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ABSTRACT

Background Low-molecular-weight heparin ap-
pears to be at least as effective and safe as standard,
unfractionated heparin for the treatment of deep-
vein thrombosis, but only limited data are available
on the use of low-molecular-weight heparin to treat
acute symptomatic pulmonary embolism.

Methods We randomly assigned 612 patients with
symptomatic pulmonary embolism who did not re-
quire thrombolytic therapy or embolectomy to either
subcutaneous low-molecular-weight heparin (tinza-
parin) given once daily in a fixed dose or adjusted-
dose, intravenous unfractionated heparin. Oral anti-
coagulant therapy was begun between the first and
the third day and was given for at least three months.
We compared the treatments at day 8 and day 90
with respect to a combined end point of recurrent
thromboembolism, major bleeding, and death.

Results In the first eight days of treatment, 9 of
308 patients assigned to receive unfractionated hep-
arin (2.9 percent) reached at least one of the end
points, as compared with 9 of 304 patients assigned
to low-molecular-weight heparin (3.0 percent; abso-
lute difference, 0.1 percentage point; 95 percent con-
fidence interval, —2.7 to 2.6). By day 90, 22 patients
assigned to unfractionated heparin (7.1 percent) and
18 patients assigned to low-molecular-weight hepa-
rin (5.9 percent) had reached at least one end point
(P=0.54; absolute difference, 1.2 percentage points;
95 percent confidence interval, —2.7 to 5.1). The risk
of major bleeding was similar in the two treatment
groups throughout the study.

Conclusions Under the conditions of this study,
initial subcutaneous therapy with the low-molecular-
weight heparin tinzaparin appeared to be as effec-
tive and safe as intravenous unfractionated heparin
in patients with acute pulmonary embolism. (N Engl
J Med 1997;337:663-9.)
©1997, Massachusetts Medical Society.

OW-molecular-weight heparins are an im-

portant new class of antithrombotic agents.

They differ from standard, unfractionated

heparin in having a higher ratio of anti—fac-

tor Xa to anti—factor Ila activity, greater bioavailabil-

ity, a longer half-life, and a more predictable antico-

agulant response when administered subcutaneously
in fixed doses.!2

The efficacy and safety of low-molecular-weight

heparin for the initial treatment of deep-vein throm-
bosis are well established.?5 However, in most clini-
cal trials comparing low-molecular-weight heparin
with unfractionated heparin to treat acute deep-vein
thrombosis, associated symptomatic pulmonary em-
bolism either was a criterion for exclusion from the
study or occurred in only a minority of the patients.
Consequently, although deep-vein thrombosis and
pulmonary embolism are generally considered to be
different expressions of the same disease, there is
limited information on the efficacy and safety of
low-molecular-weight heparin for the initial treat-
ment of symptomatic pulmonary embolism.®” There-
fore, the role of low-molecular-weight heparin in
patients with acute pulmonary embolism must be de-
termined before this therapeutic approach is extend-
ed to the overall spectrum of venous thromboem-
bolism.

Because the low-molecular-weight heparins are
distinct compounds with different pharmacologic
profiles and different dose regimens, it is uncertain
whether the results obtained with one preparation
can be extended to another. In 1992, Hull et al. re-
ported that a once-daily subcutaneous injection of
tinzaparin was at least as effective and safe as contin-
uous intravenous heparin in patients with proximal-
vein thrombosis.?

We therefore conducted a randomized trial in
which patients with symptomatic pulmonary embo-
lism who did not require thrombolytic therapy or
pulmonary embolectomy were given either continu-
ous, intravenous unfractionated heparin or a single
daily subcutaneous injection of tinzaparin. Consid-
ering the trend toward better efficacy and safety
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with low-molecular-weight heparin as compared with
unfractionated heparin,®5 we sought to determine
whether tinzaparin was clinically superior to unfrac-
tionated heparin with regard to the combined out-
come of symptomatic recurrent thromboembolism,
major bleeding, and death. A secondary aim was to
compare the two treatments with respect to changes
in scores for scintigraphically detected pulmonary
vascular obstruction from day 1 to day 8.

METHODS
Study Design

This study was a multicenter, randomized, unblinded trial
comparing continuous, adjusted-dose, intravenous unfractionated
heparin with once-daily subcutaneous low-molecular-weight hep-
arin (tinzaparin) in patients with acute, symptomatic pulmonary
embolism. The study was conducted in 57 centers in France, Bel-
gium, and Switzerland. The study protocol was approved by the
institutional review boards of all the participating centers.

Patients

Consecutive patients over 18 years of age with clinically sus-
pected acute pulmonary embolism were considered for enroll-
ment in the study. Before their inclusion, pulmonary embolism
had to be objectively documented by pulmonary angiography, by
ventilation—perfusion lung scanning indicating a high probability
of pulmonary embolism,® or by scanning with indeterminate re-
sults that was accompanied by deep-vein thrombosis confirmed
by venography or compression ultrasonography.

Patients were excluded from the study if, in the opinion of the
physician in charge, they had massive pulmonary embolism re-
quiring thrombolytic therapy or pulmonary embolectomy; if they
had active bleeding or disorders contraindicating anticoagulant
therapy; if they had received anticoagulant therapy at a therapeu-
tic dose for more than 24 hours before entering the study (the
receipt of such therapy for 24 hours or less before randomization
was permitted); if their life expectancy was less than three months;
if they had severe hepatic or renal failure; if noncompliance was
likely; or if they were pregnant. After the patients gave written in-
formed consent, central randomization was performed with the
use of a 24-hour computer service.

Treatment Regimens

The patients assigned to therapy with low-molecular-weight
heparin were given a fixed dose of 175 international anti—factor
Xa units of tinzaparin (Innohep, Leo Pharmaceutical Products,
Ballerup, Denmark) per kilogram of body weight subcutaneously
once daily. The patients assigned to therapy with unfractionated
heparin (Leo Pharmaceutical Products) received an initial bolus
dose of 50 IU per kilogram, followed by a continuous intrave-
nous infusion at an initial rate of 500 IU per kilogram per day.
The dose was subsequently adjusted so that the activated partial-
thromboplastin time would be two to three times the control val-
ue in normal subjects. The tests were performed six hours after
the start of treatment, whenever a subtherapeutic activated par-
tial-thromboplastin time had been measured after a dose adjust-
ment, and otherwise daily.

In each patient, oral anticoagulant therapy was begun between
the first and third days of the initial heparin therapy and was con-
tinued for at least three months on an open-label basis. The dose
was adjusted to achieve an international normalized ratio of 2.0
to 3.0. Treatment with either unfractionated heparin or low-
molecular-weight heparin was given until the international nor-
malized ratio was 2.0 or above on two measurements made 24
hours apart after at least five days of treatment with heparin. The
use of antiplatelet and antiinflammatory drugs was prohibited
during the study.
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Surveillance and Follow-up

All the patients were examined daily during the initial therapy;
symptoms and signs of recurrent venous thromboembolism or
bleeding were sought. When pulmonary embolism was docu-
mented by angiography alone, a perfusion lung scan was required
within 48 hours of enrollment. For all patients, compression ul-
trasonography of the lower limbs was strongly encouraged at en-
rollment.

Patients in whom recurrent pulmonary embolism was suspect-
ed on the basis of clinical signs or symptoms underwent ventila-
tion—perfusion scanning or angiography. Recurrent pulmonary
embolism was diagnosed if there was a new perfusion defect, seg-
mental or larger, on the lung scan. If the lung scan was inconclu-
sive, pulmonary angiography was performed; a recurrence was de-
fined as a new intraluminal filling defect or a new sudden cutoft
in an arterial branch that was not present on the first angiogram.
If no previous pulmonary angiogram was available for compari-
son, a recurrence was diagnosed when the angiogram showed an
intraluminal defect or a sudden cutoft in an area where the initial
perfusion lung scan showed normal perfusion.

Patients with suspected new or recurrent deep-vein thrombosis
on the basis of the clinical findings underwent ultrasonography
or venography, whichever test had been previously performed and
had results available for comparison. The criterion for deep-vein
thrombosis was either a constant intraluminal filling defect on ve-
nography or a lack of compressibility on ultrasonography when
that finding represented a change from the results of the base-line
test. All the angiograms and venograms were reviewed by three
readers who were unaware of the treatment assignments. In addi-
tion, perfusion lung scans were systematically repeated in all pa-
tients between day 8 and day 11.

Complete blood counts were obtained twice weekly during the
initial treatment period (from day 1 to day 8) and whenever there
was any bleeding. Severe thrombocytopenia was defined as pres-
ent if the platelet count fell below 50,000 per cubic millimeter or
if it was between 50,000 and 100,000 per cubic millimeter and
accompanied by clinical signs of bleeding or thrombosis.

Bleeding was defined as major if it was overt and associated ei-
ther with a decrease in the hemoglobin concentration by at least
2.0 g per deciliter or with the need for the transfusion of 2 or
more units of blood, or if the bleeding was intracranial or retro-
peritoneal.

Deaths were classified as due to pulmonary embolism (when
there was strong clinical evidence or evidence at autopsy), hem-
orrhage, cancer, or other causes (including unknown causes).

Outcome Measures

The primary end point was a combined outcome event, defined
as death, symptomatic recurrent thromboembolism, or major
bleeding within the first eight days of the study. This combined
end point was also assessed at day 90. Data on all potential out-
come events were submitted to an independent adjudication
committee whose members were unaware of the treatment as-
signments.

A secondary end point was the change from day 1 to day 8 in
the extent of scintigraphically detectable pulmonary vascular ob-
struction, expressed as a percentage. The method used to calcu-
late this percentage has been previously described.’? Each lobe
was assigned a weight based on the regional distribution of blood
flow, as follows: right upper lobe, 0.18; right middle lobe, 0.12;
right lower lobe, 0.25; left upper lobe, 0.13; lingula, 0.12; left
lower lobe, 0.2. The perfusion of each lobe was estimated visually
on the basis of the film density and was scored on a scale from
0 (not perfused) to 1 (normally perfused), with use of a semi-
quantitative method of evaluation (0, 0.25, 0.50, 0.75, and 1).
Each lobar-perfusion score was then calculated by multiplying the
weight assigned to the lobe by the estimated perfusion of that
lobe and totaling the six separate lobar-perfusion scores. The per-
centage of vascular obstruction was calculated as: (1 —overall per-
fusion score) X 100. All the scans were reviewed independently
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and scored according to this method by two readers, each un-
aware of the patient’s treatment assignment. Cases in which there
were disputes (that is, any absolute differences in scoring by more
than 10 percent between the two readers) were reevaluated by
both readers, and a consensus was reached.

Statistical Analysis

The primary analysis was performed on an intention-to-treat
basis. The results in the two treatment groups were compared by
Fisher’s exact test. Ninety-five percent confidence intervals for the
difference between the two groups in the incidence of outcome
events were calculated with the normal approximation to the bi-
nomial distribution. The log-rank test was used to assess differ-
ences in the cumulative incidence of events.

RESULTS
Patients

The recruitment of patients began in July 1995
and was completed in July 1996. Of 1482 consecu-
tive patients who met the criteria for enrollment,
766 (52 percent) were excluded from the study for
the following reasons: massive pulmonary embolism
requiring thrombolytic therapy (177 patients) or in-
terruption of the inferior vena cava (55), contraindi-
cations to anticoagulant therapy or concomitant use
of an unauthorized drug (81), previous treatment
with an anticoagulant drug for more than 24 hours
(2606), short life expectancy (51), any reason that
rendered follow-up impracticable (101), and various
other reasons (35). Among the 716 cligible patients,
104 (15 percent) declined to participate. Of the re-
maining 612 patients, 308 were randomly assigned
to receive intravenous unfractionated heparin and
304 to receive low-molecular-weight heparin. Four
patients (one assigned to unfractionated heparin and
three assigned to low-molecular-weight heparin) did
not receive the study drug but were included in the
follow-up and in the study analysis. The base-line
characteristics of the treatment groups were similar
(Tables 1 and 2).

Anticoagulant Therapy

Among the 612 patients included in the study,
423 (69 percent) — 201 assigned to unfractionated
heparin and 222 assigned to low-molecular-weight
heparin — received therapeutic doses of unfractionat-
ed heparin before randomization. The mean (+SD)
duration of anticoagulant treatment at a therapeutic
dose before randomization was 18*+6 hours in the
patients assigned to unfractionated heparin and
18+7 hours in the patients assigned to low-molec-
ular-weight heparin. The doses and duration of the
study treatments and of oral anticoagulant agents
are shown in Table 3.

Primary End Points

During the eight days after randomization, nine
patients assigned to receive unfractionated heparin
(2.9 percent) died or had symptomatic recurrent
venous thromboembolism or major bleeding, as com-

TABLE 1. BASE-LINE CHARACTERISTICS
OF THE STUDY PATIENTS.*

UNFRACTIONATED LOw-MOLECULAR-

HEPARIN WEIGHT HEPARIN
CHARACTERISTIC (N=308) (N=304)
Age (yr) 67+16 67+16
Weight (kg) 7314 74*14

no. of patients (%)

Male sex 139 (45) 133 (44)
Predisposing factors
Previous venous 86 (28) 80 (26)
thromboembolism
Surgery in past 3 mo 53 (17) 43 (14)
Known cancer 34 (11) 26 (9)
Bed rest for >72 hr 47 (15) 53 (17)
Heart disease 71 (23) 64 (21)
Deep-vein thrombosist 204 (70) 217 (74)
Proximal 152 157
Distal 52 60

*Plus—minus values are means =SD.

tDeep-vein thrombosis was assessed in 293 patients as-
signed to unfractionated heparin and 295 patients assigned
to low-molecular-weight heparin.

TABLE 2. SELECTED CHARACTERISTICS OF PULMONARY EMBOLISM
IN THE STUDY PATIENTS AT ENROLLMENT.

UNFRACTIONATED Low-MOLECULAR-

HEPARIN WEIGHT HEPARIN
CHARACTERISTIC* (N=308) (N=304)
Clinical findings — no. of patients (%)
Dyspnea 265 (86) 281 (92)
Chest pain 133 (43) 124 (41)
Hemoptysis 19 (6) 16 (5)
Heart rate =100 beats/min 80 (26) 75 (25)
Symptoms of DVT 124 (40) 131 (43)
Symptoms suggesting severe embo- 82 (27) 89 (29)
lismt
Mean (*SD) pulmonary vascular 46+21 47+20

obstruction — %
Obstruction =50% — % of patients 48 47

Criterion used to diagnose pulmonary
embolism — no. of patients (%)

High-probability lung scan 230 (75) 226 (74)

Pulmonary angiogram 42 (14) 38 (12)

Indeterminate lung scan + confirmed 32 (10) 38 (12)
DVT

Otherf 4 (1) 2(1)

*DVT denotes deep-vein thrombosis. Scintigraphic data on the percent-
age of pulmonary vascular obstruction at enrollment were not available for
65 patients.

tThese symptoms included acute right ventricular failure (in 15 percent
of patients), cyanosis (in 13 percent), syncope (in 9 percent), and cardio-
vascular collapse (in 2 percent).

$These methods included echocardiography and spiral computed tomo-
graphic scanning.
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TABLE 3. ANTICOAGULANT THERAPY
PROVIDED TO THE STUDY PATIENTS
ACCORDING TO TREATMENT GROUP.

Mean

VARIABLE VALUE*
Unfractionated heparin

Days of treatment 7.0x2.4
Dose on day 1 (IU) 32,439
Daily dose, days 1 to 8 (IU) 27,495
Days to start of oral anticoagulation 2.0=1.0
Low-molecular-weight heparin

Days of treatment 7.3%2.3
Days to start of oral anticoagulation 2.0=1.0

*Plus—minus values are means *=SD.

TABLE 4. OUTCOME EVENTS IN THE STUDY PATIENTS
ACCORDING TO TREATMENT GROUP.

Low-MOLECULAR-
WEIGHT HEPARIN
(N=304)

UNFRACTIONATED
HEPARIN
EVENT AND TIME OF OCCURRENCE (N=308)

no. of patients (%)

Death
Days 1-8 3 4
Days 9-90 11 8
Total 14 (4.5) 12 (3.9)

Difference, 0.6 percentage point
(95% confidence interval, —2.6 to 3.8)
Recurrent venous thrombo-

embolism
Days 1-8 2 3
Days 9-90 4 2
Total 6(1.9) 5(1.6)

Ditterence, 0.3 percentage point
(95% confidence interval, —1.8 to 2.4)
Major bleeding

Days 1-8 5 3
Days 9-90 6 4
Total* 8(2.6) 6 (2.0)

Ditterence, 0.6 percentage point
(95% confidence interval, —1.8 to 3.0)
At least one outcome event

Days 1-8 9 9
Days 9-90 16 12
Total* 22 (7.1) 18 (5.9)

Difference, 1.2 percentage points
(95% confidence interval, —2.7 to 5.1)

*Patients who had events both between days 1 and 8 and between days
9 and 90 were counted only once.

pared with nine patients assigned to receive low-
molecular-weight heparin (3.0 percent) (Table 4).
There was an absolute difference of 0.1 percentage
point between the two groups (95 percent confi-
dence interval, —2.7 to 2.6).

From day 1 through day 90, 22 patients (7.1 per-
cent) assigned to unfractionated heparin and 18
patients (5.9 percent) assigned to low-molecular-
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weight heparin reached at least one of the clinical
end points. There was an absolute difference of 1.2
percentage points (95 percent confidence interval,
—2.7 to 5.1), and there was no significant difference
between the treatment groups.

Analysis by the log-rank test, which takes into ac-
count the length of time to the first clinical event,
did not show any significant difference between
groups (P=0.55) in the frequency of the combined
end point (Fig. 1).

Mortality

During the initial treatment (from day 1 to day
8), three patients receiving unfractionated heparin
died (1.0 percent), as compared with four patients
receiving low-molecular-weight heparin (1.3 per-
cent). During the three-month study period, 14 pa-
tients assigned to unfractionated heparin died (4.5
percent), as compared with 12 patients assigned to
low-molecular-weight heparin (3.9 percent) (Table
4). The causes of death are shown in Table 5.

Recurrent Venous Thromboembolism

Among the 308 patients treated with unfraction-
ated heparin, 30 had at least one episode of clinically
suspected recurrent thromboembolism during the
three months of the study. Of these patients, six (1.9
percent of the entire treatment group) met the cri-
teria established by the adjudication committee for
documented recurrent thromboembolism. Among
the 304 patients treated with low-molecular-weight
heparin, 32 had suspected recurrences, 5 of whom
(1.6 percent) met the committee’s criteria. Overall,
5 of the 612 patients had pulmonary embolism,
3 had only deep-vein thrombosis, and 3 had both
pulmonary embolism and deep-vein thrombosis.

Bleeding Complications

During the initial treatment (from day 1 to day
8), five patients receiving unfractionated heparin (1.6
percent) had major bleeding, as compared with three
patients receiving low-molecular-weight heparin (1.0
percent). The activated partial-thromboplastin time
was above the therapeutic level in two of the five pa-
tients receiving unfractionated heparin. The interna-
tional normalized ratio was above the therapeutic
level in one patient in each group. One patient in
the unfractionated-heparin group who had retro-
peritoneal bleeding on day 6 died on day 7. There
were no episodes of fatal bleeding among the
patients receiving low-molecular-weight heparin.
During the initial treatment, minor bleeding was
noted in 8 patients receiving unfractionated heparin
and 17 patients receiving low-molecular-weight hep-
arin (P=0.10).

From day 9 through day 90, 10 patients had ma-
jor bleeding (Table 4) and 22 had minor bleeding
(9 patients receiving unfractionated heparin and 13
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patients receiving low-molecular-weight heparin). One
patient assigned to unfractionated heparin died of a
hemorrhagic stroke on day 36, and one patient as-
signed to low-molecular-weight heparin died with
massive hemoptysis on day 68 (Table 5).

Overall, during the three-month study period,
there was major bleeding in eight patients assigned
to unfractionated heparin (2.6 percent) and six pa-
tients assigned to low-molecular-weight heparin (2.0
percent) (Table 4).

Perfusion Lung Scans

For 65 patients (34 treated with unfractionated
heparin and 31 treated with low-molecular-weight
heparin), the percentage of scintigraphically detect-
able vascular obstruction could not be accurately
assessed at enrollment, and these patients were there-
fore excluded from the analysis of vascular obstruc-
tion. For the 547 remaining patients, the mean vas-
cular obstruction at enrollment was 46+21 percent
in 274 patients assigned to unfractionated heparin
and 4720 percent in 273 patients assigned to low-
molecular-weight heparin. Overall, the base-line ex-
tent of scintigraphically detectable vascular obstruc-
tion exceeded 50 percent in 47 percent of patients
(Table 2).

Twenty-nine additional patients could not be
studied at day 8. From day 1 to day 8, the absolute
decrease in pulmonary vascular obstruction was
19.0£13.9 percent in 260 patients assigned to un-
fractionated heparin and 18.4*+13.5 percent in 258
patients assigned to low-molecular-weight heparin.

Among the patients assigned to unfractionated
heparin, the perfusion lung scans improved in 81
percent, remained unchanged in 17 percent, wor-
sened in 0.3 percent, and could not be properly com-
pared from day 1 to day 8 in 1.7 percent. Among the
patients assigned to low-molecular-weight heparin,
the scans improved in 80 percent, remained un-
changed in 17 percent, worsened in 0.7 percent, and
could not be properly compared from day 1 to day
8 in 2.1 percent.

Other Findings

Heparin-induced thrombocytopenia developed on
day 7 in one patient receiving unfractionated heparin
(platelet count, 29,000 per cubic millimeter) and in
no patient receiving low-molecular-weight heparin.
On day 2, one patient treated with low-molecular-
weight heparin had an ischemic stroke associated
with pulmonary hypertension and a patent foramen
ovale, suggesting a paradoxical embolism.

DISCUSSION

Pulmonary embolism is a potentially fatal disease
in which anticoagulant therapy has been shown to
improve outcomes dramatically!! Unfractionated hep-
arin is considered the treatment of choice for most

301+

— Low-molecular-weight heparin
--==- Unfractionated heparin

No. with Outcome Event

Days

Figure 1. Time-to-Event Analysis of the Occurrence of Recur-
rent Thromboembolism, Major Bleeding, or Death, Studied as
a Combined Outcome.

There was no significant difference between the treatment
groups in the frequency of the combined outcome (P=0.55 by
the log-rank test).

TABLE 5. CAUSES OF DEATH IN THE TWO TREATMENT GROUPS.

Low-MOLECULAR-

CAuUsE OF DEATH UNFRACTIONATED HEPARIN WEIGHT HEPARIN

NO. OF DAYS NO. OF DAYS
NO. WHO  AFTER START NO. WHO AFTER START
DIED OF THERAPY DIED  OF THERAPY
Pulmonary embolism* 3 1,2,19 3 1,4,9
Major bleeding 2 7, 36 1 68
Cancer 4 45, 54, 81, 82 2 10, 71
Othert 1 19 3 24, 44, 61
Unknown 4 59, 70, 76, 87 3 2, 8,1 40

*This cause was judged certain or highly probable.

tThese causes included septic shock (in one patient) and congestive
heart failure (in three patients).

1This patient’s autopsy ruled out the possibility that the death was due
to a recurrence of pulmonary embolism.

patients with pulmonary embolism, except those with
hemodynamic instability, who may need thrombolyt-
ic therapy.212

Our study indicates that tinzaparin, a low-molec-
ular-weight heparin, can be used safely and effective-
ly when given once daily to treat patients with acute,
symptomatic pulmonary embolism. Indeed, in both
the group receiving unfractionated heparin and the
group receiving low-molecular-weight heparin, rates
of recurrence, major bleeding, and death were both
similar and low. During the initial eight days of treat-
ment, the overall incidence of severe critical events
was similar in both groups (roughly 3 percent). Dur-
ing the three months of follow-up, there was a non-
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significant trend favoring low-molecular-weight hep-
arin as compared with unfractionated heparin, with
overall rates of recurrence, major bleeding, and
death of 5.9 percent and 7.1 percent, respectively.

Our study was unblinded, but we took special
care to minimize potential biases. For this purpose,
consecutive patients were included, all suspected re-
currences of thromboembolism had to be confirmed
by objective tests, and all the critical events were as-
sessed by an independent adjudication committee.

Our findings are consistent with those of recent
studies of the treatment of deep-vein thrombosis
with low-molecular-weight heparins.?-> In one study,
among patients treated with tinzaparin for proximal
deep-vein thrombosis, after three months the re-
ported incidence of recurrence was 2.8 percent, that
of major bleeding was 2.8 percent, and that of death
was 4.7 percent.® Using the same regimen of tinza-
parin to treat acute pulmonary embolism, we ob-
served similar rates of recurrent thromboembolism
(1.6 percent), major bleeding (2.0 percent), and
death (3.9 percent).

In patients with pulmonary embolism receiving
unfractionated heparin, rates of recurrence, major
bleeding, and death in the first three months of
treatment have been reported to be markedly higher
than in our study — about 5 to 10 percent higher
for each end point.!315 However, these data were de-
rived from small trials performed 5 to 20 years ago.
At that time, the diagnosis of pulmonary embolism
was generally based on pulmonary angiography,
which is associated with an increased incidence of
severe hemorrhagic complications.1¢

The selection criteria we used probably caused
some patients who were at high risk of death, recur-
rence, or major bleeding to be excluded from the
study. Indeed, among the 1482 patients who met
the criteria for enrollment, 12 percent were exclud-
ed because they required thrombolytic therapy, 3.7
percent because they needed interruption of the
vena cava, 3.4 percent because of a short life expect-
ancy, and 5.5 percent because of a contraindication
to anticoagulant therapy. However, all the patients
included in our study presented with clinical symp-
toms due to pulmonary embolism, and 28 percent
had clinical features compatible with major pulmo-
nary embolism, including cyanosis, syncope, acute
right ventricular failure; and even shock (in 2.0 per-
cent). Also, 47 percent of our patients had evidence
on perfusion scanning of vascular obstruction ex-
ceeding 50 percent. In that subgroup, the event rate
was slightly higher (8.7 percent) than it was in the
subgroup of patients whose perfusion scans showed
less than 50 percent obstruction (5.8 percent). In the
subgroup with more severe obstruction, the trend
continued to favor low-molecular-weight heparin
over unfractionated heparin.

Nevertheless, the unexpectedly low event rate in
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the overall study population markedly reduced the
statistical power of the study to detect a significant
difference between the treatment groups. However,
the general trend suggests that low-molecular-weight
heparin is as effective and safe as intravenous unfrac-
tionated heparin under the conditions of the study.
Had the trend favoring low-molecular-weight hepa-
rin continued, almost 10,000 patients would have
been required for the study to show a statistically
significant difference.

Among patients with deep-vein thrombosis, a ma-
jor advantage of low-molecular-weight heparin over
continuous intravenous unfractionated heparin is
that the therapeutic regimen is greatly simplified, in-
creasing convenience to patients and allowing the
possibility of outpatient treatment that could sub-
stantially reduce costs1718 Our study suggests that
the use of low-molecular-weight heparin may be ex-
tended to patients with acute symptomatic pulmo-
nary embolism after those with hemodynamic insta-
bility are excluded.
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APPENDIX

The following investigators, all in France except as otherwise noted, also
participated in this study. Study Centers: Hopital Laennec, Paris —
G. Meyer; Hopital Antoine Béclere, Clamart — F. Parent; Hopital Trous-
seau, Tours — G. Pacouret; Hopital Bellevue, St. Etienne — H. Decousus
and B. Tardy; Hopital Hotel Dieu, Paris — A. Achkar; Hopital André Mi-
gnot, Versailles — J. Schwob and J.P. Normand; Hoépital Hoétel Dieu,
Rennes — C. Almange; Hoépital Robert Debré, Reims — J. Elaerts and
D. Maes; Centre Hospitalier Schaftner, Lens — P Pignon; Centre Hospi-
talier, Pau — N. Delarche and M. Le Blay; Centre Hospitalier Général,
Narbonne — P Battistella; Hopital Bichat, Paris — P.G. Steg and D. Czit-
rom; Hopital Gabriel Montpied, Clermont Ferrand — B. Citron; Centre
Hospitalier Lyon Sud, Lyon — D. Vital Durand and C. Grange; Hopital
Bon Secours, Metz — K. Khalife; Centre Hospitalier Général, Angouléme
— M. Waynberger; Centre Hospitalier Général Lucien Hussel, Vienne —
M. Madignier; Hopital Sud, Amiens — J.C. Quiret and G. Jarry; Hopital
Edouard Herriot, Lyons — J. Ninet; Hopital Broussais, Paris — J.N.
Fiessinger and J. Emmerich; Hoépital Boucicaut, Paris — J. Labrousse and
J.L. Dichl; Centre Hospitalier Général, Firminy — P Sagnol; Hopital
d’Instruction des Armées Sainte Anne, Toulon — G.V. Dussarat; Centre
Hospitalo-Universitaire, Lille — G. Ducloux and O. Nugue; Clinique des
Franciscaines, Nimes — E. Bosc; Gasthuisberg Hospital, Leuven, Belgium
— R. Verhaeghe; Centre Hospitalier, Blois — M. Lang; Hopital Victor
Provo, Roubaix — P. Quandalle and X. Demarcq; Centre Hospitalo-Uni-
versitaire Dupuytren, Limoges — C. Cassat and G. Rambaud; Hopital
Central, Nancy — M.C. Laprevote and G. Thibaut; Hopital Victor Du-
pouy, Argenteuil — J.P. Sollet; Centre Hospitalier Général Robert
Ballanger, Aulnay-sous-Bois — O. Sitbon; Hopital du Bocage, Dijon —
B. Lorcerie and B. Bonnotte; Centre Hospitalo-Universitaire, Caen —
G. Grollier; Centre Hospitalier, Martigues — A. Ebagosti; Hoépital Saint
Jacques, Besangon — J.P. Bassand; Hopital Cantonal Universitaire, Geneva
— A. Perrier; Hopital Beaujon, Clichy — R. Pariente, A. Cohen-Solal, and
G. Jebrak; Centre Hospitalo-Universitaire, Rouen — H. Levesque; Hopital
de la Timone, Marseilles — M. Bory; Centre Hospitalo-Universitaire la Mi-
letrie, Poitiers — R. Barraine; Centre Hospitalier Gustave Dron, Tourcoing
— E. Decoulx; Hopital Hotel Dieu, Angers — P. Geslin and P. Tron; Hopi-
tal de Rangueil, Toulouse — A. Elias; Hopital Louis Mourrier, Colombes
— D. Dreyfuss; Centre Hospitalo-Universitaire, Le Krémlin-Bicétre —
O. Taravella; Hopital Saint Eloi, Montpellier — C. Janbon; Centre Hos-
pitalier, Le Mans — D. Fagart; Centre Hospitalier de la Cote Basque,
Bayonne — A. Blanc; Hopital du Val de Gréce, Paris — J.P. Ollivier; Hopi-
tal Arnaud de Villeneuve, Montpellier — J.M. Davy; Hopital Louis Pradel,
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Lyons — J.E. Cordier. Central Data Management Office and Biostatis-
tics: Leo Pharmaceuticals France, St. Quentin en Yvelines — A. Rakoto-
manga, J.J. Heilmann, L. Nguyen Trong, C. El Rawadi, J.C. Dhuin, and
L. Goncalves. Adjudication Committee: P. Girard (Paris), B. Jarrousse
(Bobigny), and M. Stern (Suresnes). Independent Supervision Commit-
tee: H. Bounameaux (Geneva), M. Dechavanne (Lyons), and A. Leizo-
rovicz (Lyons). Central reading of lung scans: M.A. Collignon (Paris)
and M. Wartski (Le Plessis-Robinson).
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