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DEEP VEIN THROMBOSIS AND

pulmonary embolism are
usually treated with a mini-
mum of 5 days of heparin

therapy overlapped with warfarin,
which is continued for at least 3
months.1 Unfractionated heparin, given
by continuous intravenous infusion
with ongoing dose adjustment in
response to measurements of the
activated partial thromboplastin time
(APTT) has been the standard approach
to initial treatment. Low-molecular-
weight heparin administered subcuta-
neously in fixed weight–adjusted doses
is gradually replacing unfractionated
heparin.1 Subcutaneous administra-
tion without laboratory monitoring
makes low-molecular-weight heparin
suitable foroutpatient treatment,which,
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Context When unfractionated heparin is used to treat acute venous thromboem-
bolism, it is usually administered by intravenous infusion with coagulation monitor-
ing, which requires hospitalization. However, subcutaneous administration of fixed-
dose, weight-adjusted, unfractionated heparin may be suitable for inpatient and
outpatient treatment of venous thromboembolism.

Objective To determine if fixed-dose, weight-adjusted, subcutaneous unfraction-
ated heparin is as effective and safe as low-molecular-weight heparin for treatment of
venous thromboembolism.

Design, Setting, and Patients Randomized, open-label, adjudicator-blinded, non-
inferiority trial of 708 patients aged 18 years or older with acute venous thromboembo-
lism from 6 university-affiliated clinical centers in Canada and New Zealand conducted
from September 1998 through February 2004. Of the randomized patients, 11 were sub-
sequently excluded from the analysis of efficacy and 8 from the analysis of safety.

Interventions Unfractionated heparin was administered subcutaneously as an initial
dose of 333 U/kg, followed by a fixed dose of 250 U/kg every 12 hours (n=345). Low-
molecular-weight heparin (dalteparin or enoxaparin) was administered subcutaneously
at a dose of 100 IU/kg every 12 hours (n=352). Both treatments could be administered
out of hospital and both were overlapped with 3 months of warfarin therapy.

Main Outcome Measures Recurrent venous thromboembolism within 3 months
and major bleeding within 10 days of randomization.

Results Recurrent venous thromboembolism occurred in 13 patients in the unfrac-
tionated heparin group (3.8%) compared with 12 patients in the low-molecular-
weight heparin group (3.4%; absolute difference, 0.4%; 95% confidence interval, −2.6%
to 3.3%). Major bleeding during the first 10 days of treatment occurred in 4 patients
in the unfractionated heparin group (1.1%) compared with 5 patients in the low-
molecular-weight heparin group (1.4%; absolute difference, −0.3%; 95% confi-
dence interval, −2.3% to 1.7%). Treatment was administered entirely out of hospital
in 72% of the unfractionated heparin group and 68% of the low-molecular-weight
heparin group.

Conclusion Fixed-dose subcutaneous unfractionated heparin is as effective and safe
as low-molecular-weight heparin in patients with acute venous thromboembolism and
is suitable for outpatient treatment.

Trial Registration clinicaltrials.gov Identifier: NCT00182403
JAMA. 2006;296:935-942 www.jama.com
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despite the higher cost of low-
molecular-weight heparin compared
with unfractionated heparin, greatly
reduces health care costs.1,2

Although current practice is to ad-
minister unfractionated heparin by in-
travenous infusion and to adjust the
dose based on APTT results, this may
not be necessary or optimal. Trials that
compared administration of unfrac-
tionated heparin by subcutaneous in-
jections with intravenous infusion for
initial treatment of venous thromboem-
bolism have found that the subcutane-
ous route was at least as effective and
safe.3,4

Whether given subcutaneously or in-
travenously, the dose of unfraction-
ated heparin was adjusted in response
to APTT values in previous studies.
However, APTT measurements are of
uncertain clinical relevance in pa-
tients who are being treated with hep-
arin because they differ depending on
the reagents and coagulometers used
for the test,5 they are increased by con-
comitant warfarin therapy,6 and they
have an uncertain relationship to
efficacy and safety. Although some
analyses have shown an association
between low APTT values during
heparin therapy and risk of recurrent
venous thromboembolism, the stud-
ies included in these analyses often
started with a dose of heparin that
was lower than is currently recom-
mended.7-9 In analyses that only in-
cluded studies in which patients
received currently recommended ini-
tial doses of heparin, there was no
association between low APTT values
and recurrent venous thromboembo-
lism.10-12 Similarly, there is no clear as-
sociation between high APTT values
and risk of bleeding, independent of the
dose of heparin that is adminis-
tered.13,14 Furthermore, earlier studies
that used heparin to treat venous
thromboembolism did not chose an ini-
tial heparin dose that was propor-
tional to patient weight, whereas
weight-based dosing of initial heparin
therapy is now recommended.12,15

If unfractionated heparin could be
administered by subcutaneous injec-

tion without coagulation monitoring,
it would make it easier to use and
suitable for outpatient treatment of
venous thromboembolism and would
provide a less expensive alternative to
low-molecular-weight heparin. We
therefore performed a randomized
trial comparing unfractionated hepa-
rin with low-molecular-weight hepa-
rin for initial treatment of venous
thromboembolism. Both drugs were
given subcutaneously, twice daily, in
fixed weight-adjusted doses. Our
hypothesis was that, used in this way,
unfractionated heparin would be as
effective and safe as low-molecular-
weight heparin.

METHODS
Study Patients

Patients aged 18 years or older with
newly diagnosed deep vein thrombosis
of the legs or pulmonary embolism
were potentially eligible. Patients
could have symptomatic deep vein
thrombosis or asymptomatic deep vein
thrombosis that was identified by
screening of high-risk postoperative
patients. Symptomatic proximal deep
vein thrombosis was diagnosed by
compression ultrasonography or by
venography.16 Symptomatic deep vein
thrombosis that was confined to the
calf veins, as well as all asymptomatic
deep vein thromboses, required diag-
nosis by contrast venography.16 Pul-
monary embolism was symptomatic
and objectively diagnosed by a high-
probability ventilation-perfusion lung
scan, by nondiagnostic findings on
lung scan accompanied by diagnostic
findings for deep vein thrombosis, or
by presence of a segmental or more
proximal pulmonary artery filling
defect on computed tomographic
angiography.17

Patients who met the inclusion cri-
teria were ineligible if they had a con-
traindication to subcutaneous therapy,
such as shock or major surgery in the
past 48 hours, had active bleeding, had
a life expectancy of less than 3 months,
had already received acute treatment for
venous thromboembolism for more
than 48 hours, were receiving long-

term anticoagulant therapy, had a con-
traindication to heparin or to radio-
graphic contrast, had a creatinine level
of greater than 200 µmol/L (2.3 mg/
dL), were pregnant, were enrolled in a
competing study, or were unable to
have follow-up assessments because of
geographic inaccessibility. There was no
exclusion criterion for patient weight.
Patients provided written informed con-
sent, and the study was approved by the
institutional review boards of all par-
ticipating clinical centers.

Randomization and Treatment

Randomizat ion was computer-
generated with block sizes of 2 or 4, was
stratified by clinical center, and was per-
formed by having clinical centers tele-
phone an automated centralized sys-
tem. Patients were assigned to initial
treatment with open-label unfraction-
ated heparin (experimental group) or
low-molecular-weight heparin (con-
trol group), each administered subcu-
taneously, twice daily, in doses that
were determined by patient weight, and
without subsequent use of coagula-
tion tests to modify those doses (mea-
surement of APTT or heparin levels by
the clinical centers was prohibited)
(FIGURE). Unfractionated heparin was
given as a first dose of 333 U/kg, fol-
lowed by subsequent doses of 250 U/kg
(25 000 U/mL; multidose vials).1,18

This regimen was based on 3 fac-
tors: a requirement for a 10% higher
dose when heparin is given subcuta-
neously, twice daily, compared with
when heparin is given intravenously by
continuous infusion12,19; acceptance that
intravenously heparin should initially
be given as a weight-based bolus of 80
U/kg, followed by an infusion of 18
U/kg per hour, when treating venous
thromboembolism12,15; and results of a
preliminary study that shows that
therapeutic levels of anticoagulation
would rapidly be achieved with the cur-
rent subcutaneous regimen.18 Low-
molecular-weight heparin was given at
100 IU/kg for all doses (10 000 IU/
mL; multidose vials). Subject to local
availability, dalteparin or enoxaparin
were the low-molecular-weight hepa-
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rin preparations that were used. Un-
fractionated heparin or low-molecular-
weight heparin was given for at least 5
days and until the international nor-
malized ratio was 2.0 or higher for 2
consecutive days. Warfarin was usu-
ally started the same day as heparin and
was continued for a minimum of 3
months with doses adjusted to achieve
an international normalized ratio of be-
tween 2.0 and 3.0.

Follow-up and Outcome Measures

Patients were assessed 3 days, 1 month,
and 3 months after initiation of study
drug treatment and were told to report
immediatelyif theydevelopedsymptoms
suggestiveofvenous thromboembolism
or bleeding. Symptoms suggestive of re-
currentvenous thromboembolismwere
evaluated using standardized diagnos-
tic testing as described previously.20 To
diagnose recurrentvenous thromboem-
bolism, the same criteria that were used
to diagnose an initial episode of venous
thromboembolism had to be satisfied in
segmentsof thedeepveinsorpulmonary
arteries that were previously unaffected
with thrombosis.Noroutine testingwas
performed to detect asymptomatic ex-
tension or recurrence of thrombosis;
therefore, all episodes of recurrent ve-
nousthromboembolismwereassociated
with new symptoms. Sudden unex-
plained deaths were counted as pulmo-
nary embolism. Bleeding was defined as
major if it was clinically overt and asso-
ciated with a decrease in hemoglobin
level of at least 2.0 g/dL, involved a need
for transfusion of 2 or more units of red
bloodcells,or involvedacritical site (eg,
retroperitoneal, intracranial). Platelet
countswerenotroutinelymonitored,but
it was recorded if heparin therapy was
stoppedearlybecauseofthrombocytope-
nia.All outcomeevents anddeathswere
classifiedbyacentral adjudicationcom-
mitteewhosememberswereunawareof
treatment assignment.

Statistical Analyses

The trial was designed to determine if
initial treatment with fixed-dose unfrac-
tionated heparin was as effective as (ie,
not inferior to) treatment with low-

molecular-weight heparin. A fre-
quency of recurrent venous throm-
boembolism of 6% in the 3 months after
starting treatment was expected with
low-molecular-weight heparin.21-23 By
consensus, arrived at by polling throm-
boembolism experts who planned to
participate, it was decided that the study
needed to have a 95% probability of
detecting a higher frequency of recur-
rent thrombosis in the unfractionated
heparin group (1-sided �=.05) if the

unfractionated heparin regimen was
truly associated with a 5% absolute
increase in venous thromboembolism.
In addition, the study was required to
have a 90% power of concluding that
unfractionated heparin was not less
effective than low-molecular-weight
heparin if the 2 treatments were truly
equally effective. A study of 824 patients
satisfies these requirements.24 When, in
conjunction with a slow rate of enroll-
ment, a blinded interim analysis

Figure. Patient Flow

2430 Patients Met Inclusion Criteria

708 Randomized

355 Assigned to Receive Unfractionated
Heparin

351 Received Unfractionated
Heparin as Assigned

4 Did Not Receive Study Drug
2 Diagnosis of Venous

Thromboembolism Reversed
1 Withdrawn From Study by

Physician
1 Receiving Long-term

Anticoagulant Therapy
at Diagnosis

353 Assigned to Receive Low-Molecular-
Weight Heparin

352 Received Low-Molecular-
Weight Heparin as Assigned

1 Did Not Receive Study Drug
(Consent Had Not Been Given)

345 Included in Efficacy Analysis†
10 Not Included in Efficacy Analysis

3 Diagnosis of Venous
Thromboembolism Reversed

1 Randomized in Error

348 Included in Safety Analysis
7 Not Included in Safety Analysis‡

4 Did Not Receive Study Drug
3 Did Not Have Follow-up

4 Receiving Long-term Anticoagulant
Therapy at Diagnosis

1 Withdrew Consent on Day of
Randomization and Not Eligible
(Renal Failure)

1 Withdrawn From Study by
Physician

352 Included in Efficacy Analysis
1 Not Included in Efficacy Analysis†

(Consent Had Not Been Given)

352 Included in Safety Analysis
1 Not Included in Safety Analysis‡

(Did Not Receive Study Drug)

114

582 Refused to Participate

1140 Excluded∗
400 >48 Hours of Acute Anticoagulant Therapy
160 Inaccessible for Follow-up
159 Expected Survival Less Than 3 Months
141 Active Bleeding

83 Subcutaneous Route of Treatment Contraindicated
Competing Study

*Patients could have more than 1 reason for exclusion.
†Among the 11 patients who were not eligible for the analysis of efficacy, no follow-up was performed for 7
patients in the unfractionated heparin group (none known to have had recurrent venous thromboembolism or
bleeding), follow-up was completed and was negative for venous thromboembolism and bleeding in the other
3 patients in the unfractionated heparin group, and no follow-up was performed for the 1 patient in the low-
molecular-weight heparin group (not known to have had recurrent venous thromboembolism or bleeding).
‡All patients who were not analyzed for safety were also patients who were not analyzed for efficacy.
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revealed a lower-than-expected fre-
quency of recurrent venous throm-
boembolism in all randomized patients
combined, a decision was made by the
steering committee to stop the study
after 700 patients were enrolled.

The primary analysis for efficacy was
the absolute difference in the propor-
tion of eligible patients who had recur-
rent venous thromboembolism at 3
months. The primary analysis for safety
was the absolute difference in the pro-
portion of patients who received at least
1 dose of study drug who had an epi-
sode of major bleeding within 10 days
of randomization. A small number of
patientswhounderwentautomated tele-
phone randomization were not included
in the analysis, mostly because they did
not meet eligibility criteria (Figure). The
decision to exclude these patients from
thesafetyandefficacyanalyseswasmade
by the steering committee without
knowledge of patients’ treatment allo-
cations or their subsequent clinical
course, and all such patients are
described in this report.TheFisherexact
test was used to compare proportions.
Data were analyzed using SAS soft-
ware, version 9.1 (SAS Institute Inc,
Cary, NC) and StatXact software, ver-
sion 7.0 (Cytel Corp, Boston, Mass).

Laboratory Assay

When feasible, a single blood sample
was obtained from each patient 6
hours (between 3.0 and 9.9 hours was
acceptable) after injection of unfrac-
tionated heparin on the third day (the
second through sixth days were
acceptable) of treatment for measure-
ment of APTT using Thrombosil (In-
strumentation Laboratory, Lexington,
Mass) and an STA Compact coagu-
lometer (Diagnostica Stago, Asnières
sur Seine, France). All APTT measure-
ments were performed in a centralized
laboratory in Hamilton, Ontario, by
technologists who were blinded to
clinical information. Assays were per-
formed after the study was completed,
and the results were categorized as
low if APTT was shorter than 60 sec-
onds and high if APTT was longer
than 85 seconds; these values corre-

Table 1. Baseline Patient Characteristics*

Characteristics

Unfractionated
Heparin
(n = 355)

Low-
Molecular-

Weight Heparin
(n = 353)

Total
(N = 708)

Age, mean (SD), y 60 (17) 60 (16) 60 (17)

Weight, mean (SD), kg 82 (19) 84 (19) 83 (19)

Women 173 (49) 147 (42) 320 (45)

Active cancer† 59 (17) 53 (15) 112 (16)

Previous venous thromboembolism† 38 (11) 36 (10) 74 (10)

Qualifying thrombotic event
Deep vein thrombosis alone 285 (81) 286 (81) 571 (81)

Symptomatic proximal 276 269 545

Symptomatic isolated distal 8 10 18

Asymptomatic proximal or distal 1 7 8

Pulmonary embolism, symptomatic 68 (19) 66 (19) 134 (19)

Location when qualifying event diagnosed
Outpatient 249 (71) 232 (66) 481 (68)

Inpatient 104 (29) 120 (34) 224 (32)
*Of the randomized patients, 2 who were allocated to the unfractionated heparin group and 1 who was allocated to the

low-molecular-weight heparin group did not have baseline data recorded that could be included in these estimates;
none of these 3 patients was included in either the efficacy or safety analyses (see Figure and text). Data are ex-
pressed as No. (%) unless otherwise indicated.

†Previous venous thromboembolism or active malignancy was noted for these patients; because this information was
not specified for all patients, this number may be an underestimate.

Table 2. Treatment Characteristics by Study Group

Characteristics

Unfractionated
Heparin

(n = 351)*

Low-Molecular-
Weight Heparin

(n = 352)*†

First dose of study drug, mean (SD)
Units 26 080 (6640) 8290 (1930)

Units/kg 320 (33) 99 (10)

Second and subsequent doses of study drug, mean (SD)
Units 20 260 (4570) 8290 (1930)

Units/kg 249 (11) 99 (10)

Days receiving study drug, mean (SD) 6.3 (2.1) 7.1 (2.4)

Location of treatment with study drug, No. (%)
All patients

Outpatient entirely 251 (72) 238 (68)

Inpatient entirely 67 (19) 81 (23)

Patients with symptoms of deep vein thrombosis only
Outpatient entirely 222 (78) 215 (75)

Inpatient entirely 44 (15) 54 (19)

Patients with symptoms of pulmonary embolism
Outpatient entirely 29 (43) 23 (35)

Inpatient entirely 23 (34) 27 (41)

Days receiving study drug as an outpatient, mean (SD)
All patients 5.1 (3.0) 5.4 (3.7)

Patients with symptoms of deep vein thrombosis only 5.3 (2.8) 5.8 (3.6)

Patients with symptoms of pulmonary embolism 4.1 (3.6) 3.7 (3.6)

Percentage of time with INR in given range, mean (SD)‡
INR �2.0 28 (23) 25 (20)

INR 2.0-3.0 55 (22) 56 (21)

INR �3.0 17 (18) 19 (19)
*Four patients randomized to unfractionated heparin and 1 patient randomized to low-molecular-weight heparin did

not receive any study drug.
†The low-molecular-weight heparin was dalteparin in 261 patients and enoxaparin in 91 patients.
‡The percentage of time spent in each international normalized ratio (INR) category while receiving warfarin during 3

months of follow-up was calculated for each patient by linear interpolation.
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spond to antifactor Xa heparin levels
of 0.35 U/mL and 0.7 U/mL, respec-
tively (ie, the therapeutic range for
intravenous heparin in Hamilton,
Ontario). The APTT results were not
available to the clinical centers or to
the central adjudication committee.

RESULTS
Study Patients and Treatment

Patients were enrolled at 6 clinical
centers between September 1, 1998,
and February 29, 2004. A total of 2430
patients were initially assessed as
meeting the inclusion criteria, of
whom 1140 had at least 1 exclusion
criterion and 582 others were eligible
but refused to participate (Figure).
The remaining 708 patients were reg-
istered and randomized to receive
unfractionated heparin (355 patients)
or low-molecular-weight heparin (353
patients) (TABLE 1). Patients in the 2
groups had similar baseline character-
istics (Table 1). Eighty percent of the
patients had symptomatic deep vein
thrombosis without symptoms of pul-
monary embolism, 19% had symptom-
atic pulmonary embolism, and 1% had
asymptomatic deep vein thrombosis;
68% were outpatients and 32% were
inpatients at diagnosis.

For unfractionated heparin, a mean
first dose corresponding to 320 U/kg of
body weight was given; subsequent
doses were a mean of 249 U/kg
(TABLE 2). For low-molecular-weight
heparin (dalteparin in 74% and enox-
aparin in 26% of patients), the mean
dose corresponded to 99 IU/kg
(Table 2). Study drug was given for a
mean of 6.3 days in the unfraction-
ated heparin group and 7.1 days in the
low-molecular-weight heparin group
(Table 2) and was stopped before the
fifth day of treatment in 84 unfraction-
ated heparin group patients and 44 low-
molecular-weight heparin group pa-
tients, most commonly because the
international normalized ratio was
greater than 3.0. One patient stopped
study drug prematurely because of
thrombocytopenia (low-molecular-
weight heparin group); heparin-
induced thrombocytopenia was not sus-

pected. Only 1 patient who prematurely
stopped study drug was subsequently
given the alternative therapy (unfrac-
tionated heparin group). Treatment was
administered entirely in the outpa-
tient setting in 72% of the unfraction-
ated heparin group and 68% of the low-
molecular-weight heparin group
(P=.29) (Table 2).

Recurrent Venous
Thromboembolism

Recurrent venous thromboembolism
occurred in 13 (3.8%) of 345 patients
in the unfractionated heparin group
and 12 (3.4%) of 352 patients in the
low-molecular-weight heparin group
(difference, 0.4%; 95% confidence in-
terval, −2.6% to 3.3%; hypothesis sup-
porting assumptions for noninferior-
ity, P=.002) (TABLE 3). The recurrent
episode of venous thromboembolism
was a pulmonary embolism in 2 pa-
tients in the unfractionated heparin
group (neither was fatal) and in 4 pa-
tients in the low-molecular-weight
heparin group (1 was fatal; a sudden
unexplained death 81 days after
enrollment); the remaining episodes
were deep vein thrombosis. An addi-

tional 41 patients in the unfraction-
ated heparin group and 40 patients in
the low-molecular-weight heparin
group had investigation for and exclu-
sion of suspected venous thromboem-
bolism during follow-up.

Bleeding

During the first 10 days, major bleed-
ing occurred in 4 (1.1%) of 348 pa-
tients in the unfractionated heparin
group and 5 (1.4%) of 352 patients in the
low-molecular-weight heparin group
(difference, −0.3%; 95% confidence in-
terval, −2.3% to 1.7%). During 3 months
of follow-up, major bleeding occurred in
6 patients (1.7%) in the unfractionated
heparin group and 12 patients (3.4%) in
the low-molecular-weight heparin group
(difference, −1.7%; 95% confidence in-
terval, −4.3% to 0.8%). Of the major
bleeding events, 1 in the unfractionated
heparin group (a subdural hematoma as-
sociated with trauma 68 days after en-
rollment) and 1 in the low-molecular-
weight heparin group (an epidural
hematoma 3 days after enrollment) were
fatal. There was 1 other nonfatal intra-
cranial bleed in the low-molecular-
weight heparin group (intracerebral

Table 3. Clinical Outcomes During the Study Period

Outcomes
Unfractionated

Heparin, No. (%)

Low-Molecular-
Weight Heparin,

No. (%)

Risk Difference
(95% Confidence

Interval)

Efficacy analysis n = 345 n = 352

Recurrent venous thromboembolism
First 10 d 1 (0.3) 2 (0.6)* −0.3 (−1.8 to 1.1)

Entire 3 mo 13 (3.8) 12 (3.4)* 0.4 (−2.6 to 3.3)

Type of recurrence
Pulmonary embolism 2 4

Deep vein thrombosis 11 8

Safety analysis n = 348 n = 352

Major bleeding
First 10 d 4 (1.1) 5 (1.4)† −0.3 (−2.3 to 1.7)

Entire 3 mo 6 (1.7) 12 (3.4)† −1.7 (−4.3 to 0.8)

Major or minor bleeding
First 10 d 16 (4.6) 8 (2.3) 2.3 (−0.4 to 5.3)

Entire 3 mo 29 (8.3) 30 (8.5) −0.2 (−4.4 to 4.0)

Deaths
First 10 d 0 (0) 2 (0.6) −0.6 (−2.0 to 6.0)

Entire 3 mo 18 (5.2) 22 (6.3) −1.1 (−4.6 to 2.5)
*Recurrent venous thromboembolism in the first 10 days and in the entire 3 months occurred in 2 (0.7%) and 9 (3.4%)

who received dalteparin and in 0 and 3 (3.3%) who received enoxaparin, respectively.
†Major bleeding in the first 10 days and in the entire 3 months occurred in 5 (1.9%) and 10 (3.8%) who received dalte-

parin and in 0 and 2 (2.2%) who received enoxaparin.
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bleeding associated with a fall 26 days af-
ter enrollment). Only 1 patient had both
a major bleeding event (15 days after en-
rollment) and recurrent venous throm-
boembolism (27 days after enrollment,
while receiving warfarin). Total bleed-
ing, which included major and minor
bleeding, was not significantly different
between the 2 groups at 10 days or at 3
months (Table 3).

Deaths

There were 18 deaths in the unfrac-
tionated heparin group and 22 deaths
in the low-molecular-weight heparin
group. Causes of death in the unfrac-
tionated heparin group were bleeding
in 1, cancer in 13, and other causes in
4 and in the low-molecular-weight hep-
arin group were pulmonary embolism
in 3 (2 occurred after diagnosis of re-
current nonfatal venous thromboem-
bolism), bleeding in 1, cancer in 16, and
other causes in 2.

APTT Values and Clinical Outcomes
in the Unfractionated Heparin Group

The APTT was measured midway be-
tween injections (a mean of 6.0 hours
after the morning dose) a mean of 2.8
days after starting therapy in 197 of the
unfractionated heparin patients. The
APTT values were shorter than 60 sec-
onds in 39 patients, 60 to 85 seconds in
37 patients, and longer than 85 seconds
in121patients.Recurrentvenousthrom-
boembolismduring3monthsof follow-
up occurred in none of the 39 patients
whohadanAPTTofshorter than60sec-
ondscomparedwith5of158(3.2%)who
had an APTT of 60 seconds or longer
(P=.58).Majorbleedingwithin10days
of enrollment occurred in none of 121
patientswhohadanAPTTof longer than
85 seconds compared with none of 76
who had an APTT of 85 seconds or
shorter (P� .99).

COMMENT
This study demonstrates that fixed-
dose, unmonitored, subcutaneous
unfractionated heparin is as effective
and safe as fixed-dose, unmonitored,
subcutaneous low-molecular-weight
heparin in patients with acute venous

thromboembolism. Lack of an associa-
tion between low APTT results and
recurrent venous thromboembolism
or between high APTT results and
bleeding in the unfractionated heparin
group provides additional evidence
that APTT monitoring is not required
with this dosing regimen. More than
75% of patients in each group, includ-
ing a substantial proportion of patients
with pulmonary embolism, were
treated either partially or entirely as
outpatients, indicating that this
unfractionated heparin regimen is
suitable for out-of-hospital use.
Because unfractionated heparin costs
less than low-molecular-weight hepa-
rin, the unfractionated heparin regi-
men is attractive for clinical prac-
tice.2,25 For example, based on a US
average wholesale price of $7.42 per
1000 IU of enoxaparin26 (100 IU cor-
responds to 1 mg) and $0.15 per 1000
U of unfractionated heparin,26 drug
costs for a 6-day course of treatment
for a patient weighing 80 kg would be
$712 for low-molecular-weight hepa-
rin and $37 for unfractionated hepa-
rin. These calculations assume that
both drugs are administered in the
regimens used in this study (ie, twice
daily, with use of multidose vials).

This study has a number of poten-
tial weaknesses that need to be consid-
ered. First, the open-label design could
have led to a biased assessment of out-
comes during follow-up. This is un-
likely because a central adjudication
committee that was blinded to treat-
ment allocation assessed all outcomes
using standardized criteria. In addi-
tion, because a similar number of
patients in each group had a negative
evaluation for venous thromboembo-
lism during follow-up, there is no
evidence to suggest that the clinical cen-
ters had different thresholds for inves-
tigating patients for recurrent throm-
bosis in the 2 groups.

Second, the total number of pa-
tients included in the study was lower
than originally planned because of slow
enrollment. Although the smaller
sample size reduces the precision of the
findings, we still are able to confirm our

hypothesis that the unfractionated hep-
arin regimen is not inferior to low-
molecular-weight heparin (P=.002 for
noninferiority). Furthermore, our data
show that it is very unlikely that there
is as much as a 3.3% higher frequency
of recurrent venous thromboembo-
lism with unfractionated heparin
(Table 3), thereby satisfying the crite-
ria recently used to conclude that
fondaparinux and ximelagatran were
not inferior to standard therapy for
treatment of acute venous thromboem-
bolism.27-29 A power calculation was per-
formed after the study results were
known. For this calculation, we as-
sumed that there were 348 patients
in each treatment group. Using the ob-
served recurrent venous thromboem-
bolism proportion of 3.6% as ex-
pected in each group, a 1-sided � level
of .05, and a power of 90%, the nonin-
feriority margin is 4.1%. That is, a fre-
quency of recurrent venous throm-
boembolism in the unfractionated
heparin group during follow-up of 7.7%
(3.6% plus 4.1%) or greater can be ex-
cluded under the noninferiority hy-
pothesis. Therefore, because the pro-
portion of patients who developed
recurrent venous thromboembolism
was lower than expected (ie, 3.6% vs
6.0%) despite reduced enrollment (ie,
697 vs 824 patients), the study has
greater power (ie, 97%) to detect an ab-
solute increase of recurrent venous
thromboembolism of 5% in the unfrac-
tionated heparin group. However, with
the expression of the noninferiority
margin in relative terms, the reduced
sample size and lower recurrent ve-
nous thromboembolism proportion
produces a larger noninferiority risk ra-
tio of 2.14 (7.7%/3.6%) instead of the
1.83 ratio associated with the original
parameters (11%/6%).

A third potential limitation is that
there were more postrandomization ex-
clusions in the unfractionated heparin
group than in the low-molecular-
weight heparin group (10 vs 1) and that
the decision to exclude these patients
may have been influenced by the open-
label study design. However, as the de-
cision to exclude randomized patients
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from the final analysis was made by the
steering committee without knowl-
edge of treatment allocation, and as only
2 of the 11 postrandomization exclu-
sions (Figure) were due to patient or
physician preference (both patients
were allocated to the unfractionated
heparin group), it is unlikely that post-
randomization exclusions biased the
study results.

Strengths of this study include that
the method of random allocation en-
sured that clinical centers could not an-
ticipate or influence the group to which
patients were allocated (ie, there was
effective concealment),30 that there was
no loss to follow-up of patients who
were eligible for the analysis of effi-
cacy, that suspected episodes of recur-
rent venous thromboembolism were in-
vestigated in a standardized manner,
and that all outcomes were evaluated
by an independent central adjudica-
tion committee.

Two changes in clinical practice oc-
curred in the course of the study that
made it more difficult to enroll pa-
tients. First, once-daily low-molecular-
weight heparin became acceptable for
treatment of acute venous thromboem-
bolism,31 and second, low-molecular-
weight heparin became preferred over
warfarin therapy for long-term treat-
ment of venous thromboembolism in
patients with cancer.32

We conclude that fixed-dose subcu-
taneous unfractionated heparin is as ef-
fective and safe as low-molecular-
weight heparin for initial treatment of
patients with venous thromboembo-
lism and is suitable for treatment at
home. In addition, the results of this
study question the value of APTT moni-
toring in patients who are treated with
currently recommended doses of un-
fractionated heparin.
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The writer’s problem is, how to strike the balance be-
tween the uncommon and the ordinary so as on the
one to hand to give interest, on the other to give
reality.

—Thomas Hardy (1840-1928)
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