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BACKGROUND: There is uncertainty about optimal strat-
egies for venous thromboembolism (VTE) prophylaxis among
select populations such as patients with renal insufficiency,
obesity, or patients taking antiplatelet drugs including aspirin.
Their physiologies make prophylaxis particularly challenging.

PURPOSE: We performed a comparative effectiveness
review of the literature on efficacy and safety of VTE pro-
phylaxis in these populations.

DATA SOURCES: We searched MEDLINE, EMBASE, SCO-
PUS, CINAHL, International Pharmaceutical Abstracts, clini-
caltrial.gov, and the Cochrane Library through August 2012.
Eligible studies included controlled trials and observational
studies.

DATA EXTRACTION: Two reviewers evaluated studies for
eligibility, serially abstracted data, and independently eval-
uated the risk of bias and strength of evidence supporting
interventions to prevent VTE in these populations.

RESULTS: After a review of 30,902 citations, we identified 9
controlled studies, 5 of which were trials, and the other 4
were observational studies. Five articles addressed prophy-
laxis of patients with renal insufficiency, 2 addressed obese
patients, and 2 addressed patients on antiplatelet agents.
No study tested prophylaxis in underweight patients or
those with liver disease. The majority of observational
studies had a high risk of bias. The strength of evidence
ranged from low to insufficient regarding the comparative
effectiveness and safety of VTE prophylaxis among these
patients.

CONCLUSION: The current evidence is insufficient regard-
ing optimal VTE prophylaxis for patients with renal insuffi-
ciency, obesity, or those who are on antiplatelet drugs
including aspirin. High-quality studies are needed to inform
clinicians about the best VTE prophylaxis for these patients.
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Venous thromboembolism (VTE), including deep ve-
nous thrombosis (DVT) and pulmonary embolism
(PE), is estimated to affect 900,000 Americans each
year and is a cause of significant morbidity and mor-
tality with associated high healthcare costs.1 Accord-
ingly, the comparative effectiveness and safety of
interventions for the prevention and treatment of VTE
are among the national priorities for comparative
effectiveness research.2 Whereas we have evidence-
based guidelines for the prophylaxis of VTE in the
general population, there are no guidelines informing
the care of select patient populations. Select popula-
tions are those patients in whom there is decisional
uncertainty about the optimal choice, timing, and
dose of VTE prophylaxis. Not only do these patients
have an increased risk of DVT and PE, but most are

also at high risk of bleeding, the most important com-
plication of VTE prophylaxis.3–6

The objectives of this systematic review were to
define the comparative effectiveness and safety of
pharmacologic and mechanical strategies for VTE pre-
vention in some of these select medical populations
including obese patients, patients on concomitant anti-
platelet therapy, patients with renal insufficiency,
patients who are underweight, and patients with coa-
gulopathy due to liver disease.

METHODS
The methods for this comparative effectiveness review
(CER) follow the guidelines suggested in the Agency
for Healthcare Research and Quality (AHRQ)
Methods Guide for Effectiveness and Comparative
Effectiveness Reviews.7 The protocol was publically
posted.8

Search Strategy

We searched MEDLINE, EMBASE, and SCOPUS
through August 2011, CINAHL, International Phar-
maceutical Abstracts, clinicaltrial.gov, and the
Cochrane Library through August 2012. We devel-
oped a search strategy based on medical subject head-
ings (MeSH) terms and text words of key articles that
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we identified a priori9 (see the Appendix for search
strategy details).

Study Selection

We reviewed titles followed by abstracts to identify
randomized controlled trials (RCTs) or observational
studies with comparison groups reporting on the effec-
tiveness or safety of VTE prevention in our popula-
tions. Two investigators independently reviewed
abstracts, and we excluded the abstracts if both inves-
tigators agreed that the article met 1 or more of the
exclusion criteria. We included only English-language
articles that evaluated the effectiveness of pharmaco-
logical or mechanical interventions that have been
approved for clinical use in the United States. To be
eligible, the studies must have addressed relevant key
questions in the population of our interest. We
resolved disagreements by consensus. We used Distill-
erSR (Evidence Partners Inc., Ottawa, Ontario, Can-
ada), a Web-based database management program to
manage the review process. Two investigators assessed
the risk of bias in each study independently, using the
Downs and Black instrument for observational studies
and trials.10

Data Synthesis

For each select population, we created detailed evi-
dence tables containing the information abstracted
from the eligible studies. After synthesizing the evi-
dence, we graded the quantity, quality, and consis-
tency of the best available evidence for each select
population by adapting an evidence-grading scheme
recommended in the Methods Guide for Conducting
Comparative Effectiveness Reviews.7

RESULTS
We identified 30,902 unique citations and included 9
studies (Figure 1). There were 5 RCTs with relevant
subgroups and 4 observational studies (Table 1). Two
studies reported on the risk of bleeding in patients
given pharmacologic prophylaxis while they are con-
comitantly taking nonsteroidal anti-inflammatory
drugs (NSAIDS) or antiplatelet agents/aspirin, 1 RCT
and 1 prospective observational study reported on
obese patients, and 5 studies described outcomes of
patients with renal insufficiency (see Supporting Infor-
mation, Table 1, in the online version of this article).
No study tested prophylaxis in underweight patients
or those with liver disease.

Obese Patients

We found 1 subgroup analysis of an RCT (total 3706
patients, 2563 nonobese and 1118 obese patients) that
reported on the comparative effectiveness and safety
of fixed low-dose dalteparin 5000 IU/day compared to
placebo among 1118 hospitalized medically ill
patients with body mass indices (BMI) greater than 30
kg/m2.11 Neither group received additional concurrent
prophylactic therapies. The 3 most prevalent medical

diagnoses prompting hospitalization were congestive
heart failure, respiratory failure, and infectious dis-
eases. Compression ultrasound was performed in all
patients by day 21 of hospitalization. The primary
end point was the composite of VTE, fatal PE, and
sudden death, and secondary end points included
DVT, bleeding, and thrombocytopenia by day 21
(Table 1). In obese patients, the primary end point
occurred in 2.8% (95% confidence interval [CI]: 1.3–
4.3) of the dalteparin group and in 4.3% (95% CI:
2.5–6.2) of the placebo group (relative risk [RR]:
0.64; 95% CI: 0.32-1.28). In nonobese patients, the
primary end point occurred in 2.8% (95% CI: 1.8-
3.8) and 5.2% (95% CI: 3.9-6.6) of the dalteparin
and placebo groups, respectively (RR: 0.53; 95% CI:
0.34-0.82). When weight was modeled as a continu-
ous variable, no statistically significant interaction
between weight and dalteparin efficacy was observed
(P 5 0.97). The authors calculated the RR in prede-
fined BMI subgroups and found that dalteparin was
effective in reducing VTE in patients with BMIs up to
40, with RRs of <1.0 for all (approximate range, 0.2–
0.8). However, a fixed dose of dalteparin 5000 IU/day
was not better than placebo for individuals with BMI
>40 kg/m2. There was no significant difference in
mortality or major hemorrhage by day 21 between
treatment and placebo groups.

Freeman and colleagues prospectively assigned 31
medically ill patients with extreme obesity (BMI >40
kg/m2) to 1 of 3 dosing regimens of enoxaparin: a
fixed dose of 40 mg daily enoxaparin (control group,
n 5 11), enoxaparin at 0.4 mg/kg (n 5 9), or enoxa-
parin at 0.5 mg/kg (n 5 11).12 The average BMI of the
entire cohort was 62.1 kg/m2 (range, 40.5–82.4). All
patients had anti-factor Xa levels drawn on the day of
enrollment and daily for 3 days (Table 2). The rela-
tionship between anti-factor Xa levels and clinical effi-
cacy of low-molecular weight heparin (LMWH) in
VTE prophylaxis is still unclear; however, an anti-
factor Xa level of 0.2 to 0.5 IU/mL, measured 4 hours
after the fourth dose of LMWH, is the target level rec-
ommended for VTE prophylaxis.13 Patients who
received weight-based enoxaparin at 0.5 mg/kg
achieved target anti-factor Xa level 86% of the time
compared to 32% of the time in those receiving 0.4
mg/kg and 19% of the time for those in the fixed-dose
group (P< 0.001). No clinical outcomes were
reported in this study.

Patients on Antiplatelet Drugs

We did not find studies that directly looked at the
comparative effectiveness of VTE prophylaxis in
patients who were on antiplatelet drugs including as-
pirin. However, there were 2 studies that looked at
the risk of bleeding in patients who received VTE
pharmacologic prophylaxis while concurrently taking
antiplatelet agents including aspirin. Both studies used
pooled data from large phase III trials.
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The study by Eriksson et al. used data from the
RECORD (Regulation of Coagulation in Orthopedic
Surgery to Prevent Deep Venous Thrombosis and Pul-
monary Embolism) trial where over 12,000 patients
undergoing elective total knee or hip replacement
were randomized to receive VTE prophylaxis with
oral rivaroxaban or subcutaneous enoxaparin.14 Nine
percent of participants in each arm (563 in rivaroxa-
ban and 526 in enoxaparin/placebo) were concomi-
tantly using antiplatelet agents or aspirin at least once
during the at risk period, defined as starting at day 1
of surgery up to 2 days after the last intake of the
study drug. The only end point evaluated was bleed-
ing, and the authors found no statistically significant
bleeding difference among the 2 arms (Table 1). Any

bleeding event in the rivaroxaban with antiplatelets or
aspirin arm was found in 20 (3.6%) patients, whereas
in those on enoxaparin/placebo with antiplatelets or
aspirin arm it was 17 (3.2%). The relative rate of
bleeding among users versus nonusers of antiplatelet
drugs or aspirin was 1.32 (95% CI: 0.85-2.05) in the
rivaroxaban group and 1.40 (95% CI: 0.87-2.25) in
the enoxaparin arm (Table 1).

Friedman et al. used pooled data from the RE-
MODEL, RENOVATE, and REMOBILIZE trials,
where patients who were undergoing hip or knee
arthroplasty were randomized to 220 mg of dabiga-
tran once daily, 150 mg of dabigatran once daily (we
focused on this lower dosage as this is the only avail-
able dose used in the US), 40 mg of enoxaparin once

FIG. 1. Flow diagram of studies included in the systematic review. *Total exceeds the number in the exclusion box because reviewers were allowed to mark more

than 1 reason for exclusion. Abbreviations: HIT, heparin-induced thrombocytopenia; VTE, venous thromboembolism.
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daily, or 30 mg of enoxaparin twice a day.15 Of the
8135 patients, 4.7% were on concomitant aspirin.
The baseline characteristics of those on aspirin were
similar to the other enrollees. The primary outcome
was major bleeding events requiring transfusion,
symptomatic internal bleeding, or bleeding requiring
surgery. Among patients receiving 150 mg of dabiga-
tran, bleeding events with and without concomitant
aspirin occurred in 1.6% and 1.0%, respectively
(odds ratio [OR]: 1.64; 95% CI: 0.36-7.49; P 5

0.523). The percentages of participants with bleeding
who received enoxaparin, with and without aspirin,
were 3.0% and 1.2%, respectively (OR: 2.57; 95%
CI: 0.83-7.94; P 5 0.101). The RR of bleeding on
dabigatran compared to enoxaparin with and without

aspirin therapy was 0.55 (95% CI: 0.11-2.78) and
0.82 (95% CI: 0.37-1.84), respectively (Table 1).

Patients With Renal Insufficiency

We found 5 studies that evaluated the comparative
effectiveness and safety of pharmacologic prophylaxis
for prevention of VTE in patients with acute kidney
injury, moderate renal insufficiency, severe renal insuf-
ficiency not undergoing dialysis, or patients receiving
dialysis. Four studies were RCTs,16–19 and 1 used a
cohort design assessing separate cohorts before and af-
ter a quality improvement intervention.20 Bauersachs
and colleagues conducted an RCT comparing unfrac-
tionated heparin at 5000 IU, 3 times daily to certo-
parin, which is not approved in the United States and

TABLE 1. Study Outcomes for Patients With Renal Insufficiency, Obesity, or on Antiplatelet Agents

Study Arm, n Total VTE (DVT and PE) Bleeding Other Outcomes

Obese patients
Kucher et al., 200511 Arm 1 (dalteparin), 558 2.8% (95% CI: 1.3–4.3) 0% Mortality at 21 days: 4.6%

Arm 2 (placebo), 560 4.3% (95% CI: 2.5–6.2) 0.7% Mortality at 21 days: 2.7%
Freeman et al., 201212 Arm 1 (fixed-dose enoxaparin), 11 NR NR Peak anti-factor Xa level �19 %

Arm 2 (lower-dose enoxaparin), 9 NR NR Peak anti-factor Xa level �32 %
Arm 3 (higher-dose enoxaparin), 11 NR NR Peak anti-factor Xa level �86 %

Patients on antiplatelet agents
Eriksson et al., 201214 Arm 1 (rivaroxaban), 563 NR 20 (3.6%), rate ratio for use vs nonuse:

1.32 (95% CI: 0.85-2.05)
NR

Arm 2 (enoxaparin/placebo), 526 NR 17 (3.2%), rate ratio for use vs nonuse:
1.40 (95% CI: 0.87-2.25)

NR

Friedman et al., 201215 Arm 2 (150 mg dabigatran, no ASA), 1149 NR 11 (1.0%)* NR
Arm 5 (150 mg dabigatran1 ASA), 128 NR 2 (1.6%)* NR
Arm 3 (enoxaparin, no ASA), 1167 NR 14 (1.2%)* NR
Arm 6 (enoxaparin1 ASA), 132 NR 4 (3.0%)† NR
150 mg dabigatran compared with enoxaparin
No concomitant ASA therapy

NR RR: 0.82 (95% CI: 0.37-1.84) NR

150 mg dabigatran compared with enoxaparin
With concomitant ASA therapy

NR RR: 0.55 (95% CI: 0.11-2.78) NR

Patients with renal insufficiency
Bauersachs et al., 201116 Arm 2 (GFR <30), 92 Total DVT: 11.11%;

Total PE: 0%
Major bleeding: 4/92 (4.35%), minor bleeding: 9/92 (9.78%) Mortality: 5.81%

Mah�e et al., 200717 Arm 2 (tinzaparin), 27 NR Major bleeding: 2/27 (7.4%), minor bleeding: 3/27 (11.1%) Factor Xa level: AF: CmaxD8/
Cmax D15 1.05

Arm 3 (enoxaparin), 28 NR Major bleeding: 1/28 (3.6%), minor bleeding: 3/28 (10.7%) Factor Xa level: AF: CmaxD8/
Cmax D15 1.22

Dahl et al., 201218 Arm 1 (enoxaparin), 332 Major VTE: 8 (9.0%) Major bleeding: 6 (4.7%) Infections and infestations: 25 (7.5%),
Wound infection: 4 (1.2%)

Arm 2 (dabigatran), 300 Major VTE: 3 (4.3%) Major bleeding: 0 (0%) Infections and infestations: 21 (7.0%),
Wound Infection: 3 (1.0%)

Shorr et al., 201219 Arm 1 (enoxaparin, CrCL �60 mL/min), 353 Total VTE: 17/275 (6.2%) Major bleeding: 0/351 (0%) NR
Arm 2 (desirudin, CrCL �60 mL/min), 353 Total VTE: 13/284 (4.3%) Major bleeding: 2/349 (0.27%) NR
Arm 3 (enoxaparin, CrCL 45–59 mL/min), 369 Total VTE: 18/282 (6.2%) Major bleeding: 1/365 (0.27%) NR
Arm 4 (desirudin, CrCL 45–59 mL/min), 395 Total VTE: 17/303 (5.6%) Major bleeding: 1/393 (0.25%) NR
Arm 5 (enoxaparin, CrCL <45 mL/min), 298 Total VTE: 24/216 (11.1%) Major bleeding: 1/294 (0.34%) NR
Arm 6 (desirudin, CrCL <45 mL/min), 279 Total VTE: 7/205 (3.4%) Major bleeding: 5/275 (1.82%) NR

Elsaid et al., 201220 Arm 1 (enoxaparin, CrCL �60 mL/min), 17 NR Major bleeding: 2 (11.8%) NR
Arm 2 (enoxaparin, CrCL 30–59 mL/min), 86 NR Major bleeding: 9 (10.5%) NR
Arm 3 (enoxaparin, CrCL �30 mL/min), 53 NR Major bleeding: 10 (18.9%) NR
Arm 4 (UFH, CrCL �60 mL/min), 19 NR Major bleeding: 2 (10.5%) NR
Arm 5 (UFH, CrCL 30–59 mL/min), 99 NR Major bleeding: 3 (3%) NR
Arm 6 (UFH, CrCL �30 mL/min), 49 NR Major bleeding: 2 (4.1%) NR

NOTE: Abbreviations: AF, anti-Xa accumulation factor; ASA, aspirin; CI, confidence interval; CrCl, creatinine clearance; CrCl, creatinine clearance; DVT, deep venous thrombosis; GFR, glomerular filtration rate; IVC, inferior vena
cava; NR, not reported; PE, pulmonary embolism; RR, relative risk; VTE, venous thromboembolism; UFH, unfractionated heparin.

* Odds ratio comparing Arm 2 and Arm 5 : 1.64 (95% CI: 0.36-7.49), P 5 0.523. †Odds ratio comparing Arm 3 and Arm 6: 2.57 (95% CI: 0.83-7.94), P 5 0.101.
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is not further discussed here.16 The rate of DVT
among patients treated with unfractionated heparin in
patients with a glomerular filtration rate >30 mL/min
was marginally lower than those with severe renal
dysfunction (10.3 vs 11.1%) (Table 1).

Patients with severe renal dysfunction who received
5000 IU of unfractionated heparin 3 times a day were
at increased risk of all bleeds (RR: 3.4; 95% CI: 2.0–
5.9), major bleeds (RR: 7.3; 95% CI: 3.3–16), and
minor bleeds (RR: 2.6; 95% CI: 1.4-4.9) compared to
patients treated with unfractionated heparin without
severe renal dysfunction.16

A randomized trial by Mah�e and colleagues com-
pared drug accumulation and anti-Xa activity in el-
derly patients with renal dysfunction (defined as a
glomerular filtration rate of 20 to 50 mL/min) who
received either tinzaparin at 4500 IU once daily or
enoxaparin at 4000 IU once daily.17 Enoxaparin accu-
mulated to a greater extent from day 1 to day 8 than

did tinzaparin; the ratio of maximum concentration
on day 8 compared to day 1 was 1.22 for enoxaparin
and 1.05 for tinzaparin (P 5 0.016). No VTE events
were reported in patients who received tinzaparin or
enoxaparin. There was no statistical difference in the
incidence of bleeding events between patients receiv-
ing tinzaparin (5, including 2 major events) and enox-
aparin (4, including 3 major events, P 5 0.67)
(Table 1).

The trial by Dahl and colleagues randomly assigned
patients who were over 75 years of age and/or who
had moderate renal dysfunction (defined as creatinine
clearance between 30 and 49 mL/min) to receive
enoxaparin 40 mg daily or dabigatran 150 mg daily.18

There was no significant difference in the rate of
major VTE events between patients receiving dabiga-
tran (4.3%) and enoxaparin (9%) (OR: 0.48; 95%
CI: 0.13-1.73; P 5 0.271) (Table 1). The rate of major
bleeding was significantly higher among patients

TABLE 2. Strength of Evidence and Magnitude of Effect for Obese Patients, Patients on Antiplatelet Agents, and
Patients With Renal Insufficiency

Intervention Outcome Risk of Bias Evidence Statement and Magnitude of Effect

Patients on antiplatelet agents
Rivaroxaban vs enoxaparin Major bleeding Low Insufficient to support no difference in rates of major bleeding with prophylactic rivaroxaban or enoxaparin in

patients concomitantly treated with antiplatelet agents; 3.6% vs 3.25%
Dabigatran vs enoxaparin Major bleeding Low Insufficient to support no difference in rates of major bleeding with prophylactic dabigatran or enoxaparin in patients

concomitantly treated with aspirin; 1.6% vs 3.0%
Obese patients
Dalteparin vs placebo VTE Moderate Insufficient evidence for effectiveness of dalteparin vs placebo in reducing total VTE in obese patients; 2.8% vs

4.3%, RR: 0.64, 95% CI: 0.32-1.28
Dalteparin vs placebo Mortality Moderate Insufficient evidence for effectiveness of dalteparin vs placebo in reducing mortality in obese patients; 9.9% vs

8.6%, P 5 0.36
Dalteparin vs placebo Major bleeding Moderate Insufficient evidence for safety of dalteparin vs placebo in reducing major bleeding in obese patients; 0% vs 0.7%,

P> 0.99
Enoxaparin 40 mg daily vs

0.4 mg/kg
Percentage of patients achieving

target anti-factor Xa level
Moderate Insufficient evidence for effectiveness of enoxaparin 40 mg daily versus 0.4 mg/kg in achieving peak anti-factor Xa

level in obese patients; 19% vs 32%, P 5 NR
Enoxaparin 40 mg daily vs

0.5 mg/kg
Percentage of patients achieving

target anti-factor Xa level
Moderate Insufficient evidence for effectiveness of enoxaparin 40 mg daily versus 0.5 mg/kg in achieving peak anti-factor Xa

level in obese patients; 19% vs 86%, P< 0.001
Enoxaparin 0.4 mg/kg vs

0.5 mg/kg
Percentage of patients achieving

target anti-factor Xa level
Moderate Insufficient evidence for effectiveness of enoxaparin 0.4 mg/kg versus 0.5 mg/kg in achieving peak anti-factor Xa

level in obese patients; 32% vs 86%, P 5 NR
Patients with renal insufficiency
Tinzaparin vs enoxaparin VTE High Insufficient evidence about superiority of either drug for preventing VTE in patients with renal insufficiency, 0/27 vs

0/28*
Tinzaparin vs enoxaparin Bleeding High Insufficient evidence about safety of either drug in patients with renal insufficiency; 5/27 vs 4/28, P 5 0.67
Dabigatran vs enoxaparin VTE Moderate Insufficient evidence for effectiveness of dabigatran in reducing VTE in severe renal compromise patients vs enoxa-

parin; 4.3% vs 9%, OR: 0.48, 95% CI: 0.13-1.73, P 5 0.271
Dabigatran vs enoxaparin Bleeding Moderate Insufficient evidence for safety of dabigatran vs enoxaparin in patients with renal impairment; 0 vs 4.7%, P 5 0.039
Desirudin vs enoxaparin VTE Moderate Insufficient evidence for effectiveness of desirudin vs enoxaparin in reducing VTE in patients with renal impairment;

4.9% vs 7.6%, P 5 0.019
Desirudin vs enoxaparin Bleeding Moderate Insufficient evidence for safety of desirudin vs enoxaparin in patients with renal impairment; 0.8% vs 0.2%,

P 5 0.109
Enoxaparin vs UFH Bleeding High Insufficient evidence for increased risk of bleeding with enoxaparin vs unfractionated heparin in patients with all lev-

els of renal impairment, 13.5% vs 4.2%, RR: 3.2, 95% CI: 1.4–7.3; and for the subgroup of patients with creati-
nine clearance <30 mL/min; 18.9% vs 4.1%, RR: 4.68, 95% CI: 1.1–20.6

UFH in severe renal compro-
mise vs all other renal
status (undifferentiated)

VTE Moderate Insufficient evidence regarding differential benefit of unfractionated heparin by renal function; 2.6% of patients had
a VTE event

UFH in severe renal compro-
mise vs all other renal
status (undifferentiated)

Bleeding Moderate Insufficient evidence for differential harm from unfractionated heparin by renal function; 13 events in 92 patients

NOTE: Abbreviations: NR, not reported; OR, odds ratio; RR, relative risk; UFH, unfractionated heparin; VTE, venous thromboembolism. *: VTE rates were not reported.
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randomly assigned to receive enoxaparin (4.7%) ver-
sus dabigatran (0%) (P 5 0.039).18

Shorr and colleagues published a post hoc subgroup
analysis of a multicenter trial in which orthopedic
patients were randomly assigned to receive desirudin
15 mg twice daily or enoxaparin 40 mg once daily.19

Evaluable patients (1565 of the 2079 patients
randomized in the trial) receiving desirudin experi-
enced a significantly lower rate of major VTE com-
pared with patients receiving enoxaparin (4.9% vs
7.6%, P 5 0.019). This relationship was particularly
pronounced for evaluable patients whose creatinine
clearance was between 30 and 44 mL/min. In evalu-
able patients with this degree of renal dysfunction,
11% of patients taking enoxaparin compared to 3.4%
of those taking desirudin had a major VTE (OR: 3.52;
95% CI: 1.48-8.4; P 5 0.004). There was no signifi-
cant difference in the rates of major bleeding among a
subset of patients assessed for safety outcomes (2078
of the 2079 patients randomized in the trial)
who received desirudin (0.8%) or enoxaparin (0.2%)
(Table 1).

Elsaid and Collins assessed VTE and bleeding
events associated with the use of unfractionated hepa-
rin 5000U either 2 or 3 times daily and enoxaparin
30 mg once or twice daily across patients stratified by
renal function (creatinine clearance <30, 30–59, and
�60 mL/min). The investigators made assessments
before and after a quality improvement intervention
that was designed to eliminate the use of enoxaparin
in patients whose creatinine clearance was <30 mL/
min. No VTE events were reported. Patients receiving
enoxaparin were significantly more likely to experi-
ence a major bleeding episode compared with patients
receiving unfractionated heparin (overall rates for all
levels of renal function: 13.5% vs 4. 2%; RR: 3.2;
95% CI: 1.4–7.3) (Table 2). This association was
largely driven by the subgroup of patients with a cre-
atinine clearance <30 mL/min. For this subgroup with
severe renal insufficiency, patients receiving enoxa-
parin were significantly more likely to have a bleed
compared with patients receiving unfractionated hepa-
rin (18.9% vs 4.1%; RR: 4.68; 95% CI: 1.1–20.6)
(Tables 1 and 2). There was no difference in the
bleeding rates for patients whose creatinine clearances
were >60 mL/min.20

Strength of Evidence

Obese Patients
Overall, we found that the strength of evidence was
insufficient regarding the composite end point of
DVT, PE, and sudden death, and the outcomes of
mortality and bleeding (Table 2). This was based on
a paucity of available data, and a moderate risk of
bias in the reviewed studies. Additionally, 92% of
the enrolled patients in the studies were white, limit-
ing the generalizability of the results to other ethnic
groups.

Patients on Antiplatelets
The strength of evidence was insufficient in the studies
reviewed here to conclude that there is no difference
in rates of bleeding in patients who are concomitantly
taking antiplatelet drugs while getting VTE prophy-
laxis with rivaroxaban, dabigatran, or enoxaparin.
We based this rating because of the imprecision of
results and unknown consistencies across multiple
studies.

Patients With Renal Insufficiency
One RCT had a high risk of bias for our key question
because data from only 1 study arm were useful for
our review.16 The other RCTs were judged to have a
moderate risk of bias. The analyses led by Dahl and
Shorr18,19 were based on post hoc (ie, not prespeci-
fied) analysis of data from RCTs. Additionally, out-
comes in the Shorr et al. trial were reported for
evaluable subpopulations of the cohort that was ini-
tially randomized in the clinical trial.

We rated the strength of evidence as insufficient to
know the comparative effectiveness and safety of
pharmacologic prophylaxis for prevention of VTE
during hospitalization of patients with acute kidney
injury, moderate renal insufficiency, severe renal insuf-
ficiency not undergoing dialysis, and patients receiving
dialysis. We based this rating on the risk of bias asso-
ciated with published studies and a lack of consistent
evidence regarding associations that were reported.
Similarly, we rated the strength of evidence as insuffi-
cient that 5000 U of unfractionated heparin 3 times
daily increases the risk of major and minor bleeding
events in patients with severely compromised renal
function compared to this dose in patients without
severely compromised renal function. We based this
rating on a high risk of bias of included studies and
inconsistent evidence. Likewise, we rated the strength
of evidence as insufficient that enoxaparin significantly
increases the risk of major bleeding compared with
unfractionated heparin in patients with severe renal
insufficiency. We based this rating on a high risk of
bias and inconsistent published evidence.

We similarly found insufficient evidence to guide
treatment decisions for patients with renal insuffi-
ciency. Our findings are consistent with other recent
reviews. The American College of Chest Physicians
(ACCP) practice guidelines21 make dosing recommen-
dations for the therapeutic use of enoxaparin. How-
ever, their assessment is that the data are insufficient
to make direct recommendations about prophylaxis.
Their assessment of the indirect evidence regarding
bioaccumulation and increased anti-factor Xa levels
are consistent with ours. The ACCP guidelines also
suggest that decreased clearance of enoxaparin has
been associated with increased risk of bleeding events
for patients with severe renal insufficiency. However,
the cited study20 compares patients with and without
severe renal dysfunction who received the same
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therapy. Therefore, it is not possible to determine the
additional risk conveyed by enoxaparin therapy, that
is, above the baseline increased risk of bleeding
among patients with renal insufficiency, particularly
those receiving an alternate pharmacologic VTE pre-
vention strategy, such as unfractionated heparin.

DISCUSSION
We found that the evidence was very limited about
prevention of VTE in these select and yet prevalent
patient populations. Despite the fact that there is an
increasing number of obese patients and patients who
are on antiplatelet therapies, most clinical practice
guidelines do not address the care of these popula-
tions, which may be entirely appropriate given the
state of the evidence.

The ACCP practice guidelines21 suggest using a
higher dose of enoxaparin for the prevention of VTE
in obese patients. The subgroup analysis by Kucher
et al.11 showed effect attenuation of dalteparin when
given at a fixed dose of 5000 IU/mL to patients with a
BMI of >40 kg/m2. The Freeman study12 showed that
extremely obese patients (average BMI >62.1 kg/m2)
who are given a fixed dose of enoxaparin achieved
target anti-factor Xa levels significantly less often than
those who received a higher dose of enoxaparin. The
2 separate findings, although not conclusive, lend
some credence to the current ACCP guidelines.21

The studies we reviewed on VTE prophylaxis in
patients who are concomitantly on antiplatelets
including aspirin reported no major increased risk of
bleeding; however, in the Friedman et al. study,15

3.0% of patients who were put on enoxaparin while
still on aspirin had a bleeding event compared to
1.2% of those on enoxaparin alone. This difference is
not statistically significant but is a trend possibly
worth noting, especially when one looks at the lower
RR of bleeding at 0.55 compared to 0.82 when dabi-
gatran is compared with enoxaparin with and without
concomitant aspirin therapy, respectively (Table 1).
The highest dose of aspirin used in either of the stud-
ies was 160 mg/day, and neither study addressed other
potent antiplatelets such as clopidogrel or ticlopidine
separately, which limits the generalizability of the
finding to all antiplatelets. Current ACCP guidelines
do not recommend aspirin as a sole option for the
prevention of VTE in orthopedic surgery patients.22

Concerns remain among clinicians that antiplatelets,
including aspirin, on their own are unlikely to be fully
effective to thwart venous thrombotic processes for
most patients, and yet the risk of bleeding is not fully
known when these agents are combined with other
anticoagulants for VTE prophylaxis.

Our review has several limitations, including the
possibility that we may have missed some observatio-
nal studies, as the identification of relevant observatio-
nal studies in electronic searches is more challenging
than that of RCTs. The few studies made it impossible

to quantitatively pool results. These results, however,
have important implications, namely that additional
research on the comparative effectiveness and safety
of pharmacologic and mechanical strategies to prevent
VTE is needed for the optimal care of these patient
subgroups. This might be achieved with trials dedi-
cated to enrolling these patients or prespecified sub-
group analyses within larger trials. Observational data
may be appropriate as long as attention is paid to
confounding.
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APPENDIX

MEDLINE Search Strategy

((“pulmonary embolism”[mh] OR PE[tiab] OR
“Pulmonary embolism”[tiab] OR thromboembolism
[mh] OR thromboembolism[tiab] OR thromboembo-
lisms[tiab] OR Thrombosis[mh] OR thrombosis[tiab]
OR DVT[tiab] OR VTE[tiab] OR clot[tiab]) AND
(Anticoagulants[mh] OR Anticoagulants[tiab] OR
Anticoagulant[tiab] OR “thrombin inhibitors”[tiab]
OR Aspirin[mh] or aspirin[tiab] OR aspirins[tiab] or
clopidogrel[nm] OR clopidogrel[tiab] OR Plavix[tiab]
or ticlopidine[mh] or ticlopidine[tiab]OR ticlid[tiab]
OR prasugrel[nm]Or prasugrel[tiab]OR effient[tia-
b]OR ticagrelor[NM] OR ticagrelor[tiab]OR Brilinta
[tiab] OR cilostazol[NM] OR cilostazol[tiab]OR
pletal[tiab] OR warfarin[mh]OR warfarin[tiab]OR
coumadin[tiab] OR coumadine[tiab] OR Dipyrida-
mole[mh]OR dipyridamole[tiab]OR persantine[tiab]
OR dicoumarol[MH] OR dicoumarol[tiab] OR dicu-
marol[tiab] OR Dextran sulfate[mh] OR dextran sul-
fate[tiab] OR“thrombin inhibitors”[tiab] OR
“thrombin inhibitor”[tiab] OR heparin[mh] OR Hep-
arin[tiab] OR Heparins[tiab] OR LMWH[tiab] OR
LDUH[tiab] OR Enoxaparin[mh] OR Enoxaparin
[tiab] OR Lovenox[tiab] OR Dalteparin[tiab] OR
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Fragmin[tiab] OR Tinzaparin[tiab] OR innohep[tiab]
OR Nadroparin[tiab] OR Fondaparinux[nm] OR Fon-
daparinux[tiab] OR Arixtra[tiab] OR Idraparinux[nm]
OR Idraparinux[tiab] OR Rivaroxaban[nm] OR
Rivaroxaban[tiab] OR novastan[tiab] OR Desirudin
[nm] OR Desirudin[tiab] OR Iprivask[tiab]OR “direct
thrombin inhibitor”[tiab] OR Argatroban[nm] OR
Argatroban[tiab] OR Acova[tiab] OR Bivalirudin[nm]
OR Bivalirudin[tiab] OR Angiomax[tiab] OR Lepiru-
din[nm] OR Lepirudin[tiab] OR Refludan[tiab] OR
Dabigatran[nm] OR Dabigatran[tiab] OR Pradaxa
[tiab] OR “factor xa”[mh] OR “factor Xa”[tiab]
OR vena cava filters[mh] OR filters[tiab] OR filter
[tiab] OR compression stockings[mh] OR intermittent
pneumatic compression devices[mh] OR compression
[tiab] OR “Venous foot pump”[tiab])) AND(prevent*
[tiab] OR prophyla*[tiab] OR prevention and control
[subheading]) NOT (animals[mh] NOT humans[mh])
NOT (editorial[pt] OR comment[pt]) NOT ((infant
[mh] OR infant[tiab] OR child[mh] OR child[tiab]
OR children[tiab] OR adolescent[mh] OR adolescent
[tiab] OR "teen-age"[tiab] OR pediatric[tiab] OR
perinatal[tiab]) NOT (adult[tiab] OR adults[tiab]
OR adult[mh])) NOT ("mechanical valve"[tiab] OR
“heart valve”[tiab] OR “atrial fibrillation”[mh] OR
“atrial fibrillation”[tiab] OR thrombophilia[mh]
OR thrombophilia[tiab] OR pregnancy[mh])
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