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A bs tr ac t

Background

Venous thromboembolism is treated with unfractionated heparin or low-molecular-
weight heparin, followed by a vitamin K antagonist. We investigated the potential use 
of idraparinux, a long-acting inhibitor of activated factor X, as a substitute for stan-
dard therapy.

Methods

We conducted two randomized, open-label noninferiority trials involving 2904 pa-
tients with deep-vein thrombosis and 2215 patients with pulmonary embolism to com-
pare the efficacy and safety of idraparinux versus standard therapy. Patients received 
either subcutaneous idraparinux (2.5 mg once weekly) or a heparin followed by an 
adjusted-dose vitamin K antagonist for either 3 or 6 months. The primary efficacy 
outcome was the 3-month incidence of symptomatic recurrent venous thromboem-
bolism (nonfatal or fatal).

Results

In the study of patients with deep venous thrombosis, the incidence of recurrence at 
day 92 was 2.9% in the idraparinux group as compared with 3.0% in the standard-
therapy group (odds ratio, 0.98; 95% confidence interval [CI], 0.63 to 1.50), a result 
that satisfied the prespecified noninferiority requirement. At 6 months, the hazard 
ratio for idraparinux was 1.01. The rates of clinically relevant bleeding at day 92 were 
4.5% in the idraparinux group and 7.0% in the standard-therapy group (P = 0.004). 
At 6 months, bleeding rates were similar. In the study of patients with pulmonary em-
bolism, the incidence of recurrence at day 92 was 3.4% in the idraparinux group and 
1.6% in the standard-therapy group (odds ratio, 2.14; 95% CI, 1.21 to 3.78), a find-
ing that did not meet the noninferiority requirement.

Conclusions

In patients with deep venous thrombosis, once-weekly subcutaneous idraparinux for 
3 or 6 months had an efficacy similar to that of heparin plus a vitamin K antagonist. 
However, in patients with pulmonary embolism, idraparinux was less efficacious than 
standard therapy. (ClinicalTrials.gov numbers, NCT00067093 and NCT00062803.)
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The standard treatment for both 
deep venous thrombosis and pulmonary 
embolism is an initial course of unfrac-

tionated heparin or low-molecular-weight hepa-
rin, followed by a vitamin K antagonist for 3 to 
12 months.1,2 This therapy is effective but requires 
laboratory monitoring and dose adjustments. 
Idraparinux (Sanofi-Aventis) is a novel synthetic 
pentasaccharide that inhibits activated factor X and 
differs from fondaparinux in its substantially lon-
ger half-life. Initial clinical experience suggests 
that a fixed dose given subcutaneously once weekly 
is effective and causes less bleeding than vitamin K 
antagonists in the treatment of venous thrombo-
embolism.3,4 In two studies in patients presenting 
with either deep venous thrombosis or pulmonary 
embolism, we tested the hypothesis that idrapar
inux alone in a fixed dose can replace the combi-
nation of unfractionated heparin or low-molecu-
lar-weight heparin with a vitamin K antagonist.

Me thods

Study Organization

We conducted two separate, randomized, open-
label trials: one compared the efficacy and safety 
of idraparinux with those of standard therapy in 
patients with deep venous thrombosis (the DVT 
Study), and the other made a similar comparison 
of therapies in patients with pulmonary embolism 
(the PE Study). The two trials were sponsored by 
Sanofi-Aventis.

The steering committee (including two repre-
sentatives of the sponsor) had final responsibility 
for the study designs, protocols, statistical analy-
sis, study oversight, verification of the data, and 
data analysis. The protocols were approved by the 
institutional review board at each center. The data 
were gathered and maintained by the sponsor. All 
suspected outcome events were classified by a cen-
tral adjudication committee, whose members were 
unaware of treatment assignments. An indepen-
dent data and safety monitoring board periodi-
cally reviewed the studies’ outcomes and advised 
the steering committee. The writing committee 
wrote the first and subsequent drafts of the manu-
script and vouches for the accuracy and complete-
ness of the reported data.

Patients

Consecutive patients over 18 years of age who pre-
sented with acute symptomatic deep venous throm-

bosis or pulmonary embolism were eligible. Pa-
tients presenting with lower-extremity symptoms 
were considered to be candidates for participation 
in the DVT Study, and those presenting with chest 
symptoms were considered to be candidates for 
participation in the PE Study.

The criteria for deep venous thrombosis were 
a calf trifurcation or more proximal vein that was 
not compressible on ultrasonography or an intra-
luminal filling defect on venography.5,6 Criteria for 
pulmonary embolism were an intraluminal fill-
ing defect in subsegmental or more proximal 
pulmonary arteries on spiral computed tomogra-
phy (CT) or pulmonary angiography, a high-prob-
ability finding on a ventilation–perfusion lung 
scan, or a nondiagnostic finding with documented 
deep venous thrombosis.5,6 Patients without chest 
symptoms in whom deep venous thrombosis was 
diagnosed were not routinely tested for pulmo-
nary embolism.

Patients were ineligible if they met one or more 
of the following criteria: receipt of a therapeutic 
dose of low-molecular-weight heparin or unfrac-
tionated heparin administered for more than 
36 hours before randomization; treatment with 
thrombolysis, embolectomy, or a vena cava filter 
required for the current episode; another indica-
tion for a vitamin K antagonist; pregnancy or 
breast-feeding; a creatinine clearance of less than 
10 ml per minute; uncontrolled hypertension (sys-
tolic blood pressure >180 mm Hg or diastolic 
blood pressure >110 mm Hg); or a life expectancy 
of less than 3 months.

After giving written informed consent, pa-
tients were randomly assigned to receive either 
idraparinux or standard therapy with the use of 
a computerized voice-response system. Random-
ization was stratified according to center and in-
tended treatment duration (3 or 6 months on the 
basis of the perceived risk of recurrence, as as-
sessed by the treating physician).

Treatment Regimens

Patients who were assigned to the idraparinux 
group received a once-weekly subcutaneous dose 
of 2.5 mg. For patients with a creatinine clearance 
of less than 30 ml per minute (as calculated with 
the Cockcroft–Gault formula), the second and sub-
sequent doses were 1.5 mg.

Patients who were assigned to receive standard 
therapy received tinzaparin, enoxaparin, or intra-
venous heparin adjusted for the activated partial-
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thromboplastin time (ratio, 1.5 to 2.5), followed 
by warfarin or acenocoumarol (international nor-
malized ratio [INR], 2.0 to 3.0), which was started 
within 24 hours after randomization. During ini-
tial treatment, INRs were determined frequently. 
Heparin was discontinued when the INR was 2.0 
or more for 2 consecutive days and the patient had 
received at least 5 days of initial treatment. There-
after, the INR was determined at least once per 
month.

Surveillance and Follow-up

Patients were contacted weekly up to week 4 and 
at weeks 7 and 13 (as well as at week 26 in the 
6-month stratum). For all patients, a single addi-
tional visit was scheduled 3 months after the end 
of the study period (regardless of whether the dis-
continuation was planned or premature). At each 
contact, a checklist was used to elicit information 
on symptoms and signs of recurrent venous throm-
boembolism and bleeding. Patients were instruct-
ed to report to the study center immediately if any 
of these symptoms occurred. In case of suspect-
ed recurrent pulmonary embolism or deep venous 
thrombosis, the protocol required objective testing.

Outcome Assessment

The primary efficacy outcome was symptomatic 
recurrent venous thromboembolism, defined as 
objectively documented recurrent pulmonary em-
bolism, deep venous thrombosis, or death attrib-
uted to pulmonary embolism. The criteria for di-
agnosis of recurrent pulmonary embolism were 
one or more of the following findings: a new in-
traluminal filling defect on spiral CT or pulmo-
nary angiography, a cutoff of a vessel of more than 
2.5 mm in diameter on pulmonary angiography, 
a new perfusion defect of at least 75% of a segment 
with corresponding normal ventilation (high prob-
ability), a new non–high-probability perfusion de-
fect associated with deep venous thrombosis as 
documented by ultrasonography or venography, or 
a new pulmonary embolism confirmed at autopsy. 
The criteria for the diagnosis of recurrent deep ve-
nous thrombosis were one or more of the follow-
ing findings: a new noncompressible venous seg-
ment or a substantial increase (4 mm or more) in 
the diameter of the thrombus during full compres-
sion in a previously abnormal segment on ultraso-
nography or a new intraluminal filling defect on 
venography.

The main safety outcomes were clinically rel-

evant bleeding (major or clinically relevant nonma-
jor hemorrhage) and death from all causes. Bleed-
ing was defined as major or as clinically relevant 
with the use of criteria described previously (Table 
1).3,5,6 Death was classified as due to pulmonary 
embolism, bleeding, cancer, or other established 
diagnoses. Pulmonary embolism was considered 
the cause of death if there was objective documen-
tation or if the cause of death was unexplained and 
pulmonary embolism could not be confidently 
ruled out.

Statistical Analysis

For each study, we assumed a 4% incidence of the 
primary efficacy outcome in the standard-therapy 
group at 3 months.7 We hypothesized that idra
parinux would be at least as effective as the stan-
dard treatment. In previous studies involving pa-
tients with venous thromboembolism who received 
inadequate treatment, the reported incidence of re-
currence was approximately 20%.8 With the use 
of noninferiority analysis, idraparinux was to be 
considered at least as effective as standard thera-
py if the upper limit of the 95% confidence inter-
val for the odds ratio was less than 2. This corre-
sponded to a preservation of at least 54% of the 
minimal effect, as derived from a literature re-
view.7,8 A sample of 1100 patients per group would 
provide a power of 90% to show noninferiority with 
a one-sided type I error of 0.025.9

Near the end of the planned recruitment peri-
ods, lower-than-expected overall rates of recurrent 
venous thromboembolism were observed in each 
study. According to the protocols, without un-
blinding of the steering committee, we considered 
increasing the sample to 1450 per group to main-
tain the power of each study at 80%. This increase 
was implemented for the DVT Study but not for 
the PE Study on the basis of a recommendation 
from the data and safety monitoring board.

The primary analysis of efficacy for each study 
was based on the incidence of recurrent venous 
thromboembolism at 3 months; odds ratios and 
95% confidence intervals were calculated with the 
use of the normal approximation of the log odds 
ratio. For each study, the null hypothesis that we 
tested was that the upper limit of the 95% con-
fidence interval for the odds ratio was greater than 
2.0. Planned secondary analyses of efficacy in-
cluded the calculation of the cumulative incidence 
of recurrent venous thromboembolism with the 
use of nonparametric Kaplan–Meier estimates and 
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a comparison of these incidences at 6 months in 
the 6-month treatment stratum with the use of 
a Cox proportional-hazards model.

If the prespecified criteria for noninferiority 
were met, we planned to test for a reduced inci-
dence of clinically relevant bleeding at 3 months 
and 6 months with the use of the chi-square test 
and to compare the incidences of major bleeding 
at 3 months and 6 months. All analyses included 
all randomized patients. All reported P values are 
two-sided, except for those in the primary efficacy 
analyses.

R esult s

Patien ts

Between May 2003 and November 2004, a total of 
6054 patients were screened for the DVT Study, 
of whom 2904 were randomly assigned to study 
groups (1452 to the idraparinux group and 1452 
to the standard-therapy group). For the PE Study, 
4628 patients were screened and 2215 were ran-
domly assigned (1095 to the idraparinux group and 
1120 to the standard-therapy group). A diagram 
of the enrollment of patients and randomization 
is shown in the Supplementary Appendix, which 
is available with the full text of this article at www.
nejm.org.

The baseline characteristics of the patients are 
presented in Table 2. The mean age of the patients 
was 58 years in the DVT Study and 62 years in the 
PE Study. Men accounted for 54% of patients in the 
DVT Study and 48% of patients in the PE Study. 
The mean interval between the onset of symptoms 
and randomization was 8 days in both trials. On 
the basis of the clinician’s judgment, a treatment 
duration of 3 months was planned for 22% of pa-
tients in the DVT Study and for 9% of patients in 
the PE Study; 6 months of treatment was planned 
for the remaining patients (see the Supplementary 
Appendix).

Treatment and Follow-up

Data on treatment with idraparinux and initial 
and subsequent treatment in the standard-thera-
py group are shown in Table 3. In the standard-
therapy groups of both studies, more than 80% of 
patients had an INR of 2.0 or more at the end of 
initial treatment (82.8% in the DVT Study and 
84.6% in the PE Study). Reasons for premature 
discontinuation of treatment are listed in Table 3. 
Follow-up with respect to the primary efficacy out-

come was similar in all four groups in the two 
studies and was complete in 99.3% of patients in 
the DVT Study and 99.1% of patients in the PE 
Study.

Recurrent Venous Thromboembolism

In the DVT Study, 191 patients in the idraparinux 
group had at least one episode of suspected re-
current venous thromboembolism before day 92, 
of whom 42 had a confirmed recurrence. In the 
standard-therapy group, the corresponding num-
bers were 145 and 43, respectively. Thus, the in-
cidence of recurrent venous thromboembolism at 
day 92 was 2.9% in the idraparinux group and 3.0% 
in the standard-therapy group (Table 4), for an 
odds ratio of 0.98 (95% confidence interval [CI], 
0.63 to 1.50) in the idraparinux group. Hence, the 

Table 1. Definition of Major and Clinically Relevant Bleeding.*

Major bleeding

Bleeding associated with a fall in hemoglobin of 2 g per deciliter or more

Bleeding that led to a transfusion of 2 or more units of packed red cells or 
whole blood†

Bleeding that involved a critical organ (intracranial, intraocular, intraspinal, 
retroperitoneal, or pericardial)

Bleeding that contributed to death

Clinically relevant bleeding

Any bleeding compromising hemodynamics

Any bleeding leading to hospitalization

Subcutaneous hematoma larger than 25 cm2, or 100 cm2 if there was a trau-
matic cause

Intramuscular hematoma documented by ultrasonography

Epistaxis that lasted for more than 5 minutes, was repetitive (i.e., two or more 
episodes of bleeding more extensive than spots on a handkerchief within 
24 hours), or led to an intervention (e.g., packing or electrocoagulation)

Gingival bleeding occurring spontaneously (i.e., unrelated to eating or tooth 
brushing) or lasting for more than 5 minutes

Hematuria that was macroscopic and was spontaneous or lasted for more 
than 24 hours after instrumentation (e.g., catheter placement or surgery) 
of the urogenital tract

Macroscopic gastrointestinal hemorrhage, including at least one episode of 
melena or hematemesis, if clinically apparent with positive results on a 
fecal occult-blood test

Rectal blood loss, if more than a few spots on toilet paper

Hemoptysis, if more than a few speckles in the sputum and not occurring 
within the context of pulmonary embolism

Any other bleeding type considered to have clinical consequences for a patient 
— such as medical intervention, the need for unscheduled contact (visit 
or telephone call) with a physician, or temporary cessation of a study drug 
— or associated with pain or impairment of activities of daily life

*	Any one or more of the criteria met the definition of either major or clinically 
relevant bleeding.

†	A red-cell unit was defined as the quantity of red cells obtained from or corre-
sponding to approximately 500 ml of whole blood.
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Table 2. Demographic and Clinical Characteristics of the Patients.*

Characteristic DVT Study PE Study

Idraparinux 
(N = 1452)

Standard Therapy
(N = 1452) P Value

Idraparinux 
(N = 1095)

Standard Therapy
(N = 1120) P Value

Age — yr 58.0±17.3 58.9±17.0 0.17 62.2±16.4 61.6±16.2 0.38

Male sex — no. (%) 799 (55.0) 769 (53.0) 0.26 525 (47.9) 552 (49.3) 0.53

Weight — no. (%) 0.46 0.52

<50 kg 26 (1.8) 21 (1.5) 16 (1.5) 21 (1.9)

50 –100 kg 1217 (84.6) 1207 (83.6) 911 (84.1) 917 (82.5)

>100 kg 196 (13.6) 216 (15.0) 156 (14.4) 174 (15.6)

Missing data 13 8 12 8

Creatinine clearance — no. (%) 0.83 0.18

<30 ml/min 19 (1.3) 22 (1.5) 30 (2.8) 25 (2.3)

30 to <50 ml/min 154 (10.9) 164 (11.5) 153 (14.2) 142 (12.9)

50 to <80 ml/min 394 (27.9) 407 (28.6) 363 (33.8) 342 (31.0)

≥80 ml/min 845 (59.8) 828 (58.3) 528 (49.2) 593 (53.8)

Missing data 40 31 21 18

Time between onset of symptoms and  
randomization — days

8.1±12.5 8.3±11.5 0.69 8.3±19.9 8.3±24.4 0.97

Diagnostic method for index DVT — no. (%)

Compression ultrasonography only 1388 (96.4) 1395 (97.1) 0.30

Venography only 52 (3.6) 45 (3.1) 0.48

Other diagnostic test 1 (<0.1) 0

Missing data 12 15

Diagnostic method for index PE — no. (%)

High-probability lung scanning 256 (24.1) 281 (25.7) 0.38

Spiral computed tomography 676 (63.6) 691 (63.2) 0.86

Pulmonary angiography 73 (6.9) 71 (6.5) 0.73

Positive test for DVT 58 (5.5) 50 (4.6) 0.35

Missing data 32 27

Risk factors — no. (%)

Previous venous thromboembolism 314 (21.6) 305 (21.0) 0.68 258 (23.6) 266 (23.8) 0.92

Cancer

Any history 220 (15.2) 201 (13.8) 0.32 155 (14.2) 165 (14.7) 0.70

Active disease 146 (10.1) 138 (9.5) 0.62 92 (8.4) 94 (8.4) 0.99

Surgery or trauma within the previous  
3 mo† 

136 (9.4) 145 (10.0) 0.57 48 (4.4) 47 (4.2) 0.83

Immobilization for >3 days† 93 (6.4) 99 (6.8) 0.65 30 (2.7) 37 (3.3) 0.44

Estrogen therapy† 71 (4.9) 55 (3.8) 0.15 10 (0.9) 16 (1.4) 0.26

Known thrombophilic condition 57 (3.9) 63 (4.3) 0.58 37 (3.4) 34 (3.0) 0.65

Postpartum period† 4 (0.3) 9 (0.6) 0.17 1 (<0.1) 2 (0.2) 0.58

None of the above 780 (53.7) 808 (55.6) 0.30 541 (49.4) 525 (46.9) 0.23

Intended duration of treatment — no. (%) 0.82 0.92

3 mo 321 (22.1) 316 (21.8) 102 (9.3) 103 (9.2)

6 mo 1131 (77.9) 1136 (78.2) 993 (90.7) 1017 (90.8)

*	Plus–minus values are means ±SD. Not all percentages total 100 because of rounding. DVT denotes deep venous thrombosis, and PE pul-
monary embolism.

†	This category applies only to patients with transient risk factors.
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Table 3. Characteristics of Treatment in Each Study.*

Variable DVT Study PE Study

Idraparinux 
(N = 1452)

Standard Therapy
(N = 1452) P Value

Idraparinux 
(N = 1095)

Standard Therapy
(N = 1120) P Value

Patients who received a dose of low-molecular-
weight heparin or unfractionated heparin 
before randomization — no. (%)

980 (67.5) 1050 (72.3) 0.005 915 (83.6) 937 (83.7) 0.96

Duration of heparin therapy before randomization 
— days

0.8±0.6† 0.8±0.4 0.12 0.9±0.4† 0.9±0.4 0.09

Patients who received at least one dose of assigned 
treatment — no. (%)

1448 (99.7) 1450 (99.9) 0.69 1081 (98.7) 1118 (99.8) 0.002

Initial heparin treatment‡

Type of treatment — no. (%)

Unfractionated heparin NA 17 (1.2) NA 119 (10.9)

Low-molecular-weight heparin NA 1408 (98.3) NA 914 (83.7)

Both NA 8 (0.6) NA 59 (5.4)

Missing data NA 19 NA 28

Duration of treatment — days NA 9.2±10.7 NA 9.2±11.8

INR at the end of initial treatment — no. (%)

<2.0 NA 243 (17.3) NA 166 (15.4)

2.0 –3.0 NA 874 (62.2) NA 691 (64.0)

>3.0 NA 289 (20.6) NA 222 (20.6)

Missing data NA 46 NA 41

Mean time in INR range — %§

<2.0 NA 26.2 NA 26.9

2.0–3.0 NA 54.4 NA 54.8

>3.0 NA 19.4 NA 18.3

Duration of treatment with study drug — days

3-mo stratum 90.4±18.7 88.4±14.9 0.15 87.2±24.1 85.3±21.0 0.61

6-mo stratum 171.8±45.8 170.9±38.1 0.55 170.2±49.7 167.6±44.4 0.22

Premature discontinuation of treatment — no. (%)

Before 3 mo 132 (9.1) 93 (6.4) 0.007 126 (11.5) 87 (7.8) 0.003

Investigator-suspected lack of efficacy 32 (2.2) 14 (1.0) 22 (2.0) 3 (0.3)

Adverse events 71 (4.9) 42 (2.9) 71 (6.5) 52 (4.6)

Other reason 29 (2.0) 37 (2.5) 33 (3.0) 32 (2.8)¶

Between 3 and 6 mo‖ 45 (4.0) 61 (5.4) 0.12 35 (3.5) 59 (5.8) 0.02

Investigator-suspected lack of efficacy 2 (0.2) 1 (0.1) 2 (0.2) 2 (0.2)

Adverse events 32 (2.8) 23 (2.0) 24 (2.4) 33 (3.2)

Other reason 11 (1.0) 37 (3.3) 0.11 9 (0.9)§ 24 (2.4) 0.48

*	Plus–minus values are means ±SD. Not all percentages total 100 because of rounding. INR denotes international normalized ratio, and NA 
not applicable.

†	One patient who had an aberrant value (at 365 days) was excluded.
‡	Some patients received a type of low-molecular-weight heparin other than that specified in the protocol.
§	Values indicate the percentage of time during initial treatment in which the INR was in the category shown.
¶	Data were missing for one patient.
‖	Percentages in this category were calculated for all patients who underwent randomization in the 6-month stratum (in the DVT Study, 1131 

patients in the idraparinux group and 1136 in the standard-therapy group; in the PE Study, 993 in the idraparinux group and 1017 in the 
standard-therapy group).
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