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T is of acute p can be pli

meore rapidly and safely with 108 mg of recombingnt human
tissue -type plasminogen activator (rt-PA) (Activase) than with
i dose of ) given as a
4,400 Ufkg bolus dose, followed by 4,400 U/kg per h for 24 h. To
determine the efiects of a more concentrated urokinase dose
administered over a shorfer time course, this trial enrolled 90
patients with baselme perfasion lung scans and anglngrnph!cally
Y i They were r
receive either 100 mg/2 h of rt-PA or a novel dosing regimien of
urokinase; 3 million U/Z k with the initial 1 miltion U given a3 a
bolus injection over 10 min. Botli drugs were celivered through a
peripheral vein,
To assess efficacy after initiation oi therapy, repeat pulmonary

i (Abbaki

at 2 h were performed in 87 patients and then graded
in a blinded manner by a panel of six investigators. Of the 42
patients allocated to rt-PA therapy, 79% showed angiographic
improvement at 2 h, compared with 57% of the 45 patients
randomized to urokinase therapy (95% confidence interval for the
difference in these p [rt-PA minus urokinase] is —6.6%
to 30.4%; p = 0.i1), The mean change in perfusion lung scans
between baseline and 24 h was similar for both treatments. Three
patients (two treated with r4-PA and one with urokinase) had an
intracranial kemorrhage, which was fatal in one.

‘The results indicaie that a 2-h regimen of rt-PA and a new
dosing regimen of urokinase exhlhll snm:lnr efficacy and safety for

of acute p

U Am Call Cardiol 1992;20:24-30)

In a previous randomized centrolied trial (1) comparing
recombinant human tissue-type plasminagen activator (rt-
PA) and urokinase for treatment of acute pulmonary embo-
lism, we demonstrated that a 100-mg dose of rt-PA given
over 2 h cansed more rapid clot lysis and fewer bleeding
complications than did a weight-adjusted 24-h infusion of
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urokinase approved by the Food and Drug Administration.
We stated that further work was necessary to determine
whether important differences existed between ri-PA and
urokinase when both were given over the same 2-h time
period. Several groups (2-4) amplified our cautionary note

garding lack of parability b the 2-h rt-PA and
the 24-h urokinase thrombolytic dosing reglmens We pow
present the results of a
trial in which the 100-mg rt-PA dose was tested against a
novel 2 h dosmg regimen of 3 million U of urckinase,
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 as a bolus i of 1 million U over 10 min
followed by anather 2 million U as an infusion over the next
110 min. We maintained the same two principal end points:
improved findings in the 2-h pulmonary angiogram and 24-h
perfusion lung scar over those obtained vefore treatment.

Methods
Study patients. The study group cnmpnsed panenls =18
years old whe had angiographical P v
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embolism in one or more segmental or more proximal
pulmonary arterics and who manifested new symptoms <14
days previously, Of the 92 patients randomized. 2 did not
receive thrembolytic therapy. One randomization envelope
(1t-PA) was opened before the pulmonary angiogram was

leted; results of the y angiogram were normal
and pnesmonia was diagnosed. Another randoimization en-
velope (urukinasey was opened at a center that had inadvert-
ently not restocked its study drug. Of the 90 patients who
underwent thrombolysis, 2 did not have 2-h pulmonary

i {1 patient ra ized to urokinase therapy died
of ventricular fibrillation while receiving the thrombolytic
infusion, and 1 patient randomized to rt-PA therapy inad-
vertently removed his femoral venous sheath after 15 min of
t ). One foll (on a patient who
received rt-PA) was technically inadequate because the
catheter was in the right atrium rather than the pulmonary
artery.

The protocol was approved hy the Food and Drug Ad-
ministration and the Human Subjects Committee of each
paaticipating hospital; written informed consent for the study
was obtained from ali subjects. The trial was conducted
between March 1988 and March 1951,

The exclusion criteria were: 1) major internal bleeding
within the previous 6 months, 2) iniracranial disease,
3) operation or organ biopsy in the past I days, 4) vecult
blood on stool examination, 5) hematacrit <30%, 6) severe
uncontrolled hypertension, 7) severe impairment of hepatic
or renal fi 8) preg! y or | i 9) inability to
tolerate the initial di ic pul y hic inves-
tigation.

Pulmonary angiography and perfusion lung scanning.
After baseline ventilation-perfusion lung scanning and mea-
surement of right a!nal nght ventricular and pu!monary
artery p of the appropriate
(right or left) pulmonary artery was performed. When pul-
monary embolism was d dina ! or mare
proximal pulmonary ariery, the patienl was randomized to
n-PA or urokinase therapy by opening the appropriate
conseculively numbered sealed envelope. Separate ireal-
ment assignments for each hospital were generated by the
use of permuted block random number sequences. Measure-
ment of p y artery p and p pary angiog-
raphy were repeated immediately after 2 h of treatment:
follow-up perfusion lung scanning was performed 24 b after
the start of therapy.

Pharmacologic regimens. No patient received concomi-
tant heparin therapy with the thrombolytic agent. The dose
of it-PA (Activase [Genentech]) was 100 mg infused through
a peripheral vein over 2 h (50 mg/h). The dose of urokinase
(Abbokil [Abbott Lab ries)) was modified from the
dosing r gimen of the German Activator Urokinase Study (5}
in acute myocardial infarct.on, which utilized 3 million U of
urokinase over 0 mir, of which 1.5 million U was given as
an initial intravesious bolus injection. In our trial, patients
allocated to urokinase therapy were premedicated with
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hydrocomsom (160 mg mtravenously) dlphenhydrdmmc
(25 to 50 mg intr ly} and hen {650 mg
arally). They then received 1 million U of urokinase through
a peripheral vein over 10 min followed by 2 million U over
110 min for a iotal dose of 3 million U over 2 f. After
discontinuation of either thrombolytic agent, hepatin was
given {without a belus injecticn) when the thronubin time or
partial thromboplastin time was less than twice the control
value. The average heparin dose was 1,050 Urh (range 700 to
2.500). Heperin administration was coatinued. or average,
fur 5.6 days.

Analyses of efficacy. For formal analysis, sets of pulmo-
nary angiograms were coded and presented to a panel of six
investigators. who scored them by the svstem used in the
Urokinase Pulmonary Embolism Tria! (6}). Without knowl-
edge of the patient’s treatment or the timing of the angiogram
selected for analysis, investigators first judged the lechmcal

d y of zhe and then dit g y
and ively. For the quali 1
graded change within sets uf angiograms from a pauent as
marked, moderate, slight or absent. In the quantitative
scoring system {6), unilateral angiograns were graded from 0
(90 clot) to 9 (massive clot), but nonocclusive filling defects
in segmental vesscls were not distinguished from total oc-
clusions. Moderate-sized pulmonary emboiism was given a
score of 3 to 6 and generally affected two lobes; massive
pulmonary embolism was given a score of 7 to 9 and affected
the entirz lung.

Pairs of pre- and post-treatment lung scans were also
coded to prevent identitication of patients, treatment re-
ceived, participating institutions and the timing of the scans
in relation to thrombolytic therapy. The scans were then
graded as the proportion of iung not perfused. A panel of two
nuclear medicine specialists scored each scan in two ways:
1) by the anteroposterior method used in Urokinase Pulmo-
nary Embolism Trial (UPET) (6), and 2) by a new segmental
method (7) that included lateral or obligue views, or both,
i1 were not obtained as standard practice in UPET. The
scans were assessed individuafly by each panclist using both
methods. Periodic meelings of the panel were convened by a
third nuclear medicine speciaiist to resolve by consensus any
differences in scoring.

Complications. Patients were followed up for 14 days to
determine whether death or recurrent pulmonary embolism
had occurred and for 3 days to determine whether major
bleeding had occurred. Major bleeding was defined as bleed-
ing that requived surgical control (such as laparotomy for
retroperitoneal bleeding) or any iniracranial bleeding. As in
the Urokinase Putmonary Embolism Trial (6), we also iden-
tified ail patients who had a decrease in hematocrit of >10
percentage points.

Cosagulation variables. Plasma and scrum samples were
taken immediately before therapy and repeated 2hand 24 h
after the start of treatment. Blood for plasma fibrinogen was
drawn into citrate (i3 mmoYtiter) with aprotinin (25¢ 1U/mi)
to prevent in vitro fibrinogenelysis, and it was immediately
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stored on ice. Piasma was collected from these samples after
centrifugation and was stored al —20°C for up to b weeks.
Plasma fibrinogen was measured by the sodium sulfite pre-
cipitation method of Rampling and Gaffney (8). Fibrin and
fibrinogen degradation products were measured in serum
samples according to the method of Merskey et al. (9.10).

Statistical analysis. This randomized, two-treatment
study began with an initial cohort of 30 patients (15 in cach
treatment arm). An interim analysis of the data on the first 30
paticnts indicated that a 30% differsnce in success rates
between the two treatment arms could be detected with 80
patients (40/arm) with 80% power and a two-sided level of
sigiificance of 0.05. Success was defined as any level of
improvement in qualitative pulmonary angiographic scores.
After the interim analysis was completed, the study size was
set at 90 patients, with the expectation that data from at least
80 patients would be anatyzabie.

Data from the 90 patients who received any amount of
drug were aralyzed with use of SAS statistical software.
Twe patients who were randomized lo trealment but re-
ceived no drug were not included in the analyses. Categoric
data analyses were performed with use of chi-square and
Fisher exact tests {I1). Analyses of continuous random
variables were performed with the Wilcoxon two-sample test
(12). Confidence intervals for the differences in proportions
were calculated with a normal approximation for the com-
parison of independent binomial samples (13). Reported p
values are two-sided,

Results

The patients in the rt-PA and urokinase groups were well
malched for baseline characteristics. with no statistically
significant difference in any variable that was assessed
{Table 1}. Two hours after the star* of therapy, there were no
significant changes in hemodynamic variables {Table 2).

Efficacy. The proportion of patients showing any im-
provement on the qualitative pulmonary angiogram assess-
ments was 79% (33 of 42} anu 67% (30 of 45) for rt-PA and
urokinase, respectively {Table 3). The 95% confid inter-
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Table 1. Baseline Characteristics of 90 Paticnts
i-PA-Treated

Urokinase-Treated

(=44 (n=46)
Age (yr) 58.6 = 6.6 6.1 = 17.6
Men % b1l
Women IR 19
Symptom duration
010 5 days 34 3
6o 10 days [ ]
16 14 days 2 6
Prior DYT ar PE 15 0
Cancer 9 2
Qperation 11 1o 30 days previously 7 9
Heart rate {beats/min) 87.6 % 16.1 9.8 =192
Respiratory rate (breaths/min) B5+15 BI+se
Pressures {mm Hg)
Systalic 1282+ 21 1253 £17
Diastelic 766 £ 111 784 1LS
RA B5=+352 94 +51
RY, systolic 4.1 =176 94+113
RV, diastolic 95+79 942586
PA. sysiafic 474 £ 19 4.3 =131
PA. diastotic 19.1 + 109 17272
PA. mean 27816 BSEI3

Data are expressed as number of patients or mean value + SD. DVT =
deep venous thrembosis: PA = pulmenary actery: PE = putmonary embo-
lism: RA = right atrial: rt-PA = recombinant lissue-type plasminogen
activator. RY = right ventricular,

massive pulmonary embolism (pretreatment score =7) and
2-h angiograms, there was no sigaificant difference between
the effect of ri-PA and urokinase (p = 0.74).

The improvement in lung scan perfusion at 24 h was
similar in the two treatment groups whether the anteropus-
terior (p = 0.92) or segmental tp = 0.80) scoring method was
used {Table 5). The interval fram the onset of symptoms to
the start of thrombolytic therapy (0 to 5 vs. 6 to 14 days), the
presence of cancer and a prior history of pulmonary embo-
lism or deep venous thrombosis did not influence the efficacy
of either 1t-PA or urokinase, as assessed by the 2-h angio-
gram or the 24-h perfusion scan.

val for the difference in these proportions (ri-PA minus
urokinase} is —6.6% to 30.4% (p = 0.01). With a more
restriclive definition of that included only moderate
or marked improvement (Fig. 1), the proportion of responses
was 33% (14 to 42) and 42% (19 1o 45) for ri-PA and
urokinase, respectively (Table 3). The 95% confidence inter-
val for tiic differerice in these proportions (rt--PA minus
urokinase) is —29% 10 11.4% (p = 0.39). Patients in the two
treatment groups werc also compared with respect 1o ihe
proportion showing any fmprovement in e quamitative
angiographic scores after treatment (Table 4). Patients
treated with rt-PA had a 22.4% improvement in quantitalive
scores compared with 17.8% improvement among those
receiving uroki The 95% confid interval for the
difference in the proportions (ri-PA minus urokinase) is
-12.3% 10 21.3% (p = 0.60). Among the 35 patients with

Complicati Of the 90 patients who underwent throm-
bolysis, 3 died within 14 days of treatment. A 78-year old
woman with a prior myocardial infarction received uyoki-
nase and developed refractory ventricular fibriltation during
the infusion. Autopsy was not performed and pulmonary
embolism was considered the cause of death. A 55-year oid
woman with metastatic breast carcinoma received rt-PA and
died on the following hospital day. Autopsy revealed exten-
sive intravascular adenocarcinema that had embolized to
pulmonary and hepatic vessels. Although thrombus in the
deep veins of the right leg was identified, there was no
cvidence of concomitant thrombotic pulmonary ¢mbolism.
An 81-year old man previously in good health received rt-FA
and vomited 75 min afier completion of the infusion. He
became 2.5 h {ater; i tomographic scan-
ning of the head showed a massive subarachnoid a«d intra-
cerehral hemorrhage. He died 3 days after treatment.
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Table 2. Hemodynamic Changes in 95 Patients
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)
3

n-PA Urokinase
Bzfore Before After™
Hean rate (beats/min) 876 = 160 918+ 9.2 91 : 179
Mean respiratory rate MR ENA 233:5% 1S
(breaths/min}
Pressures (mm Hg)
Systolic =2 [N i 1253217 25+ 164
Diastolic =1 2.6 Bl ns 6.1+
PA. systolic iy 2= 182 4.3z 130 3.2+ 121
PA, diastolic 109 19 L1104 171272 1963
PA, mean T LS B2 285293 B3+ 82

*Twa hours after the s1an of therapy. Data are expressed ay mean value -~

Two patients treated with urokinase experienced recur-
rent puls that was d d with new
perfusion lung scan defects and managed with placement of
an inferior vena cava filter. Another patient treated with
urokinase was considered clinically 1o have recurrent pul-
monary embolism and had a filter placed without undergoing
repeat lung scanning or pulmenary angiography. All three of
these patients were receiving intravenous heparin when
recurrent pulmonary embolism was diagnosed.

Two patients had a nonfatal intracranial hemorrhage,
documented by computed tomographic scan of the head.
that resulted in permanent but minor ncurologic disability. A
72-year old woman with three prior *‘spells” of “‘vision
turning black.” but none within the year before acute
pulmonary embolism, received rt-PA. Five hours after ter-
mination of the infusion, aphasia and right-sided weakness
were noted. She was sent 10 a rehabilitation facility for 6
weeks and was then discharged with minor residual neuro-
logic deficits. A 67-year old man was transferred to o
participating hospita! for evaluation of deliilum and new
onset grand mal seizures. Ten days after transfer, pulmonary
embolism was diagnosed and he was enrolled in the study (a
protocol violation because of new onset of seizures and new
mental slatus changes). He received urokinase and was
noted 2 days later to have a new right homonymous hemi-
anopia hat has not resolved.

With respect to other complications of . balytic ther-

SD. Abbreviations as in Table 1.

wilh no patient treated with ri-PA (p = 0.004). The fre-
quency of major bleeding complications was similar in bath
ireatment groups. Twelve patients had a hematocrit de-
crease >10 percentage points and 11 received biood trans-
fusions. Four of the 12 had no cbvious source of bleeding to
cxplain the decrease in hematocrit. Of the eight patients with
an identified bleeding site_ the groin puncture site for pulmo-
nary angiography accounted for the decreased hematocrit in
seven patients and an unsuspeeted abdominal aorlic aneu-
rysm that ruptured accounted for the decrease in one pa-
tient; this uncurysm was later successfully repaired.

Coagulation variables. Nadir fibrinogen levels were ob-
served at 2 h after initiation of thrombolytic therapy and
exceeded 100 mg/dl in all patients. The difference between
the nadir leve! and the baseline plasma fibrinogen level
(Tablc 7} was not significantly different between the two
treatment groups {(p = 0.43). Greater than average percent
decreases in plasma fibrinogen did not identify patients with
major bleeding. There was no significant difference in fibrin-
ogen degradation products between treatment groups (p =
0.641.

Discussion

human ti Ly activaior and

b

apy (Table 6), eight patients who received urokinase had an
allergic reaction, usually characterized by tigars, compared

These agents are scrine proteases that have
similar structural and catalytic properties (14). We found
that a 2-h infusion of 100 mg of rt-PA or 3 million U of
urokinase provided comparable efficacy and safety. The two
agents lysed thrombus rapidly and had a similar likelihood of
causing hemorrbage. Quantitative angiographic assessment
at 2 h without controlling for baseline values revealed a

Table 3. Qualitati i ic A in 87 Patients
Change t-PA (n = 42) Urokirase (n = 45)

Marked improvement 3 (i2%) 4(9%)
Moderate improvement 9 (22%) 15 (33%)

Slight improvement 19 @5%) 11{24.5%)

No change 8 (14%) 12 (279}
Stightly worse 37 214.5%)
Moderately worse [} 0
Markedly worse 0 12%

Abbreviation as in Table 1.

nonsignificant trend favoring r1-PA over uroki-
nase (p = 0.16). This trend was also seen with the qualitative
angiographic assessment (which evaluated change relative 1o
baseline at 2 h} and was also not statistically significant {(p =
0.11). However, with control for baseline values, the quan-
titative angiographic assessment at 2 h showed no trend
favoring ri-PA and differences between resnlts with the two
agents were not statistically significant (p = 0.60). The
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Table 4, Quantitative Angi hic A
-PA Urokinase
Score (n = 42) in =45
Pretreatmeat 604 =223 643 * 205
Post-treatment. 469215 529221
Definition of Scores
Lesion Score
1. Segmental vesse! with filling defect or 1
obstruction
2. Upper lobe vessc]
With filling defeet 2
With obstruction 3
Maximal score for vessel 1
3. Middle fube vessel (including iingular
vessel)
With filling defect ar obstruction 2
Maximal score for vessel 2
4. Lower lobe vessel
With filling defect 2
With obstruction q
Maximal score for vessel L]
5. Mair pulmonary arery
Obsiruction of sitker 9t
Obstruction of intermediate artery on of
cither side
6. Total score >3 9
7. Total score =4 for a lung with a filling Total lung
defect i the pulraonaiy i, fuimonay score +3

artery or intermediate arteryt

*Based on total score for upper, middle and lower lobe obstructions Gi.e..
3+2+4=9). Based on total score for midd!e and lower lobe obstructions
(.., 2 + 4 = 6). $A otel lung score =4 mandates a check for such fiting
defects. Pre- and posi-treatment scores are vxpressed as mean value = 8D,
Abbreviation as in Table 1.
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" Figure 1. Left panel, Right pulmonary an-
giogram reveals multiple emboli (arrow-
heads) in the upper, middle and lower lobe
arteries. Right panel, Repeal angiogramn
immediately after administration of uroki-
nase was scored as showing moderate
overall improvement with significantly de-
creased thrombus, particwlarly in the up-
per and lower lobe arteries, although re-
sidual thrombus (arrowheads) is present,

magnitude of the observed difference hetween rt-PA and
urokinase in the quantitative angiographic assessment con-
trolling for baseline values would require a 1,250-patient
study to detect a statistically significant difference between
{reatments with 70% power and a two-sided p value of .05,
The improvement in perfusion lung scans at 24 h was
virtually identical in bath groups.

Characteristics of the novel urokinase dosing regimen.
When we compare the urokinase results in our current and
previous (1) trials, the novel 2-h urokinase regimen appears
1o act more rapidly and 1o be safer than the 24-h regimen;
66% of patients d i angiographic imp! at
2 h compared with 48% who attained this end paint in our
previous study. Marked or moderate improvement with
urokinase occurred in 42% of patients who received 3 million
U2 h compared with 13% who received an average weight-
adjusted dose of ! millior U/2 h in the previous s:udy. Lung
scan reperfusion 24 h after initiation of urokinase was similar
in the two trials, even though the total amount of drug
administered was much less in the current study (3 million U

Table 5. Perfusion Lung Scan Assesswent

nPA Urakinase
Anteroposterior method
Preurcatment 0312 £ 0.153 0.342 £ 0.189
Post-treatment 0.221 = 0.139 0.252 + .16
Segmental view method
Pretreatment 0.375 £ 0,156 0.404 £ 0.22
Post-treatment 027 £0.17 031018

Dala are expressed as mean valug = SD of the proportion of lung not
perfused. Abbreviation as in Table ).
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versus an average of 7.5 million U). The frequency of a
>10-point decrease in hematocrit was reduced from 48% of
patients with the 24-h regimen 10 6.5% with the 2-h regimen,

The fixed 2-h dosing regimen of urokmase was much
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Toble 6. Complications Associated With Therapy in 90 Patients

more ble than the previously d weight-

adjusted 24-h infusion. With this novel dosing schedule, only
40% as much urokinase was utilized, resulting in a substan-
tial reduction in cost. However, even with aggressive triple
drug premecication, allergic reactions vccurred in |75 cos
pared with 26% of patients who received urokinase in the
prior study Theoretically, the ongoing development of
I Ki should elimi this problem.

The success of our urokinase regimen, in which one third
of the total dose was given as a bolus injection, was
consistent with the findings in a -znine model of venous
thrombosis (15) in which a bolus injection/infusion ratio of
25%I75% of urokinase produced twice as much lysis as
cither the bolus injection or infusion alone. One can spesu-
fate that the improved results with 3 million Us2 h are due in
part to saturation with this more concentrated dosing regi-
men of the recently described plasminogen activator inhibi-
tor 3 {PAL-3).

Prior studies. The resuits of our previous trial {1) with
100 mg/2 h of r1-PA were almost identical to those of the
present study. In these two studies with the same r-PA
dosing regimen, angiographic evidence of clot lysis ar = b
was obtained in 80% (93% confidence interval 70% to 90%)
of patients. Lung scan reperfusion at 24 h was virtually the
same (28% 1o 29%) in the two trials. A hematocrit decrease
of =10 percentage points was observed in 179 (95% confi-
dence interval 8% 1o 26%) of patients wcated thh -PA.

n-PA{n =44  Urokinase [n = 45)
Allergy 0 8
{otracranial bleedmg ? 1
bleeding * [
Hematogrit decrease >10 7 N
percentage points.
Blood transfusion 6 5
Reasons for transfusion
Shock 1 ]
Augmentation of hematocerit s 4
Amourt of blood transfused
1 upit 3 1
2 upits 2 3
3 units 1 0
13 units. [ 13

*Mallory-Weiss tear. tOccult blood in stool: source not determined.
TRuptured abdominal aortic aneurysm {successfully repaired susgically) in a
patient who became symptomatic approxirmately 18 b after initiation of the
thrombolytic infusion. Abbreviation as in Table 1.

demonstrated in a previous study (18) in dogs that compress-
ing the n-PA dosing regimen from 90 to 15 min results in a
markedly increased rate of clot lysis.

Opfimizing safety. Although both 2-h regimens caused
clot lvsic in most patients, important bleeding complications
occurred. The intracranial hemorrhage rate was 3% overall,
mcludmg a l% rate of fatal intracranial bleeding. The lack of

ial bl in owr prior sindies was
undoubtedly due to the small number of patients and the play
of chance ‘When our total expericnce wnth thrembolysis in

When the frequency of quatitative
ment in the two groups treated with rt-PA is combmed and
then compared with that in the patients receiving the 2-h

the 95% fid interval for the
difference in the proportion responding (rt-PA minus uroki-
nase) is ~4% to 30% (p = 0.12). If only moderate or marked
angiographic improvement is considered, the 95% confi-
dence interval for the difference in the proportion with
moderate or marked improvement is —19% to 19% (p =
0.98).

The lack of reduction in pulmonary artery pressure
despite successful fibrinolysis in most patients is surprising
and not readily explained. In our prier open label {16) and
randomized {1} trials of thrombolysis in pulmonary embo-
lism, a decrease in pulmonary artery pressure was common
and usually indicated that therapy succeeded.

At first glance, our results may appear to conflict with
those reported by Prewitt et al. (17) in lheu‘ canine model of

y embolism. They pared two doses of r1-PA
(l and 2 mgkg) wuh two doses of urokinase (30,000 and
60,000 Urkg) and found that both 1-PA regimens yielded
more xtensive thrombolysis than did either of the uiokinase
dosing schedules. However, the canine and human fibrin-
olytic systems may differ and all four of their treaiment
regimens were 15-min (rather than 2-h) infusions. They

y embolism (1,16,19}is idered, the overall rate
of intracranial bleeding is 1.6%, including a 0.5% rate of fatal
tleeding. These findings emphasize the need for careful
ratient selection.

In 13% of patients in the current trial, the hematoerit
decreascd >10percen!age points. In two thirds of cases, this
d was due to bleeding from the pul
groin punctare site. This observation underscores the need
for meticulous anemmn to lechmcal aspects of performing

Y ly with regard to the initial
perculaneous puncture of the femoral vein (20). We believe
that our insisicrce on the use of pigtail- or bailoon-tipped

Table 7. Labaratory Indexes of Fibrinolysis

n-PA Urokinase
Fibrinogen (mg/dl)
0h 464.1 & 140.9 426.5 = 174.8
2h 326 = 163 236.1 = 1Y
mh 366.5 = 158 7.1 = 1286
EDP (pa/ml)
¢h 33064 0715
2h 5.7 2 158.6 H.9 % 155.1
4h 69 > 224 62219

Dala are expressed as mean value x SD. FDP = fibrinogen degradation
products: other abbreviation as in Table 1.
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catheters for pulmonary artery catheterization was respon-
sible for the absence of episodes of right ventricular perfo-
ration and pericardial tamponade.

Future studies. Experimental (21) and clinical (22) re-
ports suggest that thrombalysis in pulmonary embolism can
be achieved with improved safety and equivalent efficacy by
compressing the infusion into 2 to 15 min, adminisiering a
weighi-adjusted rather than a fixed dose of drug and reducing
the to!al dose of rt-PA. The thecry is that soluble, cross-
o3 Sbrinogen degradation products derived from lysis of
thrombl causing pulmonary embolism circulate in the plasma
ard may act as a cofactor similar to fibrin in promoting the
conversion of plasminogen to plasmin when rt-PA is infused
continuously (21). Ilowever, after bolus administration,
11-PA is cleared rapidly and only small amounts of circulat-
ing 1°-P4 are available to interact with cross-linked fibrino-
gen degradation products, thereby limiting the potential to
activate plasma plasminogen and to promote systemic fibrin-
ogenolysis.

To test this hypothesis, we are initiating an international,
muiticenfer. randumized trial comparing bolus injection of
r-PA (0.6 mg/kg with a maximal dose of 50 mg administered
over 15 min) with the 100-mg/2 h dose of 1t-PA approved by
the Foad and Drug Administration. However, to address the
circumstances under which thrombolysis followed by anti-

lation should be administered for pul y emboli
instead of anticoagulation alone, 2 future trial with a sample
size of many hundreds of patients will be required to study
clinical (rather than radiologic imaging) ¢nd points such as
mortality and recurrent pulmonary embolism.
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