA group. Nine (69%) exhibited subsequent recanali-
zation within 45 min. Levels of circulating fibrinogen decreased after treatment with rt-PA by an
average of only 8% of baseline values. None of the patients manifested a depletion of fibrinogen level to
below 100 mg/dl. Six patients who were completely unresponsive to rt-PA were subsequently treated
with intracoronary streptokinase and none responded. Thus, either intravenous or intracoronary rt-PA
induced coronary thrombolysis without eliciting clinically significant fibrinogenolysis in patients with
evolving myocardial infarction due to thrombotic coronary occlusion.
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MYOCARDIAL INFARCTION is often associated
with thrombotic occlusion of an atherosclerotic coro-
nary artery.' Reperfusion induced by intracoronary or
intravenous administration of thrombolytic agents may
preserve myocardial function2-1 and reduce mortality.6
However, conventionally used activators of the fibrin-
olytic system deplete levels of circulating fibrinogen
and may induce a systemic lytic state predisposing to a
bleeding diathesis.

Although most clinical experience has been ob-
tained with intracoronary and intravenous streptoki-
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nase,2-6 other thrombolytic agents such as urokinase,7
acylated streptokinase-plasminogen complex,' and
tissue-type plasminogen activator (t-PA)9 have been
evaluated with a view toward achieving therapeutic
coronary thrombolysis with clot selectivity and hence
more safety.9- '
Human t-PA exhibits considerable fibrin specific-

ity. 14 It has been shown to induce thrombolysis without
systemic fibrinogenolysis in experimental animals
with thrombosis'102 5. 16 and in pilot studies in pa-
tients.9 1' However, extensive studies of its potential
clinical utility have been limited by the lack of wide-
spread availability of the agent from natural sources,
despite its presence in cells in tissue culture.'8 This
obstacle has been overcome by the recent successful
cloning and expression of the human t-PA gene,19
which has facilitated synthesis of sufficient quantities
of t-PA for more widespread clinical investigation of
its potential utility for coronary thrombolysis. The
present study was performed to elucidate the safety.
efficacy, and therapeutically effective dose ranges of
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recombinant t-PA (rt-PA) in patients with evolving
myocardial infarction.

Methods
Patients studied. This collaborative study was performed at

the Johns Hopkins Medical Institutions, the Massachusetts Gen-
eral Hospital, and the Washington University-Barnes Hospital
Medical Center. Patients with pain attributed to myocardial
ischemia of less than 6 hr duration and with electrocardiograph-
ic criteria of acute transmural myocardial infarction were eligi-
ble. Exclusion criteria included a history of bleeding diathesis;
major surgery, trauma, or hemorrhage within 3 weeks; signifi-
cant hepatic, pulmonary, or renal disease; previous transmural
myocardial infarction; or cardiogenic shock.

Written informed consent was obtained from all patients after
which coronary angiography was performed in each by the
Judkins technique. Heparin (75 to 100 IU/kg) was administered
intravenously. Patients with complete obstruction of a major
vessel that was likely to be supplying the area of infarction were
entered into the study.

Overall design. The randomized trial involving the first con-
secutive 45 patients studied entailed a prospective two for one
randomization to treatment with intravenous rt-PA or placebo
with the investigator blinded to the treatment for the first 45 min
of the study. Angiographic examination was performed at 15
min intervals to assess persistence of thrombotic occlusion or its
resolution. After 45 min the code was broken and patients with
persistent occlusion who had been given placebo were crossed
over to the group receiving intracoronary rt-PA. After a total
interval of 90 min, any patient with persistent or recurrent
thrombotic occlusion became eligible for administration of in-
tracoronary streptokinase (20,000 U as a bolus injection fol-
lowed by 4000 U/min) for as long as 60 min.

Initially the intravenous dose of rt-PA was 0.25 or 0.5 mg/kg
over 30 min and the intracoronary dose was 0.375 mg/kg over
15 min. Beginning with patient 9, the dose of intravenous rt-PA
was modified to 0.5 mg/kg over 60 min and the intracoronary
dose of 0.375 mg/kg was infused over 30 rather than 15 min.
Starting with patient 31, the intravenous infusion dose of rt-PA
was extended to include an additional 0.25 mg/kg over an addi-
tional 60 min (total dose 0.75 mg/kg over 120 min). The pro-
spective randomization scheme was maintained for all 45 pa-
tients; changes in the protocol during the evolution of the study
were only for dose and duration of assigned treatment regimens.
An additional five consecutive patients not taking part in the
randomization protocol were given 0.5 mg/kg of rt-PA over 60
min followed by 0.25 mg/kg over 60 min. This resulted in a total
number of treated patients of 50.
Complete recanalization was defined as rapid antegrade fill-

ing of the distal portion of the previously occluded vessel.
Partial recanalization was defined as delayed filling of the distal
vessel such that visualization was incomplete at a time when
branches proximal to the site of obstruction were completely
filled with contrast medium. No response was defined as no
change in the appearance of the obstruction.

Plasma was sampled before treatment and 90 min after the
start of the infusion for determination of levels of fibrinogen and
fibrinogen degradation products (FDPs). For assay of fibrino-
gen and FDPs in rt-PA-treated patients, samples were collected
in tubes containing 100 lU/mI blood of aprotinin (Trasylol) to
prevent fibrinogen degradation in vitro as a result of activation
of the fibrinolytic system within the sample. This procedure was
implemented in patients 10 through 50 after results in the first
nine patients were found to be distorted by fibrinogenolysis in
vitro in samples devoid of aprotinin. Blood samples for assay of
coagulation system components were collected in citrate (final

concentration O.OiM), cooled to 40 C, centrifuged within 60
min, and stored at -20° C. Fibrinogen level was measured by
the method of Clauss20 or Rampling and Gaffney,2' and FDPs
were assayed by the method of Merskey et al.22 or with the
Thrombo-Wellcotest kit (Wellcome; Beckenham, England).

At the conclusion of the protocol (150 min or less) the subse-
quent treatment of the patients was left to the discretion of the
cardiologists in each center. Patients were all followed for at
least 10 days after treatment with clinical and laboratory evalua-
tions to detect signs of treatment-related morbidity or mortality.
Drug formulation. Human rt-PA was produced by expres-

sion of the cloned human t-PA gene'9 in mammalian tissue
culture. The drug was supplied in vials containing 10 ml of a
liquid formulation containing S mg rt-PA (active drug) or 10 ml
of the formulation vehicle without active drug (placebo). The
contents of the vials were administered intravenously or directly
via a coronary arterial catheter.

Streptokinase (Streptase) was purchased from Hoechst-
Roussel.

Results

Patient characteristics. Relevant characteristics of the
patients entered into the randomized study are summa-
rized in table 1. The five additional patients were not
dissimilar as indicated in the table.
Coronary thrombolysis. The incidence of coronary

thrombolysis elicited by the different treatment regi-
mens is summarized in table 2. Overall, 14 patients
were randomly assigned the placebo group; the study
was run double blind with the primary angiographic
end point at 45 min. In one patient there was complete
recanalization at 45 min and in one partial recanaliza-
tion at 15 min followed by complete reocclusion at 45
min. The 12 patients with persistent occlusion and the
one with partial recanalization crossed over to intracor-
onary rt-PA and were given a total dose of 0.375 mg/

TABLE 1
Characteristics of patients studied

Randomized patients
Age (yr; mean + SD)
Gender (M/F)
Locus of coronary occlusion

Left anterior descending coronary artery
Right coronary artery
Left circumflex coronary artery

Interval from onset of pain to clot randomization
(min; mean + SD)

Nonrandomized patients
Age (yr; mean + SD)
Gender (M/F)
Locus of coronary occlusion

Left anterior descending coronary artery
Right coronary artery
Left circumflex coronary artery

Interval from onset of pain to initiation of infusion

(min; mean + SD)

55.6+8.7
35/10

22
19
4

284 +99

53.6-+ 7.6
3/2

4
0

268 -±-53
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TABLE 2
Efficacy of rt-PA for coronary thrombolysis

Time to

Response to rt-PA complete
No. recanalization

Dose Duration of Num- (min; mean

(mg/kg) Route (min) patients ber Type * SD)

Placebo JV 30-45 14 1 R
1 PR

12 NR
0.375 IC 15-30 i3A 9 R 23--8

2 PR
2 NR

0.25 IV 30 3 1 R
2 PR

0.50 IV 30 3 1 RB
2 NR

0.50 IV 60 15 11 R
4 NR 46 18

0.75 IV 120 15 13 R
2 NR

R = complete recanalization; PR partial recanalization; NR = no

response (for definition see Methods).
"As noted in the text, 13 of the 14 patients receiving placebo were

crossed over to intracoronary rt-PA.
BThis patient had high-grade but incomplete obstruction at the start of

the rt-PA infusion.

kg over 15 or 30 min. At the end of a 45 min observa-
tion period nine patients had complete recanalization
(69%), two had partial recanalization, and two had
none. The interval before complete recanalization was
23 + 8 min (mean + SD).
Among the 18 patients given 0.5 mg/kg rt-PA intra-

venously (three given rt-PA over 30 min and 15 given
rt-PA over 60 min), 12 had complete recanalization
within 90 min (67%) and six had no response. In three
of the patients in whom recanalization was complete
there was reocclusion within the 30 min observation
period after the end of the rt-PA infusion. Among the
15 patients given intravenous rt-PA in a total dose of
0.75 mg/kg over 2 hr, 13 had complete recanalization
within 90 min (87%). Two of these patients manifested
reocclusion during the subsequent 30 min observation
period after discontinuation of rt-PA. Thus, of the 33
patients given 0.5 mg/kg rt-PA over 30 or 60 min, 25
had complete recanalization within 90 min (75%). The
time to complete recanalization after the initiation of
intravenous administration of rt-PA averaged 46 ±
18 (SD) min. Of those 25 patients with restoration of
vascular patency, five (20%) exhibited reocclusion
during the 30 min after discontinuation of the infusion.
This early reocclusion rate is similar to that reported
in studies of lysis induced with intracoronary strep-
tokinase. 23

Four patients with partial recanalization were given
intracoronary streptokinase, which resulted in com-

plete recanalization in each case. However, none of the
six patients who were completely unresponsive to rt-
PA were responsive to intracoronary streptokinase.

Representative coronary angiograms from a patient
with complete recanalization and without reocclusion
throughout the interval of the study period are shown
in figure 1; those from a patient with recanalization
followed by reocclusion during the 30 min observation
period after discontinuation of the infusion of rt-PA are

shown in figure 2.
Adverse effects. Clinical responses to infusion of rt-

PA were generally favorable. No deaths occurred in
association with the study. Two of the 50 patients (4%)
died with left ventricular failure (on the third and fifth
posttreatment days). One exhibited no recanalization.
The other exhibited partial recanalization 15 min after
the onset of the infusion followed by reocclusion 30
min later. No hemnorrhagic complications requiring

FIGURE 1. Right anterior oblique prol ections of left coronary arterio-

gram in a patient with persistenit recanalization after infusion of rt-PA.
A, Pretreatment arteriogram showing complete occlusion of the proxi-

mal left anterior descending (LAD) coronary artery. B, Arteriogram at
60 min after the start of intravenous rt-PA infusion showing recanaliza-
tion of the LAD.
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FIGURE 2. Left anterior oblique projections of right coronary arteriogram in a patient with recanaliiation during infLusi(n of rt-
PA fOllowed by acuite reocclusion. A. Pietreatment arteriograni showing comiiplete occlusion of the ight coronary arteiy (RCA).
B, Arteriogranm at 75 min aftem the start of the intravenotus rt-PA infusion showinig recanalization of the RCA. C, Arteiiogramll at
30 min after the conclusion ol the rt-PA infusion showing rcocclLusion of the RCA.

transfusion occurred within the first 24 hr after infu-
sion of rt-PA. One patient had an episode of gross
hematuria within hours of rt-PA treatment, and two
had gingival bleeding during the infusion. Their fibrin-
ogen values at baseline were 202, 360, and 300 mg/dl.
Values subsequently declined modestly ( 168, 145, and
200 mg/dl at 90 to 150 min and 193 and 130 mg/dl in
the two studied at 4 hr). Corresponding FDP titers
were 1:4, 1:2, and 1:2 at baseline; 1: 16, 1:32, and 1: 18
at 90 to 150 min; and 1:1 and 1:16 at 4 hr. Reperfusion
arrhythmias that were benign and readily manageable,
including accelerated idioventricular rhythm, brady-
cardia, and ventricular premature depolarization, were
seen frequently.

Effects on the coagulation system. Results of assays of
fibrinogen and FDPs are summarized in table 3. Blood
samples from the first nine patients were not collected
with aprotinin. Data from these nine patients plus the
one placebo-assigned patient who did not receive rt-
PA were excluded from coagulation system analysis.
Fibrinogen levels in the samples from the remaining 40

patients decreased after 90 min, but only modestly (to
an average of 92% of preinfusion values).

Results of assay of FDPs are summarized also in
table 3. Data on FDPs from only two of the three
participating centers are reported because results ob-

TABLE 3
Results of coagulation analyses

FibrinogenA

After
rt-PA

FDp3
Before (Uc OfD
rt-PA before Before rt-PA After rt-PA

n (mg/dl) values) n (1ag/ml) (gg ml)

401 28070 92+4 23CD 5.7 (4.6-6.8) 23 (17-30)

AMean SEM.
"Geometric meanis and ranges from mean -SEM to mean + SEM.
clncludes results from all patients except the first nine, whose sam-

pies were not collected with aprotinin, and one placebo patient who was
not treated with rt-PA.

'Results include those from all patients from two centers (see text).
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tained from samples at the third center were distorted
as a result of incomplete clotting of samples from anti-
coagulated patients. In the 23 patients from whom
adequate samples were available FDPs rose only mod-
estly from a geometric mean of 5.7 gg/ml before to 23
gg/ml 90 min after the start of the infusion of rt-PA. Of
interest, pharmacologic levels of heparin may result in
false-positive elevations of FDPs because of interfer-
ence attributable to inadequate clotting of fibrinogen in
the assay system in vitro.

Four of the 23 patients exhibited a decrease in fibrin-
ogen level of more than 15%, which was associated
with an increase in FDPs of more than fourfold.
Among the 17 patients from whom FDP data could not
be analyzed, two exhibited a decrease in fibrogen level
of more than 15%.
The level of fibrinogen did not fall below 100 mg/dl

in any of the patients studied. Thus it remained in a
range rarely implicated in clinical bleeding diatheses.
Nevertheless, six patients exhibited changes in fibrino-
gen and FDP levels that were consistent with some
degree of systemic activation of the fibrinolytic sys-
tem. Partial activation in vivo in patients with high
plasma concentrations of rt-PA is not unexpected.24
Assuming a half-life of 6 min,25 infusion of 0.5 mg/kg
of rt-PA over 60 min will result, hypothetically, in a
steady-state plasma concentration of approximately
2.5 gg/ml (0.03 ,M). The activation of plasminogen
by rt-PA in the absence of fibrin follows Michaelis-
Menten kinetics with Km 65 ,uM and ka = 0. 1
sec -'.' The rate of plasmin formation (v) is represent-
ed by v = kca/kni [A] [P1, where [A] - concentration
of rt-PA and [P] = concentration of plasminogen (2
,uM). Consequently, it can be calculated that with [A]
= 0.03 gM, v = 10 -4 ,uMsec-' = 0.36 ,M.hr-'.
Thus, conversion of as much as 18% of the circulat-

ing plasminogen (baseline concentration of approxi-
mately 2 ,M) and consumption of 36% of the a,-
antiplasmin (concentration 1 ,M) may be anticipated.
Due to biological variability in clearance rate and
potential interactions of other plasma proteins (e.g.,
fibrinogen) affecting the kinetics of plasminogen acti-
vation, more significant activation of systemic fibrino-
lysis may occur in some patients subjected to infusion
of 0.5 mg/kg of rt-PA over 60 min.

Because of the limited experience to date with t-PA
for coronary thrombolysis,9 it was not possible to es-
tablish a particular dose or duration of infusion a
priori. Six of the first nine patients treated had no
response or only partial recanalization followed by
prompt reocclusion after discontinuation of the infu-
sion of rt-PA. Four of these patients responded to intra-

coronary streptokinase, suggesting that the dose or
duration of infusion of rt-PA selected initially was
inadequate. Extension of the intravenous infusion to 1
hr resulted in lysis in 80% (24 of 30) of patients treat-
ed. It is possible that above a certain threshold of
plasma rt-PA concentration, the duration of infusion is
a critical determinant of efficacy. Accordingly, doses
below 0.5 mg/kg as infusions maintained for 60 to 90
min may provide desirable efficacy with a minimal risk
of systemic fibrinogenolysis.

Discussion
Because of its potential for preserving jeopardized,

ischemic myocardium, coronary thrombolysis is being
investigated vigorously as a potential initial therapeu-
tic step for patients with evolving transmural infarc-
tion,>6 associated often with occlusive coronary
thrombi.' Unfortunately, however, conventional acti-
vators of the fibrinolytic system such as streptokinase
and urokinase elicit fibrinogenolysis in doses required
for successful lysis. Their use therefore entails the risk
of bleeding. Recently, t-PA harvested from a human
melanoma cell line has been shown to induce coronary
thrombolysis in animals'0 and in patients9 under condi-
tions in which fibrinogenolysis can be avoided. Subse-
quently, t-PA produced by recombinant DNA technol-
ogy (rt-PA) was shown to be effective in experimental
animals with biological effects similar to those of t-PA
harvested from the melanoma cell line.'] 12

This study evaluated rt-PA in patients for the first
time. It was not possible, a priori, to be certain that rt-
PA would exhibit thrombolytic properties and relative
clot-selectivity24 comparable to that seen in an earlier
study of seven patients with t-PA harvested from mela-
noma cells.' The present placebo-controlled trial of rt-
PA given to a substantially larger number of subjects
confirmed the hypothesis that the recombinant DNA
product exhibits pharmacologic properties required for
relatively clot-selective coronary thrombolysis in pa-
tients. Thus, it extends the previous observations ob-
tained with t-PA derived from melanoma cells to re-
combinant DNA t-PA that can be produced in large
quantities. In view of the thrombolytic properties of
the rt-PA delineated in this initial clinical study of its
use, rt-PA appears likely to provide a promising ap-
proach to coronary thrombolysis.

Because the present study was the first in which rt-
PA was used in patients, it was in part a dose-finding
study. The results obtained indicate that either intrave-
nous or intracoronary infusion of rt-PA in doses of 0.5
to 0.75 mg/kg elicits coronary thrombolysis generally
within 90 min without compromising hemostasis.
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Thus, rt-PA administered by intravenous or intracor-
onary infusion induced coronary thrombolysis without
systemic fibrinogenolysis in a majority of treated
patients. Early reocclusion occurred in approxi-
mately 20% of successfully treated patients but only
after discontinuation of the infusion. The results ob-
tained in this initial clinical, placebo-controlled trial
of rt-PA suggest that intravenous administration of
this agent offers considerable promise for coronary
thrombolysis.

We are indebted to Cynthia B. Selfridge, Michaelene P.
Llewellyn, Harry Garabedian, and Wendy Werner for their
assistance in this project.
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