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ABSTRACT

Background Low-molecular-weight heparin is known
to be safe and effective for the initial treatment of pa-
tients with proximal deep-vein thrombosis. However,
its application to patients with pulmonary embolism
or previous episodes of thromboembolism has not
been studied.

Methods We randomly assigned 1021 patients
with symptomatic venous thromboembolism to fixed-
dose, subcutaneous low-molecular-weight heparin
(reviparin sodium) or adjusted-dose, intravenous un-
fractionated heparin. Oral anticoagulant therapy with
a coumarin derivative was started concomitantly and
continued for 12 weeks. Approximately one third of
the patients had associated pulmonary embolism.
The outcome events studied over the 12 weeks were
symptomatic recurrent venous thromboembolism,
major bleeding, and death. We sought to determine
whether low-molecular-weight heparin is at least
equivalent to unfractionated heparin in patients with
venous thromboembolism.

Results Twenty-seven of the 510 patients as-
signed to low-molecular-weight heparin (5.3 percent)
had recurrent thromboembolic events, as compared
with 25 of the 511 patients assigned to unfractionat-
ed heparin (4.9 percent). The difference of 0.4 per-
centage point indicates that the two therapies have
equivalent value according to our predetermined
definition of equivalence. Sixteen patients assigned
to low-molecular-weight heparin (3.1 percent) and 12
patients assigned to unfractionated heparin (2.3 per-
cent) had episodes of major bleeding (P=0.63), and
the mortality rates in the two groups were 7.1 per-
cent and 7.6 percent, respectively (P=0.89).

Conclusions Fixed-dose, subcutaneous low-molec-
ular-weight heparin is as effective and safe as adjust-
ed-dose, intravenous unfractionated heparin for the
initial management of venous thromboembolism,
regardless of whether the patient has pulmonary
embolism or a history of venous thromboembolism.
(N Engl J Med 1997;337:657-62.)
©1997, Massachusetts Medical Society.

N Western countries, each year 2 to 4 persons
per 1000 require anticoagulant therapy for
symptomatic deep-vein thrombosis or pulmo-
nary embolism.!3 Although deep-vein throm-
bosis and pulmonary embolism were previously re-
garded as separate clinical entities, there is good
evidence that they are expressions of a single disease
process — namely, venous thromboembolism.*¢

Until recently, the standard treatment of patients
with venous thromboembolism was hospital admis-
sion, with unfractionated heparin given by intrave-
nous infusion for 5 to 10 days, followed by oral an-
ticoagulant therapy for at least 3 months.”® Because
patients vary widely in their anticoagulant response
to unfractionated heparin, frequent laboratory mon-
itoring with appropriate dose adjustment is needed
to keep their level of anticoagulation in the thera-
peutic range. In contrast, the longer half-life of low-
molecular-weight heparins and the more predictable
anticoagulant response make them suitable for sub-
cutaneous administration without laboratory moni-
toring.

Initial trials in hospitalized patients with proximal
deep-vein thrombosis showed that low-molecular-
weight heparin in a dose determined by body weight
alone is at least as effective and safe as unfractionated
heparin.?10 Two further recent trials have had similar
results when low-molecular-weight heparin was giv-
en mainly on an outpatient basis to suitable patients
with proximal deep-vein thrombosis.!l'2 However,
using due caution, these studies excluded patients
with symptoms of pulmonary embolism and some
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patients with a history of venous thromboembolism,
because such patients are thought to have more
serious thromboembolic disease. Before the wide-
spread use of low-molecular-weight heparin is rec-
ommended, the effectiveness of these agents in
treating the full spectrum of patients with venous
thromboembolism must be confirmed.

We report the results of a large, open, internation-
al, randomized clinical trial designed to determine
whether fixed-dose, subcutaneous low-molecular-
weight heparin and adjusted-dose, continuous intra-
venous unfractionated heparin have at least equiva-
lent efficacy in unselected patients with symptomatic
venous thromboembolism. We studied the clinical
outcomes of recurrent venous thromboembolism,
hemorrhage, and death during 12 weeks of follow-
up, with blinded validation of outcome events by a
central adjudication committee.

METHODS
Study Patients

Consecutive patients with acute, symptomatic deep-vein throm-
bosis, pulmonary embolism, or both who were considered to re-
quire antithrombotic therapy were eligible for the study. The
symptomatic deep-vein thrombosis could be limited to the calf or
could involve the popliteal vein or a more proximal vein; the di-
agnosis had to be documented by ultrasonography or venogra-
phy. Clinically suspected pulmonary embolism was confirmed by
ventilation—perfusion lung scanning that showed a high probabil-
ity of pulmonary embolism or by pulmonary angiography or, if
lung scanning was nondiagnostic, by the demonstration of deep-
vein thrombosis on compression ultrasonography or venogra-
phy.56

Patients who met these criteria for inclusion were ineligible for
the study if they had received therapeutic doses of low-molecular-
weight heparin, unfractionated heparin, or oral anticoagulant
therapy for more than 24 hours; if anticoagulant therapy was con-
traindicated; if thrombolytic therapy was planned; if they had had
gastrointestinal bleeding in the preceding 14 days; if they had un-
dergone surgery requiring anesthesia within the previous 3 days;
if they had had a stroke in the preceding 10 days; if the platelet
count was less than 100,000 per cubic millimeter; if they weighed
less than 35 kg; if they were less than 18 years old; if they had a
documented pregnancy or had childbearing potential but were
not using adequate contraception; or if they were in a location
that made follow-up difficult. Patients were enrolled whether
venous thromboembolism developed in the hospital or while the
patients were outpatients. The feasibility of treatment at home
was not considered in assessing eligibility. After the patient gave
informed consent, randomization (stratified according to wheth-
er the patient presented with deep-vein thrombosis only or with
pulmonary embolism, and also stratified according to clinical cen-
ter) was performed with a computer algorithm and the use of a
central 24-hour telephone service that recorded information on
the patient before the treatment assignment was disclosed. The
study protocol was approved by the institutional review boards of
all the clinical centers.

Treatment Regimens

The patients randomly assigned to low-molecular-weight hep-
arin received reviparin sodium (Clivarin, Knoll, Ludwigshafen,
Germany), administered subcutaneously in the following fixed
doses: 6300 anti—factor Xa units twice daily (according to the first
international standard for low-molecular-weight heparin), for pa-
tients weighing more than 60 kg; 4200 units twice daily, for
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patients weighing 46 to 60 kg; and 3500 units twice daily, for
patients weighing 35 to 45 kg. Patients could be treated at home,
but the decision to do so was left to the treating physician. Pa-
tients who received some or all of their treatment at home were
instructed by a nurse in the method of self-injection. When self-
administration was not feasible, the injections were given by a rel-
ative or a nurse.

The patients randomly assigned to unfractionated heparin were
treated in the hospital. They received an intravenous bolus injec-
tion of 5000 IU (Liquemin, Roche, Basel, Switzerland), followed
by a dose of 1250 IU per hour given by continuous intravenous
infusion and adjusted according to a nomogram.!3 In practice, the
clinical centers used an activated partial-thromboplastin time of
60 to 85 seconds as a target value or a fixed ratio of 1.5 to 2.5
times a control value.? These tests were performed 6 to 12 hours
after the start of treatment or 6 to 12 hours after a subtherapeutic
activated partial-thromboplastin time was measured, and other-
wise daily.

Oral anticoagulant treatment with a derivative of coumarin was
begun on the first or second day and continued for a total of 12
weeks. During treatment with the study drug, prothrombin times
were measured at least every other day, with the dose adjusted to
achieve an international normalized ratio of 2.0 to 3.0. The study
drug was discontinued when the international normalized ratio
was maintained above 2.0 for two consecutive days and the pa-
tient had received the study drug for at least five days.

Surveillance and Follow-up

All the patients were contacted daily during the initial treat-
ment, after 14 days, and after 12 weeks. At each visit, a checklist
was used to elicit information on symptoms and signs of recurrent
venous thromboembolism and bleeding. All the patients were in-
structed to report to the clinical center on an emergency basis if
any new symptoms developed that were suggestive of deep-vein
thrombosis or pulmonary embolism. In cases of suspected deep-
vein thrombosis (for example, when there was increased pain or
swelling in the leg) or pulmonary embolism (for example, when
there was dyspnea or chest pain), the patients underwent appro-
priate diagnostic tests. The investigators were asked to report all
clinically unusual episodes of bleeding.

During the initial treatment, platelet counts were obtained ev-
ery third day. Hemoglobin and the hematocrit were measured,
and platelet counts obtained, at base line and after 14 days.

Assessment of Clinical Outcomes

The principal outcome events were objectively confirmed
symptomatic deep-vein thrombosis or pulmonary embolism and
major bleeding within 12 weeks of randomization. Information
on all suspected outcome events and deaths was reviewed and
classified by a central adjudication committee whose members
were unaware of the treatment assignments. A training session was
held at the start of the study concerning the techniques and in-
terpretation of the diagnostic tests used.

The criteria for the diagnosis of symptomatic deep-vein throm-
bosis were as follows: an extension of an intraluminal filling defect
on a venogram; a new intraluminal filling defect or an extension
of the nonvisualization of proximal veins in the presence of a sud-
den cutoft defect on a venogram that was seen on at least two
projections; if no previous venogram was available for compari-
son, an intraluminal filling defect; if no venogram was available,
abnormal results of compression ultrasonography in an area
where compression had been normal or a substantial increase in
the diameter of the thrombus during full compression at the pop-
liteal or femoral vein!''12; or, if neither a venogram nor an ultra-
sonographic study was available, a change in the results of imped-
ance plethysmography from normal to abnormal. The criteria for
the diagnosis of symptomatic pulmonary embolism were as fol-
lows: a new intraluminal filling defect, an extension of an existing
defect, or the sudden cutoff of vessels more than 2.5 mm in di-
ameter on a pulmonary angiogram; if no prior angiogram was
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available, an intraluminal filling defect or a sudden cutoft of ves-
sels more than 2.5 mm in diameter on a pulmonary angiogram;
or if no pulmonary angiogram was available, a defect of at least
75 percent of a segment on the perfusion scan, with normal ven-
tilation. If the ventilation—perfusion scan was nondiagnostic (and
no pulmonary angiogram was available), satisfaction of the crite-
ria for deep-vein thrombosis was acceptable; or pulmonary embo-
lism could be demonstrated at autopsy. Only if no adequate ob-
jective tests had been performed did the adjudication committee
base its final decision on the clinical information provided.

Bleeding was defined as major if it was clinically overt and as-
sociated with a fall in the hemoglobin level of at least 2.0 g per
deciliter or a need for the transfusion of 2 or more units of red
cells; if it was retroperitoneal or intracranial; or if it warranted the
permanent discontinuation of treatment. Deaths were classified as
due to pulmonary embolism (when there was substantive evi-
dence), sudden death, hemorrhage, or another cause.

Statistical Analysis

On the basis of two recent studies comparing low-molecular-
weight heparin with unfractionated heparin, we assumed a 7 per-
cent incidence of recurrent venous thromboembolism with un-
fractionated heparin and a 20 percent reduction in the relative
risk of recurrent venous thromboembolism associated with the
use of low-molecular-weight heparin.!2 On the basis of the pre-
viously observed absolute risk reduction of 12 percentage points
associated with the use of unfractionated heparin as compared
with placebo,!* we took an increase of 3 percentage points as the
threshold value indicating clinical equivalence. From these as-
sumptions, a study of 1000 patients would provide an 80 percent
probability (power) of rejecting, with a one-sided test at a signif-
icance level of 0.05, the hypothesis that the rate of recurrence
with low-molecular-weight heparin would be more than 3 per-
centage points higher than that with unfractionated heparin in
the entire group of patients with venous thromboembolism.

The rates of recurrent venous thromboembolism were com-
pared by the method of Blackwelder.!® This statistical test evaluates
whether the observed difference excludes the specified threshold
for equivalence. For the comparisons of subgroups, the chi-square
test (two-sided) was used.

RESULTS
Study Patients

The recruitment of patients began in November
1994 and ended in October 1995. The follow-up of
the patients was completed in February 1996. A to-
tal of 1745 consecutive patients met the eligibility
criteria, among whom 424 (24 percent) met one
or more of the criteria for exclusion. The three
most common reasons for the exclusion of patients
were the use of therapeutic doses of low-molecular-
weight heparin, unfractionated heparin, or oral an-
ticoagulant therapy for more than 24 hours (200 pa-
tients); contraindications to anticoagulant therapy
(68 patients); and difficulty with follow-up because
of geographic location (59 patients). Only 12 pa-
tients with pulmonary embolism were excluded from
the study because thrombolytic therapy was planned.
Of the 1321 eligible patients, 1021 (77 percent)
gave informed consent and were randomly assigned
to low-molecular-weight heparin (510 patients) or
unfractionated heparin (511). The base-line charac-
teristics of the patients in the two treatment groups
were similar, as Table 1 shows.

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

Low-MoOLECULAR- UNFRACTIONATED

WEIGHT HEPARIN HEePARIN
CHARACTERISTIC (N=510) (N=511)
Demographic variables
Mean (*£SD) age — yr 59.4+17.2 61.6+16.6*

no. of patients (%)

Male sex 258 (51) 267 (52)
Medical history
Previous venous thromboembolism 100 (20) 119 (23)
Surgery within previous 3 mo 164 (32) 130 (25)t
Known cancer 119 (23) 113 (22)
Trauma within previous 3 mo 56 (11) 55 (11)
Bed rest within previous 3 mo 166 (33) 171 (33)
Diagnosis at presentation
Deep-vein thrombosis only} 372 (73) 378 (74)
Method of diagnosis
Compression ultrasonography 288 306
Venography 83 70
Extent of thrombosis
Calf only 44 58
Proximal 328 320
Pulmonary embolism} 138 (27) 133 (26)
Method of diagnosis
Ventilation—perfusion scanning 94 83
Pulmonary angiography§ 9 7
Compression ultrasonography§ 29 34
Venography§ 5 8

*P=0.04 for the comparison between groups.
1P =0.02 for the comparison between groups.

tIn retrospect, three patients with deep-vein thrombosis only and two
with pulmonary embolism did not have abnormal test results at entry.

§This diagnostic method was used to detect clinically suspected pulmo-
nary embolism because there was no high-probability ventilation—perfu-
sion scan.

Treatment and Follow-up

Data on the initial treatment, hospitalization, and
oral anticoagulation are shown in Table 2. The ini-
tial heparin treatment lasted approximately six days
in both treatment groups, and the international nor-
malized ratio was in the therapeutic range for similar
proportions of time in the two groups. The mean
hospital stay was three days less in the group as-
signed to low-molecular-weight heparin, mainly be-
cause 100 of the 372 patients with deep-vein throm-
bosis assigned to that group (27 percent) were not
admitted to the hospital for treatment of their deep-
vein thrombosis. Another 56 of the patients with
deep-vein thrombosis in that group (15 percent)
were discharged during the first three days of treat-
ment. Compliance with treatment and with the study
protocol was high, and no patient was lost to fol-
low-up.

Recurrent Venous Thromboembolism

Among the 510 patients treated with low-molec-
ular-weight heparin, 82 patients had a total of 98
episodes of clinically suspected recurrent venous
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TABLE 2. DATA ON THE INITIAL HEPARIN TREATMENT,
HOSPITALIZATION, AND ORAL ANTICOAGULANT THERAPY.*

VARIABLE

Initial treatment (days)
Dose of unfractionated heparin
(IU/24 hr)
Day 1
Day 2
Hospitalization (days)
INR in therapeutic range at end of
initial treatment (% of patients)
Level of anticoagulation (% of time)
INR <2.0
INR 2.0-3.0
INR >3.0
Oral anticoagulation for >11 wk
(% of patients)

Low-MOLECULAR-

WEIGHT HEPARIN
(N=510)

6.3+x2.4

6.4+7.1
87

22
57
21
95

UNFRACTIONATED
HEPARIN
(N=511)

5.8+2.1

29,610£6623
28,631+7802
9.4+7.8
85

24
57
19
94

*Plus—minus values are means =SD. INR denotes international normal-

ized ratio.

TABLE 3. RATES OF RECURRENT VENOUS
THROMBOEMBOLISM, MAJOR BLEEDING,

AND DEATH DURING THE STUDY.

UNFRACTIONATED
HEePARIN

Low-MOLECULAR-
WEIGHT HEPARIN

VARIABLE

Recurrent venous
thromboembolism

(N=510) (N=511)

no. of patients (%)

Days 0-14 16 15

Days 15-42 9 7

Days 43-84 2 3

Entire study 27 (5.3) 25 (4.9)
Major bleeding

Days 0-14 10 8

Days 15-42 1 3

Days 43-84 5 1

Entire study 16 (3.1) 12 (2.3)*
Death

Days 0-14 5 4

Days 15-42 17 15

Days 43-84 14 20

Entire study 36 (7.1) 39 (7.6)1

*P=0.63 for the comparison between groups.

1P =0.89 for the comparison between groups.

thromboembolism. Of these episodes, 29 (in 27 pa-
tients, or 5.3 percent of the total) met the criteria
for documented recurrent venous thromboembo-
lism. Among the 511 patients treated with unfrac-
tionated heparin, 75 had a total of 88 suspected ep-
isodes that were adjudicated, and 30 episodes (in 25
patients, or 4.9 percent) met the criteria. The abso-
lute difference of 0.4 percentage point between
these rates indicates equivalence between the treat-
ments, since it rules out an increase of 2.7 percent-
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age points or more with low-molecular-weight hep-
arin as compared with standard heparin at the 95
percent level of confidence (P=0.030 for the com-
parison with the preset difference of 3 percentage
points).

The majority of the recurrent venous thrombo-
embolic events occurred during the first 14 days,
and the risk of recurrence decreased over time (Ta-
ble 3). In 17 of the 27 patients assigned to low-
molecular-weight heparin who had recurrences, the
event was symptomatic deep-vein thrombosis; in the
unfractionated-heparin group, the corresponding
number was 13 of 25. In all patients except one, re-
current episodes of venous thromboembolism were
documented by objective tests or at autopsy. Adjust-
ment by logistic-regression analysis for differences in
age and in the frequency of recent surgery at base
line did not alter the results of the study.

Bleeding Complications

Among the reported instances of clinically impor-
tant bleeding, 93 were confirmed by the central ad-
judication committee, and 28 of them met the crite-
ria for major bleeding. There were 46 events among
the patients treated with low-molecular-weight hepa-
rin and 47 among those treated with unfractionated
heparin; 16 and 12 of these, respectively, involved
major bleeding. As Table 3 shows, the majority of
instances of bleeding occurred during the first 14
days of the study.

Mortality

During the 12 weeks of follow-up, 75 patients
(7.3 percent) died: 36 who were treated with low-
molecular-weight heparin (7.1 percent) and 39 who
were treated with unfractionated heparin (7.6 per-
cent). The mortality rate remained fairly constant
over time (Table 3). Among the 36 deaths of pa-
tients treated with low-molecular-weight heparin,
3 (on days 3, 4, and 35) were classified as due to
pulmonary embolism and 3 (on days 18, 55, and
73) were considered sudden. There were no instanc-
es of fatal bleeding in this group. Among the 39
deaths in the unfractionated-heparin group, there
were 3 fatal episodes of pulmonary embolism (on
days 3, 24, and 64), 2 sudden deaths (on days 19
and 44), and 2 instances of fatal bleeding (on days
4 and 5). All six fatal episodes of pulmonary embo-
lism occurred in patients who had pulmonary embo-
lism at presentation.

Additional Observations

Among the 271 patients with pulmonary embo-
lism at presentation, 16 had symptomatic recurrent
venous thromboembolism (5.9 percent; 8 patients
in each treatment group), as compared with 36 of
the 750 patients presenting with deep-vein throm-
bosis only (4.8 percent; 19 patients treated with
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