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A bs tr ac t

Background

The effects of thromboprophylaxis with low-molecular-weight heparin, as compared 
with unfractionated heparin, on venous thromboembolism, bleeding, and other out-
comes are uncertain in critically ill patients.

Methods

In this multicenter trial, we tested the superiority of dalteparin over unfractionated 
heparin by randomly assigning 3764 patients to receive either subcutaneous dalte-
parin (at a dose of 5000 IU once daily) plus placebo once daily (for parallel-group 
twice-daily injections) or unfractionated heparin (at a dose of 5000 IU twice daily) 
while they were in the intensive care unit. The primary outcome, proximal leg deep-
vein thrombosis, was diagnosed on compression ultrasonography performed with-
in 2 days after admission, twice weekly, and as clinically indicated. Additional test-
ing for venous thromboembolism was performed as clinically indicated. Data were 
analyzed according to the intention-to-treat principle.

Results

There was no significant between-group difference in the rate of proximal leg deep-
vein thrombosis, which occurred in 96 of 1873 patients (5.1%) receiving dalteparin 
versus 109 of 1873 patients (5.8%) receiving unfractionated heparin (hazard ratio in 
the dalteparin group, 0.92; 95% confidence interval [CI], 0.68 to 1.23; P = 0.57). The 
proportion of patients with pulmonary emboli was significantly lower with dalte-
parin (24 patients, 1.3%) than with unfractionated heparin (43 patients, 2.3%) (haz-
ard ratio, 0.51; 95% CI, 0.30 to 0.88; P = 0.01). There was no significant between-
group difference in the rates of major bleeding (hazard ratio, 1.00; 95% CI, 0.75 to 
1.34; P = 0.98) or death in the hospital (hazard ratio, 0.92; 95% CI, 0.80 to 1.05; 
P = 0.21). In prespecified per-protocol analyses, the results were similar to those of 
the main analyses, but fewer patients receiving dalteparin had heparin-induced throm-
bocytopenia (hazard ratio, 0.27; 95% CI, 0.08 to 0.98; P = 0.046).

Conclusions

Among critically ill patients, dalteparin was not superior to unfractionated heparin 
in decreasing the incidence of proximal deep-vein thrombosis. (Funded by the Ca-
nadian Institutes of Health Research and others; PROTECT ClinicalTrials.gov num-
ber, NCT00182143.) 
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Venous thromboembolism is an im-
portant complication of critical illness. 
Patients in the intensive care unit (ICU) 

are at risk for venous thromboembolism because 
of their complex acute and chronic illnesses, as 
well as the need for life-support measures, seda-
tion, analgesia and paralysis, central venous cath-
eterization, and other procedures.1,2

Among four randomized thromboprophylaxis 
trials involving critically ill patients, the find-
ings of two trials suggested a benefit of either 
unfractionated heparin3 or low-molecular-weight 
heparin4 over placebo, whereas two trials com-
paring low-molecular-weight heparin with un-
fractionated heparin had inconclusive results.5,6 
The primary objective of this multicenter, ran-
domized study, called the Prophylaxis for Throm-
boembolism in Critical Care Trial (PROTECT), 
was to compare the effect of dalteparin, a low-
molecular-weight heparin, with that of unfrac-
tionated heparin on the primary outcome of 
proximal leg deep-vein thrombosis in critically ill 
patients. Secondary outcomes included rates of 
pulmonary embolism, venous thromboembolism, 
bleeding, heparin-induced thrombocytopenia, and 
death.

Me thods

Study Design

The trial was conducted in 67 ICUs in academic 
and community hospitals in Canada, Australia, 
Brazil, Saudi Arabia, the United States, and the 
United Kingdom. Recruitment began in May 
2006 and, as projected, was completed in 4 years. 
The trial protocol is available with the full text of 
this article at NEJM.org.7

Patients

We enrolled patients who were at least 18 years 
of age, weighed at least 45 kg, and were expect-
ed to remain in the ICU for at least 3 days. Ex-
clusion criteria were major trauma, neurosur-
gery or orthopedic surgery, need for therapeutic 
anticoagulation, heparin administration in the 
ICU for at least 3 days, contraindication to hep-
arin or blood products, pregnancy, life-support 
limitation, or enrollment in a related trial. Re-
search coordinators obtained written informed 
consent from all patients or their designated 
surrogates.

Study Procedures

Using a centralized electronic system, local re-
search pharmacists randomly assigned patients to 
receive either subcutaneous dalteparin (at a dose 
of 5000 IU once daily) or unfractionated heparin 
(at a dose of 5000 IU twice daily). Randomization 
was stratified according to center and type of ad-
mission (medical vs. surgical) with the use of un-
disclosed variable block sizes in a 1:1 ratio. Re-
search pharmacists prepared identical syringes 
for subcutaneous injection of either dalteparin 
once daily plus placebo once daily (for parallel-
group twice-daily injections) or of unfractionat-
ed heparin twice daily for the duration of the 
ICU stay. Patients, family members, clinicians, re-
search personnel, ultrasonographers, and outcome 
adjudicators were all unaware of study-group as-
signments.

If major bleeding occurred, the study drug was 
withheld and subsequently restarted if appro-
priate. If the platelet count decreased to less 
than 50,000 per cubic millimeter or to less than 
50% of the baseline value or if heparin-induced 
thrombocytopenia was otherwise suspected, an 
alternative anticoagulant agent8 or mechanical 
prophylaxis was started. In such cases, an anti-
PF4–polyanion enzyme immunoassay was per-
formed locally, and the central reference labora-
tory at McMaster University performed a platelet 
14C-serotonin–release assay,9 which, if positive, 
defined heparin-induced thrombocytopenia.

Research coordinators collected daily data on 
life-support measures, tests, drugs, devices, events, 
and exposures that modified the risk of or de-
fined thrombotic or bleeding events. Patients 
were followed until the time of death in the hos-
pital or discharge. Decisions about patient care, 
including management of suspected thromboem-
bolism, were made at the clinicians’ discretion.

Within 2 days after admission and then twice 
weekly, trained ultrasonographers assessed the 
proximal venous system in the leg at 1-cm inter-
vals, documenting compressibility at six sites: 
common femoral, proximal, middle and distal 
superficial femoral, and popliteal veins and the 
venous trifurcation. Any partially or completely 
incompressible venous segment was classified as 
a deep-vein thrombosis. Wall thickening was not 
considered to be diagnostic of deep-vein thrombo-
sis. If a venous segment was not well visualized, 
the test result was considered to be indeterminate.
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Outcomes

The primary outcome was the incidence of proxi-
mal leg deep-vein thrombosis, defined as new-
onset thrombosis detected 3 or more days after 
randomization. We defined deep-vein thrombo-
sis that was diagnosed on the first screening ul-
trasonography as prevalent deep-vein thrombo-
sis, reflecting a baseline characteristic. Patients 
with prevalent deep-vein thrombosis were in-
cluded in the main analysis, but the thrombosis 
was not considered to be a primary outcome. 
Thromboses were considered chronic if a pretrial 
test showed a thrombus in the same or a con-
tiguous venous segment. We defined a thrombus 
as catheter-related if a catheter had been present 
in the same or a contiguous venous segment with-
in 72 hours before the diagnosis.

Secondary outcomes included any deep-vein 
thrombosis, pulmonary embolism, venous throm-
boembolism, death, and a composite of either 
venous thromboembolism or death. Additional 
secondary outcomes were major bleeding and 
heparin-induced thrombocytopenia.

We defined pulmonary embolism as definite 
(characteristic intraluminal filling defect on 
computed tomography of the chest, a high-
probability ventilation–perfusion scan, or au-
topsy finding), probable (high clinical suspicion 
and either no test results or nondiagnostic re-
sults on noninvasive testing), possible (clinical 
suspicion and nondiagnostic results on nonin-
vasive testing), or absent (negative or normal 
test results without reference to pretest proba-
bility) (for details, see the Supplementary Ap-
pendix at NEJM.org).10

We characterized bleeding according to site, 
severity, and consequences, using an instrument 
that has been validated in critically ill patients 
(for details, see the Supplementary Appendix).11 
Major bleeding was defined as hemorrhage occur-
ring at a critical site (e.g., intracranial hemorrhage), 
resulting in the need for a major therapeutic in-
tervention (e.g., surgery), causing hemodynamic 
compromise, requiring at least 2 units of red-cell 
concentrates, or resulting in death. Minor bleed-
ing was defined as bleeding that did not fulfill 
the criteria for major bleeding (e.g., injection-site 
hematoma).

In formal calibration exercises during the 
first 6 months of the trial for the blinded adju-
dication of thrombotic and bleeding events, 
there was good agreement with respect to leg12 

and other13 deep-vein thromboses, pulmonary 
embolism,10 and bleeding14 (kappa values, 1.00, 
0.71, 0.82, and 0.81, respectively). Thereafter, we 
randomly assigned each outcome to two adjudi-
cators (or four adjudicators in the case of pulmo-
nary embolism) who were unaware of study-group 
assignments and of one another’s assessments. 
Consensus was obtained for all outcomes with 
continued high levels of agreement throughout 
the trial.

Study Oversight

The trial was designed by the steering committee 
(see the Supplementary Appendix) and was ap-
proved by the research ethics committee at each 
study center. Funding was provided by the Ca-
nadian Institutes of Health Research, the Aus-
tralian and New Zealand College of Anesthetists 
Research Foundation, and the Heart and Stroke 
Foundation of Canada. Study drugs were provid-
ed by Pfizer and by Eisai. Neither the funders nor 
the drug manufacturers played any role in the 
design or conduct of the trial or in the analysis or 
interpretation of the data. Members of the steer-
ing committee made the decision to submit the 
manuscript for publication. The authors all vouch 
for the accuracy and completeness of the data 
and the analyses.

Statistical Analysis

To detect a 30% reduction in the relative risk of 
proximal deep-vein thrombosis with the use of 
low-molecular-weight heparin, as compared with 
unfractionated heparin, from a baseline rate of 
8%,15,16 we determined that 1809 patients per 
group (total, 3618) would provide a power of 80% 
with the use of a two-sided alpha level of 0.05. 
We analyzed the primary outcome by means of 
the Haybittle–Peto method, using a P value of 
0.001 for each of two interim analyses at one 
third and two thirds of projected total enroll-
ment,17,18 with adjustment for an overall type I 
error of 0.05, and with the final analysis con-
ducted at an alpha level of 0.0495.

Data from patients were analyzed according 
to study-group assignment, with all patients 
(except those for whom consent was withdrawn) 
included in the intention-to-treat analysis. To 
compare the two study groups for incident out-
comes, we used unadjusted Cox regression anal-
ysis and calculated hazard ratios and 95% con-
fidence intervals, as prespecified in the trial 
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protocol.7 We also conducted analyses adjusted 
for baseline characteristics. For venous throm-
boembolic events, the analyses were adjusted for 
scores on the Acute Physiology and Chronic 
Health Evaluation (APACHE) II and status with 
respect to a personal or family history of venous 
thromboembolism, need for vasopressors, and 
end-stage renal failure.15 For bleeding events, 
the analyses were adjusted for APACHE II scores 
and status with respect to end-stage renal fail-

ure.19 For venous thromboembolic and bleeding 
events, data were censored at the time of death 
or discharge or at 100 days if patients were still 
hospitalized. We used the Wilcoxon rank-sum 
test to compare the duration of mechanical ven-
tilation and of the stay in the hospital and ICU. 
All statistical tests were two-sided.

An as-treated analysis and a per-protocol 
analysis were prespecified. The as-treated analy-
sis included all patients except those who had 

Table 1. Baseline Characteristics of the Intention-to-Treat Population.*

Characteristic
Dalteparin
(N = 1873)

Unfractionated Heparin
(N = 1873)

Age — yr 61.1±16.5 61.7±16.4

Female sex — no./total no. (%) 813/1865 (43.6) 801/1862 (43.0)

APACHE II score† 21.4±7.8 21.7±7.8

Body-mass index‡ 28.3±8.1 28.2±7.3

Medical admission — no./total no. (%)§ 1409/1873 (75.2) 1422/1873 (75.9)

Venous thromboembolism — no./total no. (%)

Personal history 60/1865 (3.2) 60/1862 (3.2)

Family history 26/1865 (1.4) 30/1862 (1.6)

History of cancer — no./total no. (%) 82/1865 (4.4) 68/1862 (3.7)

Diagnosis on admission — no./total no. (%)¶

Cardiovascular condition 166/1865 (8.9) 170/1862 (9.1)

Respiratory condition 855/1865 (45.8) 846/1862 (45.4)

Gastrointestinal condition 264/1865 (14.2) 256/1862 (13.7)

Renal condition 40/1865 (2.1) 25/1862 (1.3)

Neurologic condition 115/1865 (6.2) 114/1862 (6.1)

Sepsis 272/1865 (14.6) 277/1862 (14.9)

Metabolic condition 73/1865 (3.9) 71/1862 (3.8)

Other condition

Medical 32/1865 (1.7) 33/1862 (1.8)

Surgical 48/1865 (2.6) 70/1862 (3.8)

Life support — no./total no. (%)

Mechanical ventilation 1662/1862 (89.3) 1696/1862 (91.1)

Vasopressors 805/1862 (43.2) 872/1862 (46.8)

Dialysis

Long-term 60/1865 (3.2) 58/1862 (3.1)

Any 125/1862 (6.7) 101/1862 (5.4)

Central venous catheterization 1543/1862 (82.9) 1580/1862 (84.9)

*	Plus–minus values are means ±SD.
†	The APACHE (Acute Physiology and Chronic Health Evaluation) II score ranges from 0 to 71, with higher scores indi-

cating more severe disease.
‡	The body-mass index is the weight in kilograms divided by the square of the height in meters.
§	Patients were stratified according to medical or surgical admission at the time of randomization. A surgical admission 

was defined as admission from the operating room or postoperative recovery room.
¶	The diagnoses in this category were mutually exclusive.
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been excluded because consent was withdrawn, 
an incorrect randomization procedure was per-
formed, or a study drug had not been adminis-
tered.7 The per-protocol analysis included only 
patients who were not treated for a prevalent 
venous thromboembolism, received a study 
drug for at least 2 days and had results on at 
least two tests for venous thromboembolism 
that were technically adequate. We conducted 
two sensitivity analyses,7 with the first includ-
ing any venous thromboembolism as an inci-
dent outcome if it occurred 2 or more days after 
randomization and the second including only 
venous thromboembolism that was clinically 
suspected and objectively confirmed. Three pre-
specified subgroup analyses were based on a 
priori classification of a patient’s ICU admission 
as surgical versus medical, the presence or ab-
sence of vasopressor use, and the presence or 
absence of end-stage renal disease.7

R esult s

Patients

Of the 6034 patients who met the enrollment cri-
teria, 4574 were approached for consent (Fig. 1 in 
the Supplementary Appendix). Consent was ob-
tained for 3764 of these patients (82.3%) and was 
provided by substitute decision makers in 90.1% 
of cases. Consent was subsequently withdrawn 
for 18 patients. Of the 3746 patients in the inten-
tion-to-treat analysis, 1873 patients were as-
signed to receive dalteparin and 1873 to receive 
unfractionated heparin. No patients were lost to 
follow-up.

The baseline characteristics of the two study 
groups were similar. A total of 76% of the admis-
sions were medical; 90% of the patients required 
mechanical ventilation, and 45% required vaso-
pressors (Table 1). Prevalent proximal deep-vein 
thrombosis (i.e., identified at initial screening) 

Table 2. Pharmacologic Cointerventions and Mechanical Thromboprophylaxis.*

Variable
Dalteparin
(N = 1862)

Unfractionated 
Heparin

(N = 1862) P Value

Medication — no. (%)

Stress-ulcer prophylaxis 1707 (91.7) 1701 (91.4) 0.77

Heparin for catheter patency 551 (29.6) 523 (28.1) 0.33

Acetylsalicylic acid 577 (31.0) 627 (33.7) 0.09

Thienopyridine antiplatelet agent 110 (5.9) 90 (4.8) 0.17

Statin 391 (21.0) 375 (20.1) 0.54

Erythropoiesis-stimulating agent 50 (2.7) 56 (3.0) 0.62

Mechanical prophylaxis — no. (%)†

Antiembolic stockings

Per protocol 327 (17.6) 310 (16.6) 0.49

Protocol violation 50 (2.7) 48 (2.6) 0.92

Pneumatic compression device

Per protocol 201 (10.8) 212 (11.4) 0.60

Protocol violation 38 (2.0) 30 (1.6) 0.39

Days of mechanical prophylaxis — median (interquartile range)

Antiembolic stockings 1 (1–2) 1 (1–2) 0.43

Pneumatic compression device 1 (1–3) 1 (1–3) 0.75

Central venous catheterization — no. (%) 1596 (85.7) 1626 (87.3) 0.16

*	Listed are pharmacologic and mechanical cointerventions that might influence bleeding or thrombotic risk. Data on 
cointerventions were missing for 11 patients in each study group in the intention-to-treat analysis. 

†	Mechanical prophylaxis was considered to be in compliance with the protocol if a study drug was withheld for a pre-
specified reason (e.g., active major bleeding, high risk of major bleeding, or suspected or confirmed heparin-induced 
thrombocytopenia). Such prophylaxis was considered to be in violation of the protocol if it was used along with a study 
drug at any point during the study.
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was present in 3.5% of those receiving dalteparin 
and 3.4% of those receiving unfractionated hepa-
rin. Throughout the trial, the rates of cointerven-
tions with drugs or devices that influence bleed-
ing or thrombotic risk were similar in the two 
groups (Table 2). Doses of a study drug were 
missed on 3.3% of study days, and the use of a 
nonstudy drug occurred on 1.0% of study days. 
The median duration of exposure to a study drug 
in both groups was 7 days (interquartile range, 
4 to 12).

Outcomes

The primary outcome of incident proximal leg 
deep-vein thrombosis developed in 96 of 1873 pa-
tients (5.1%) assigned to receive dalteparin and in 
109 of 1873 patients (5.8%) receiving unfractionat-
ed heparin (hazard ratio in the dalteparin group, 
0.92; 95% confidence interval [CI], 0.68 to 1.23; 
P = 0.57) (Table 3 and Fig. 1). Pulmonary embolism 
developed in significantly fewer patients assigned 
to receive dalteparin (24 patients, 1.3%) than in 
those assigned to receive unfractionated heparin 
(43 patients, 2.3%) (hazard ratio, 0.51; 95% CI, 0.30 
to 0.88; P = 0.01) (Table 3, and Fig. 2 in the Supple-
mentary Appendix). The two groups did not differ 
significantly with respect to the rates of other deep-
vein thromboses or any venous thromboembolism 
(Table 3, and Fig. 3 in the Supplementary Appen-
dix). There was a trend toward a lower rate of the 
composite outcome of any venous thromboembo-
lism or death for patients assigned to receive dalte-
parin (530 patients, 28.3%) than for those assigned 
to receive unfractionated heparin (589 patients, 
31.4%), but this difference was not significant 
(hazard ratio, 0.89; 95% CI, 0.79 to 1.01; P = 0.07).

Catheter-related thrombosis occurred in 44 
patients (2.3%) assigned to receive dalteparin and 
in 39 patients (2.1%) assigned to receive unfrac-
tionated heparin (P = 0.51). The results of leg ul-
trasonography were indeterminate in 4 patients 
(0.2%) assigned to receive dalteparin and 6 pa-
tients (0.3%) assigned to receive unfractionated 
heparin (P = 0.52).

Major bleeding occurred in 103 patients (5.5%) 
assigned to receive dalteparin and 105 patients 
(5.6%) assigned to receive unfractionated heparin 
(hazard ratio, 1.00; 95% CI, 0.75 to 1.34; P = 0.98) 
(Table 4). Heparin-induced thrombocytopenia was 
confirmed in 5 patients (0.3%) assigned to receive 
dalteparin and 12 patients (0.6%) assigned to re-
ceive unfractionated heparin (hazard ratio, 0.47; 
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95% CI, 0.16 to 1.35; P = 0.16). Events that were 
defined as serious adverse events were reported 
for 7 patients (0.4%) assigned to receive daltepa-
rin and 6 patients (0.3%) assigned to receive 
unfractionated heparin (P = 0.76) (see the Supple-
mentary Appendix). These events included major 
bleeding in 6 patients assigned to receive dalte-
parin and 5 patients assigned to receive unfrac-
tionated heparin, heparin-induced thrombocyto-
penia involving an arterial thrombus in 1 patient 
assigned to receive dalteparin, and a venous and 
intracardiac thrombus in 1 patient assigned to 
receive unfractionated heparin.

The results of the adjusted analyses and as-
treated analyses were similar to those in the main 
analyses. The results of sensitivity analyses — one 
that included all outcomes after randomization 
as incident outcomes and one that included only 
clinically suspected venous thromboembolic out-
comes — were also similar to the unadjusted 
results. The latter analyses showed that daltepa-
rin was associated with significantly fewer clini-
cally suspected pulmonary emboli (in 22 patients, 
1.2%) than was unfractionated heparin (38 pa-
tients, 2.0%) (hazard ratio, 0.51; 95% CI, 0.29 to 
0.90; P = 0.02). The per-protocol analyses also had 
results similar to those of the main analyses, but 
the hazard ratio for the development of heparin-
induced thrombocytopenia favoring dalteparin 
was significant (0.27; 95% CI, 0.08 to 0.98; 
P = 0.046) (Table 1 in the Supplementary Appen-
dix). The prespecified subgroup analyses identi-
fied no between-group differences in the rates of 
proximal deep-vein thrombosis (Table 2 in the 
Supplementary Appendix).

Venous thromboembolic events tended to oc-
cur much more frequently during the ICU stay 
than thereafter during hospitalization (Fig. 4, 5, 
and 6 in the Supplementary Appendix). Of 205 
total proximal leg deep-vein thromboses, 182 
developed in the ICU and 23 on the ward. Of 67 
total pulmonary emboli, 47 developed in the ICU 
and 20 on the ward. Of 340 total venous throm-
boembolic events, 289 developed in the ICU and 
51 on the ward. Of 67 patients with incident pul-
monary emboli, 13 (19.4%) had prevalent proxi-
mal deep-vein thrombosis.

Discussion

In this randomized trial involving critically ill 
patients receiving thromboprophylaxis, we found 

no significant differences in rates of proximal 
leg deep-vein thrombosis, the primary end point, 
between those receiving dalteparin and those re-
ceiving unfractionated heparin. The confidence 
interval around the hazard ratio for the primary 
end point was fairly wide, so it did not exclude 
either a 32% benefit or a 23% harm associated 
with dalteparin, as compared with unfractionated 
heparin. Thus, the result for the primary outcome 
was not clinically directive. Rates of venous throm-
bosis, venous thromboembolism, major bleeding, 
and death were similar in the two study groups. 
Dalteparin was associated with significantly few-
er pulmonary emboli; the number of patients who 
would need to undergo prophylaxis with daltepa-
rin rather than unfractionated heparin to prevent 
one pulmonary embolism was 100. Heparin-in-
duced thrombocytopenia was rare, and in the per-
protocol analysis, it occurred significantly less 
often in patients receiving dalteparin than in 
those receiving unfractionated heparin. However, 
caution is warranted in making inferences about 
nominally significant findings in secondary out-
comes.

We selected dalteparin for this trial on the 
basis of preparatory research suggesting an ab-
sence of bioaccumulation of the drug in criti-
cally ill patients, including patients with renal 
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failure.19,20 We suspect a class effect for low-
molecular-weight heparins,21 but given the par-
ticular molecular-weight profile of dalteparin, 
we cannot be sure that our findings are not 
unique to this drug. In the per-protocol analysis, 
the significant reduction in heparin-induced 
thrombocytopenia in the dalteparin group sug-
gests a possible class effect of low-molecular-
weight heparin, since enoxaparin was also 
shown to reduce this adverse drug reaction in a 
randomized, controlled trial,22 and certoparin 
reduced the risk of antibody formation in an-
other trial.23

Our results might have been different if the 
study enrollment had been larger or if we had 
used different drugs or doses. Although no trials 
have directly compared the use of unfractionated 
heparin in twice-daily and thrice-daily regi-
mens, an indirect comparison suggests an in-
creased rate of major bleeding with the thrice-
daily regimen.24 In a recent meta-analysis of 
studies in which twice-daily unfractionated hep-
arin, thrice-daily unfractionated heparin, and 
low-molecular-weight heparin were compared 
with one another or with an inactive control, 
both twice-daily and thrice-daily regimens of 
unfractionated heparin had similar effects on 
the rates of deep-vein thrombosis, pulmonary 
embolism, major bleeding, and death.25

We used screening compression ultrasonog-
raphy,26,27 a procedure that has limitations, to 
detect deep-vein thrombosis. Classic signs and 
symptoms of deep-vein thrombosis do not devel-
op in comatose, recumbent, critically ill patients, 
and systematic studies indicate that neither clini-
cal examination28 nor serial measurement of 
biomarkers29 is useful for diagnosing deep-vein 
thromboses in the ICU. Though screening ultra-
sonography is safe, noninvasive, readily available, 
and recommended for research in this field,30 it 
detects largely asymptomatic deep-vein throm-
boses. Deep-vein thrombosis of the leg is con-
sidered important because emboli are believed 
to arise from these veins,31 rendering such throm-
bosis a surrogate outcome for pulmonary embo-
lism. Pulmonary emboli are clinically important 
to the extent that they cause hemodynamic com-
promise or severely impaired gas exchange, there-
by increasing morbidity and mortality among 
patients with poor cardiopulmonary reserve. We 
found that patients with pulmonary embolism 
had a substantially longer duration of mechanical Ta
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ventilation and a longer duration of stay in the 
ICU and hospital, as well as higher rates of 
death, than did patients without pulmonary em-
bolism (data not shown).

The reduced rate of pulmonary embolism 
with dalteparin in this trial was identified in a 
relatively small number of events, resulting in 
wide confidence intervals around the observed 
effect. However, blinded adjudication with the 
use of objective definitions, reproducibility of 
these assessments, and consistency across pre-
specified analyses strengthen the inferences. 
Although all trends in venous thromboembolic 
outcomes favored dalteparin, the significant re-
duction in the rate of pulmonary embolism in 
the dalteparin group was not accompanied by a 
corresponding significant decrease in the rate of 
proximal deep-vein thrombosis. Possible expla-
nations include embolism from other sites (e.g., 
upper limbs, pelvis, or distal leg, for which we 
did not screen), an effect of dalteparin on the 
propensity of leg thrombi to embolize, new-on-
set thrombus formation in pulmonary arteries 
during critical illness, and insensitivity or non-
specificity of proximal ultrasonography in asymp-
tomatic patients.32

In summary, among critically ill patients with 
medical or surgical admissions, dalteparin, as 
compared with unfractionated heparin, did not 
decrease the incidence of proximal deep-vein 

thrombosis. It is possible that in a larger trial, 
such a difference might have been detected. 
There was a significant reduction in the second-
ary end point of pulmonary embolism in the 
dalteparin group.

Supported by grants from the Canadian Institutes of Health 
Research (MCT78568), the Heart and Stroke Foundation of 
Canada (T6157, T6950, and NA6186), and the Australian and 
New Zealand College of Anesthetists Research Foundation 
(07/23).

Dr. Geerts reports receiving consulting fees from Arjo Hunt-
leigh, Bayer Healthcare, Boehringer Ingelheim, Daiichi Sankyo, 
Pfizer, Sanofi-Aventis, and Covidien, grant support from Bayer 
Healthcare and Sanofi-Aventis, lecture fees from Bayer Health-
care, Boehringer Ingelheim, Leo Pharma, Pfizer, and Sanofi-
Aventis, payment for educational presentations from Bayer 
Healthcare and Pfizer, payment for preceptorship from Bayer 
Healthcare, Pfizer, and Sanofi-Aventis, and program support 
from Bayer Healthcare, Boehringer Ingelheim, Pfizer, and 
Sanofi-Aventis; Dr. Warkentin, consulting fees from Canyon 
Pharma, GlaxoSmithKline, Paringenix, Schering-Plough/Orga-
non, and GTI Diagnostics, grant support from GlaxoSmith-
Kline and GTI Diagnostics, lecture fees from Sanofi-Aventis, 
Pfizer, Schering-Plough/Organon, and GlaxoSmithKline, and 
royalties from Informa and providing expert testimony for 
heparin-induced thrombocytopenia; and Dr. Crowther, fees for 
serving on an advisory board from Pfizer and Alexion, grant 
support from Leo Pharma, payment for developing educational 
presentations and reimbursement for travel expenses from 
Pfizer, and a research chair at McMaster University from Leo 
Pharma. No other potential conflict of interest relevant to this 
article was reported.

Disclosure forms provided by the authors are available with 
the full text of this article at NEJM.org.

We thank the patients and their families, research coordina-
tors, study pharmacists, bedside nurses, intensivists, ultraso-
nographers, and radiologists who participated in this trial.

References

1.	 Attia J, Ray JG, Cook DJ, Douketis J, 
Ginsberg JS, Geerts WH. Deep vein 
thrombosis and its prevention in critically 
ill patients. Arch Intern Med 2001;161: 
1268-79.
2.	 Geerts WH, Bergqviist D, Pineo GF, et 
al. Prevention of venous thromboembo-
lism: American College of Chest Physi-
cians Evidence Based Clinical Practice 
Guidelines (8th edition). Chest 2008;133: 
Supp:381S-453S.
3.	 Cade JF. High risk of the critically ill 
for venous thromboembolism. Crit Care 
Med 1982;10:448-50.
4.	 Fraisse F, Holzapfel L, Couland JM, et 
al. Nadroparin in the prevention of deep 
vein thrombosis in acute decompensated 
COPD. Am J Respir Crit Care Med 
2000;161:1109-14.
5.	 De A, Roy P, Garg VK, Pandey NK. 
Low-molecular-weight heparin and un-
fractionated heparin in prophylaxis 
against deep vein thrombosis in critically 
ill patients undergoing major surgery. 
Blood Coagul Fibrinolysis 2010;21:57-61.
6.	 Shorr AF, Williams MD. Venous 
thromboembolism in critically ill pa-

tients: observations from a randomized 
trial in sepsis. Thromb Haemost 2009; 
101:139-44.
7.	 Cook D, Meade M, Guyatt G, et al. 
PROTECT (Prophylaxis for ThromboEm-
bolism in Critical Care Trial) Protocol and 
Analysis Plan. J Crit Care (in press).
8.	 Warkentin TE, Greinacher A, Koster A, 
Lincoff AM. Treatment and prevention of 
heparin-induced thrombocytopenia: Amer-
ican College of Chest Physicians Evidence-
Based Clinical Practice Guidelines (8th edi-
tion). Chest 2008;133:Suppl:340S-380S.
9.	 Sheridan D, Carter C, Kelton JG. A di-
agnostic test for heparin-induced throm-
bocytopenia. Blood 1986;67:27-30.
10.	 Zytaruk N, Meade M, Mehta S, et al. 
Adjudication calibration for pulmonary 
embolism in a thromboprophylaxis trial. 
Am J Respir Crit Care Med 2009;179: 
A1582. abstract.
11.	 Arnold DM, Donahoe L, Clarke FJ, et 
al. Bleeding during critical illness: a pro-
spective cohort study using a new mea-
surement tool. Clin Invest Med 2007;30(2): 
E93-E102.
12.	 Southon J, Zytaruk N, Lim WP, et al. 

Venous thrombosis adjudication for a 
thromboprophylaxis trial. In: McMaster 
Research Day abstract book. Hamilton, 
ON, Canada: McMaster University, 2009.
13.	 Lamontagne F, McIntyre L, Dodek P, 
et al. Calibration & adjudication of throm-
botic events in a thromboprophylaxis tri-
al. In: Canadian Critical Care Forum ab-
stract book. Toronto: Canadian Critical 
Care Forum, 2009.
14.	 Arnold D, Rabbat C, Lauzier F, Zyta-
ruk N, Heels-Ansdell D, Cook DJ. Adjudi-
cating bleeding outcomes in a large 
thromboprophylaxis trial in critical Ill-
ness. Blood 2009;114:2471. abstract.
15.	 Cook DJ, Crowther M, Meade M, et al. 
Deep venous thrombosis in medical-sur-
gical critically ill patients: prevalence, in-
cidence and risk factors. Crit Care Med 
2005;33:1565-71.
16.	 Cook DJ, Rocker G, Meade MO, et al. 
Prophylaxis of Thromboembolism in 
Critical Care Trials (PROTECT) Trial: a 
pilot study. J Crit Care 2005;20:364-72.
17.	 Haybittle JL. Repeated assessment of 
results in clinical trials of cancer treat-
ment. Br J Radiol 1971;44:793-7.

The New England Journal of Medicine 
Downloaded from nejm.org on September 11, 2013. For personal use only. No other uses without permission. 

 Copyright © 2011 Massachusetts Medical Society. All rights reserved. 



n engl j med 364;14  nejm.org  april 7, 20111314

Anticoagulant Thromboprophylaxis in Critically Ill Patients

18.	 Peto R, Pike MC, Armitage P, et al. 
Design and analysis of randomized clini-
cal trials requiring prolonged observation 
of each patient. I. Introduction and de-
sign. Br J Cancer 1976;34:585-612.
19.	 Douketis J, Cook DJ, Meade M, et al. 
Prophylaxis against deep vein thrombosis 
in critically ill patients with severe renal in-
sufficiency with the low-molecular-weight 
heparin dalteparin: an assessment of safety 
and pharmacodynamics: the DIRECT study. 
Arch Intern Med 2008;168:1805-12.
20.	 Rabbat CG, Cook DJ, Crowther MA, et 
al. Dalteparin thromboprophylaxis for 
critically ill medical-surgical patients 
with renal insufficiency. J Crit Care 2005; 
20:357-63.
21.	 Kunz R, Bucher HC, McAlister FA, 
Holbrook A, Guyatt G. Drug class effects. 
In: Guyatt GH, Rennie D, Meade MO, 
Cook DJ, eds. Users’ guides to the medi-
cal literature: a manual for evidence-
based clinical practice. 2nd ed. New York: 
McGraw-Hill, 2008:703-15.
22.	 Warkentin TE, Levine MN, Hirsh J, et 
al. Heparin-induced thrombocytopenia in 
patients treated with low-molecular-weight 

heparin or unfractionated heparin. N Engl 
J Med 1995;332:1330-5.
23.	 Lubenow N, Hinz P, Thomaschewski 
S, et al. The severity of trauma determines 
the immune response to PF4/heparin and 
the frequency of heparin-induced throm-
bocytopenia. Blood 2010;115:1797-803.
24.	 King CS, Holley AB, Jackson JL, Shorr 
AF, Moores LK. Twice vs three times daily 
heparin dosing for thromboembolism pro-
phylaxis in the general medical population: 
a meta-analysis. Chest 2007;131:507-16.
25.	 Phung OJ, Kahn SR, Cook DJ, Murad 
MH. Dosing frequency of unfractionated 
heparin thromboprophylaxis: a meta-
analysis. Chest 2011 February 24 (Epub 
ahead of print).
26.	 Lensing AWA, Prandoni P, Brandjes D, 
et al. Detection of deep-vein thrombosis 
by real-time B-mode ultrasonography.  
N Engl J Med 1989;320:342-5.
27.	 Monreal M, Montserrat E, Salvador R, 
et al. Real-time ultrasound for diagnosis 
of symptomatic venous thrombosis and 
for screening of patients at risk: correla-
tion with ascending conventional venog-
raphy. Angiology 1989;40:527-33.

28.	 Crowther MA, Cook DJ, Griffith LE, et 
al. Deep venous thrombosis: clinically si-
lent in the intensive care unit. J Crit Care 
2005;20:334-40.
29.	 Crowther MA, Cook DJ, Griffith LE, et 
al. Neither baseline tests of molecular hy-
percoagulability nor D-dimer levels pre-
dict deep venous thrombosis in critically 
ill medical-surgical patients. Intensive 
Care Med 2005;31:48-55.
30.	 Prevention of venous thromboembo-
lism after injury. Evidence report/technol-
ogy assessment no. 22. Rockville, MD: 
Agency for Healthcare Research and 
Quality. (http://archive.ahrq.gov/clinic/
epcsums/vtsumm.htm.)
31.	 Kakkar VV, Howe CT, Flanc C, Clarke 
MB. Natural history of postoperative deep-
vein thrombosis. Lancet 1969;2:230-2.
32.	 Kearon C, Julian JA, Newman TE, 
Ginsberg JS. Noninvasive diagnosis of 
deep venous thrombosis: McMaster Diag-
nostic Imaging Practice Guidelines Ini-
tiative. Ann Intern Med 1998;128:663-77. 
[Erratum, Ann Intern Med 1998;129:425.]
Copyright © 2011 Massachusetts Medical Society.

posting presentations from medical meetings online

Online posting of an audio or video recording of an oral presentation at  
a medical meeting, with selected slides from the presentation, is not considered 

prior publication. Authors should feel free to call or send e-mail to the  
Journal’s Editorial Offices if there are any questions about this policy.

The New England Journal of Medicine 
Downloaded from nejm.org on September 11, 2013. For personal use only. No other uses without permission. 

 Copyright © 2011 Massachusetts Medical Society. All rights reserved. 


