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Pharmacological and Mechanical Thromboprophylaxis in 
Critically Ill Patients: a Network Meta-Analysis of 12 Trials

Thromboprophylaxis for venous thromboembolism is widely used in critically ill patients. 
However, only limited evidence exists regarding the efficacy and safety of the various 
thromboprophylaxis techniques, especially mechanical thromboprophylaxis. Therefore, we 
performed meta-analysis of randomized controlled trials (RCTs) that compared the overall 
incidence of deep vein thrombosis (DVT) for between unfractionated heparin (UFH), low-
molecular-weight heparin (LMWH), and intermittent pneumatic compression (IPC) in 
critically ill patients. A Bayesian random effects model for multiple treatment comparisons 
was constructed. The primary outcome measure was the overall incidence of DVT at the 
longest follow-up. The secondary outcome measure was the incidence of major bleeding, 
as defined by the original trials. Our analysis included 8,622 patients from 12 RCTs. The 
incidence of DVT was significantly lower in patients treated with UFH (OR, 0.45; 95% CrI, 
0.22-0.83) or LMWH (OR, 0.38; 95% CrI, 0.18-0.72) than in patients in the control 
group. IPC was associated with a reduced incidence of DVT compared to the control group, 
but the effect was not statistically significant (OR, 0.50; 95% CrI, 0.20-1.23). The risk of 
DVT was similar for patients treated with UFH and LMWH (OR, 1.16; 95% CrI, 0.68-2.11). 
The risk of major bleeding was similar between the treatment groups in medical critically ill 
patients and also in critically ill patients with a high risk of bleeding. In critically ill patients, 
the efficacy of mechanical thromboprophylaxis in reducing the risk of DVT is not as robust 
as those of pharmacological thromboprophylaxis.
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INTRODUCTION

Venous thromboembolism (VTE), including deep vein throm-
bosis (DVT) and pulmonary embolism (PE), is a common pre-
ventable complication experienced by critically ill patients hos-
pitalized in intensive care units (ICUs). The increased risk of 
VTE is due to immobilization related to severe illness, sedating 
medications, and invasive procedures (1). The estimated inci-
dence of DVT in critically ill patients varies from 13% to 31%, 
depending on study design. DVT is responsible for most cases 
of PE, a potentially life-threatening condition that has a report-
ed 30% mortality rate in the ICU (2,3).
 Currently, prevention techniques for VTE in critically ill pa-
tients include pharmacological thromboprophylaxis and me-
chanical thromboprophylaxis. Pharmacological thrombopro-
phylaxis, which is often used in medical critically ill patients, in-
cludes unfractionated heparin (UFH) and low-molecular-weight 
heparin (LMWH). The 9th American College of Chest Physicians 
(ACCP) Antithrombotic Therapy and Prevention of Thrombosis 
Guidelines suggest the use of UFH or LMWH based on low-qual-
ity evidence (Grade 2C) (4). In a recent meta-analysis, Alhazzani 

et al. (5) reported that thromboprophylaxis with any type of 
heparin reduced the rates of DVT to half (pooled risk ratio, 0.51; 
95% CI, 0.41-0.63). The efficacy of mechanical prophylaxis in 
critically ill patients, compared to pharmacological prophylaxis, 
is based on even weaker evidence. The ACCP guidelines sug-
gest the use of mechanical prophylaxis in critically ill patients 
who are bleeding or at high risk for major bleeding (Grade 2C) 
based on a systematic review of two randomized clinical trials 
(RCTs) that included patients who underwent major orthope-
dic surgery (4,6-8). In a recent retrospective audit of 28 North 
American ICUs, guideline concordance with use of pharmaco-
logical thromboprophylaxis was 95.5%. However, when consid-
ering the absolute proportion of each prophylactic interven-
tion, approximately one-fourth (9.5% mechanical prophylaxis 
alone, 15.3% no prophylaxis) of the patients did not receive 
pharmacological prophylaxis. The lack of pharmacological pro-
phylaxis was mainly attributed to clinical bleeding or risk of 
bleeding, which together accounted for approximately 71% of 
the reasons for not using an anticoagulant (9). Up to 80% of 
critically ill patients experience at least one or more episodes of 
bleeding, so the actual utilization rate of mechanical prophy-
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laxis is expected to be quite high, despite the lack of evidence 
for efficacy and safety in this special population.
 Until now, no meta-analysis has compared the efficacy and 
safety of various approaches to thromboprophylaxis, including 
both pharmacological and mechanical interventions, in criti-
cally ill patients. Recently, two RCTs have reported results of tri-
als evaluating the role of mechanical prophylaxis in the critical-
ly ill (10,11).
 Therefore, we performed a comprehensive Bayesian network 
meta-analysis to compare the efficacies and safety profiles of 
UFH, LMWH, mechanical prophylaxis, and no prophylaxis. We 
aimed to compare the efficacies of current thromboprophylaxis 
interventions and their effects on major bleeding, with particu-
lar attention paid to comparisons between intermittent pneu-
matic compression (IPC) and various types of heparin and be-
tween IPC and the control group.

MATERIALS AND METHODS

Data sources and searches
We searched PubMed, EMBASE, the Cochrane Central Register 
of Controlled Trials, and the United States National Institutes of 
Health Registry of Clinical Trials (www.clinicaltrials.gov) for 
pertinent published and unpublished studies. Our detailed 
search strategy is presented in the Online-Only Supplements. 
Additional data sources included conference proceedings from 
the American Thoracic Society (1994-2014), the Society of Criti-
cal Care Medicine (1994-2013), the European Society of Inten-
sive Care Medicine (1994-2014), the American College of Chest 
Physicians (1994-2014), and the International Symposium on 
Intensive Care and Emergency Medicine (1997-2014). The elec-
tronic search strategy was complemented by a manual review 
of the reference list of each included article. Reference lists of 
recent reviews, editorials, and meta-analyses were also exam-
ined. No restrictions were imposed on language, study period, 
or sample size (12).

Study selection
We included RCTs that assessed the efficacy and safety of throm-
boprophylaxis for VTE, including DVT or PE, whose study pop-
ulation consisted of medical or surgical critically ill patients, in-
cluding patients with major trauma. We defined critically ill pa-
tients as those who received care in an ICU setting. Pharmaco-
logical thromboprophylaxis included any form of heparin (UFH 
or LMWH) and mechanical prophylaxis included IPC or se-
quential compression devices. To be included in our analysis, 
clinical outcomes of efficacy (the incidence of DVT) and safety 
(the incidence of major bleeding) at the most recent available 
follow-up were clearly reported. We excluded RCTs that includ-
ed pediatric patients and randomized crossover trials that as-
signed patients to multiple treatment arms simultaneously.

Data extraction and quality assessment
For our analysis, we examined summary data reported in the 
published articles. A standardized form was used to extract the 
following information for each study: trial characteristics; study 
design, including generation of randomization sequence, allo-
cation concealment, crossover between assigned groups, num-
ber of post-randomization withdrawals, and loss to follow-up; 
number of study patients; age of patients; cause of ICU admis-
sion and underlying co-morbidities; inclusion and exclusion 
criteria for the trial; detailed protocols of each intervention, 
such as the dose, duration, and route of administration of phar-
macological thromboprophylaxis or application duration of 
mechanical thromboprophylaxis; diagnostic modality and time 
point for evaluation of VTE; length of follow-up; and clinical 
outcomes regarding efficacy (the incidence of DVT) or safety 
(the incidence of major bleeding) reported on an intention-to-
treat basis. The quality of eligible RCTs was assessed using the 
Cochrane Collaboration’s tool for assessing the risk of bias for 
RCTs (Supplementary Table 1) (13). We also reported the Jadad 
score for quantitative comparison among the included trials 
(14). Two investigators independently screened the titles and 
abstracts, identified duplicates, reviewed full articles, and de-
termined eligibility for this analysis. Disagreements were re-
solved by a thorough discussion. The last search was performed 
in June 2014.

Outcomes and definitions
The primary outcome measure was overall incidence of DVT at 
the longest available follow-up. The secondary outcome mea-
sure was the incidence of major bleeding, as defined by the 
original trials. We defined four treatment groups: UFH, LMWH, 
IPC, and control. The control group included patients who re-
ceived no thromboprophylaxis or who were treated only with 
gradual compression stockings. All patients and outcomes were 
analyzed according to the group in which they were assigned in 
the original study.

Data synthesis and analysis
A Bayesian random effects model for multiple treatment com-
parisons was constructed to compare the primary outcome 
(the incidence of thromboembolism) among the four groups 
(LMWH, UFH, IPC, and control). We used a Bayesian extension 
of the hierarchical random effects model proposed by Lumley 
for networks of multi-arm trials (15). Odds ratios (ORs) with 
95% credible intervals (CrIs) are presented as summary statis-
tics. Non-informative prior distributions were selected to allow 
the data to dominate the final results. We performed Markov 
chain Monte Carlo samplers in WinBUGS v.1.4.3 (MRC Biosta-
tistics Unit, Cambridge, UK), and we ran four chains with dif-
ferent starting values. A burn-in phase of 10,000 iterations was 
followed by 50,000 updates; the number of burn-in iterations 
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was chosen according to the Brooks-Gelman-Rubin method for 
convergence checks (16). Pair-wise ORs were estimated from 
the median of the posterior distribution, with CrIs obtained 
from the 2.5th and 97.5th percentiles. Results were considered 
significant if the CrIs of the ORs did not include 1. Pair-wise in-
consistency and inconsistency between direct and indirect ef-
fect estimates were assessed with the node-splitting method, 
followed by an evaluation of inconsistency among P values. 
Heterogeneity across trials was evaluated by I2 statistics, which 
is consistent with a frequentist meta-analysis. In a pooled anal-
ysis of the secondary outcome (the risk of major bleeding), we 
stratified all of the included trials according to the baseline risk 
of bleeding. Since the trials showed heterogeneous risks for ma-

jor bleeding, we separately evaluated the pooled risk of bleed-
ing for each treatment group in trials that enrolled medical criti-
cally ill patients and trials that enrolled patients with major trau-
ma or a high-risk of bleeding, such as patients with overt coagu-
lopathy or active bleeding. Statistical analysis was performed 
with WinBUGS v.1.4.3 and R programming language, version 
3.0.2 (R Foundation for Statistical Computing, Vienna, Austria). 
The к statistic was used to assess agreement between investiga-
tors for study selection. The present study was performed in 
compliance with the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guidelines and the re-
view protocol has not been registered (Supplementary Table 2) 
(17).

UFH
(n = 3,197)

LMWH
(n = 3,079)

5 Studies

2 Studies 2 Studies

2 Studies

2 StudiesOne  
3-arm trial

Control
(n = 1,778)

IPC
(n = 568)

Fig. 1. Flow diagram of trial selection and network plot of the meta-
analysis. (A) The flow diagram follows the guidelines of Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses (PRIS-
MA). (B) Network plot of meta-analysis model: each treatment is 
represented by a node; the size of the node is proportional to the 
sample size randomized to each group and the thickness of the line 
connecting the nodes is proportional to the total randomized sample 
size in each pair-wise comparison.
LMWH = low-molecular-weight heparin, IPC = intermittent pneumat-
ic compression, UFH = unfractionated heparin.

PubMed (Medline)
(n = 108)

EMBASE
(n = 159)

Cochrane database
(n = 84)

Duplicates removed (n = 254)

Records retrieved for full article review (n = 19)

Trials included (n = 12)
(Total patients = 8,622)

Articles excluded (n = 236)
  - Irrelevant subjects, patients, or design (n = 180)
  - Editorials, comments (n = 5)
  - Narrative review or systematic review with meta-analysis (n = 38)
  - Non-randomized observational studies (n = 13)

Abstracts manually searched (n = 1)

Articles excluded (n = 7)
  - Patients with spinal cord injury were the main focus of trials (n = 3)
  - Mechanical ventilation was part of exclusion criteria (n = 2)
  -  DVT prophylaxis was administered according to a risk-stratified protocol (n = 1)
  - Prospective cohort without randomization (n = 1)

A

B
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RESULTS

Search results
We identified 254 citations, retrieved 19 studies for detailed eval-
uation, and obtained 12 RCTs that met our inclusion criteria 
(Fig. 1A) (10,11,18-27). The characteristics and reasons for ex-
clusion of the seven eliminated studies are summarized in the 
supplementary materials. The inter-observer agreement for 
study selection was high (к = 0.91). The 12 RCTs included a to-
tal of 8,622 critically ill patients. The interventions for thrombo-
prophylaxis were UFH in 3,197 patients (37.1%), LMWH in 3,079 
patients (35.7%), and IPC in 568 patients (6.6%). The control 
group included 1,778 patients (20.6%) who did not receive any 
of these interventions for thromboprophylaxis. One trial was a 
3-arm trial comparing UFH, LMWH, and control groups (Fig. 
1B) (26).

Trial characteristics
The main characteristics of the individual studies are summa-
rized in Table 1. Six of the 12 trials included patients in the med-
ical ICU (10,21,23,25,26) and three trials involved trauma pa-
tients admitted to the ICU (18,24,27). One trial included surgi-
cal critically ill patients (22) and two trials included both medi-
cal and surgical critically ill patients (11,19). One trial did not 
specify the type of ICU (20). Fraisse et al. (23) reported a trial 
conducted in patients with acute exacerbations of COPD and 
Shorr and Williams (26) presented a post-hoc analysis regard-
ing the efficacy of thromboprophylaxis from a trial conducted 
with sepsis patients. In all included trials, patients in the UFH 
groups were treated with 5,000 U of UFH subcutaneously twice 
daily. In the LMWH groups, three different preparations, fraxi-
parin, enoxaparin, and dalteparin, were administered. The dos-
ages and schedules of LMWH preparations varied among the 
trials (Table 1). In all but one study, the occurrence of DVT was 

measured with Doppler ultrasonography (USG); the remaining 
trial employed daily leg scanning using 125I-labeled fibrinogen 
(20). Supplementary Fig. 1 shows the risk of bias graph and il-
lustrates the proportion of studies with each of the judgments 
for each entry in the Cochrane Collaboration’s tool. A full de-
scription of the summary of risk of bias judgments of each study 
is available in Supplementary Fig. 2 and Supplementary Table 1. 
Four trials with an IPC arm showed a high-risk of bias for the 
blinding procedure (10,11,24,27). However, blinding of patients 
and caregivers was inherently impossible in these trials and 
bias from the lack of double-blinding would likely not change 
the results of the current meta-analysis, since the diagnostic 
modalities and methods for DVT were objective methods and 
would not be influenced by the lack of blinding.

Comparison of overall risk of DVT
In all, the 12 trials included 8,622 patients with identified DVT 
(Table 2) (10,11,18-27). In a pooled analysis of overall incidence 
of DVT, the use of LMWH or UFH was associated with a signifi-
cantly lower risk of DVT than the control group (LMWH: OR, 
0.38; 95% CrI, 0.18-0.72; UFH: OR, 0.45; 95% CrI, 0.22-0.83). The 
efficacy of LMWH in reducing the risk of DVT was similar to the 
efficacy of UFH (OR, 0.86; 95% CrI, 0.47-1.48). IPC showed a 
trend toward lowering the DVT risk compared to the control 
group, but this difference was not significant (OR, 0.50; 95% CrI, 
0.20-1.23) (Supplementary Table 3). Although LMWH and UFH 
showed lower risks of DVT than IPC, the differences were not 
statistically significant (LMWH: OR, 0.76; 95% CrI, 0.28-1.92; 
UFH: OR, 0.89; 95% CrI, 0.31-2.41; Fig. 2A). The significant ben-
efit of LMWH or UFH compared to the control group was con-
sistently observed in both direct and indirect estimates of the 
comparisons, with acceptable ranges of statistical heterogene-
ity. In a ranking probability analysis, LMWH showed the highest 
probability of reducing the risk of DVT (48.6%; Fig. 2B and 3).

Table 2. Incidence of DVT and major bleeding in each trial

References
DVT Major bleeding

LMWH UFH IPC Control LMWH UFH IPC Control

Standard risk of bleeding (medical critically ill)
   Kapoor et al. (25)
   Fraisse et al. (23)
   Goldhaber et al. (21)
   Shorr et al. (26)
   De et al. (22)
   PROTECT
   Zhang et al. (10)

-
13/84

  25/156
  23/478

 1/81
138/1,873

-

44/401
-

20/154
26/498
2/75

161/1,873
-

-
-
-
-
-
-

3/79

122/309
24/85

-
56/959

-
-

16/83

-
6/84

  3/156
-

1/81
103/1,873

-

-
-

  3/154
-

2/75
105/1,873

-

-
-
-
-
-
-
-

-
3/85

-
-
-
-
-

High risk of bleeding (trauma patients or surgical critically ill)
   Geerts et al. (18)
   Ginzburg et al. (24)
   Kurtoglu et al. (27)
   CIREA1

40/129
  1/218
3/60

-

60/136
-
-
-

-
  6/224
4/60

10/205

-
-
-

16/202

  5/129
  4/218
2/60

-

1/136
-
-
-

-
  4/224
1/60

17/205

-
-
-

20/202
Bleeding risk not stated
   Cade et al. (20) - 8/60 - 17/59 - - - -

DVT = deep vein thrombosis, LMWH = low molecular weight heparin, UFH = unfractionated heparin, IPC = intermittent pneumatic compression.
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Fig. 2. Comparative efficacy of thromboprophylaxis interventions in the prevention of deep vein thrombosis (DVT). (A) Estimated odds ratios (ORs) and 95% credible intervals 
(CrIs) for DVT from network meta-analysis for different thromboprophylaxis interventions, according to a Bayesian network meta-analysis with random effects model. The circles 
and horizontal lines indicate pair-wise OR and 95% CrI, respectively. (B) Rank probability of each treatment arm for the risk of DVT. The number on the horizontal axis is the 
possible rank of each treatment, from best to worst according to the outcome. The size of each bar corresponds to the probability of each treatment being at a specific rank.
LMWH = low-molecular-weight heparin, IPC = intermittent pneumatic compression, UFH = unfractionated heparin.

 Comparison Odds ratio (95% Crl)

 LMWH vs. Control 0.38 (0.18, 0.72)
 UFH vs. Control 0.45 (0.22, 0.83)
 IPC vs. Control 0.50 (0.20, 1.23)

 LMWH vs. IPC 0.76 (0.28, 1.92)
 UFH vs. IPC 0.89 (0.31, 2.41)
 Control vs. IPC 2.15 (0.95, 5.05)

 LMWH vs. UFH 0.86 (0.47, 1.48)
 IPC vs. UFH 1.12 (0.41, 3.24)
 Control vs. UFH 2.25 (1.20, 4.46)

 UFH vs. LMWH 1.16 (0.68, 2.11)
 IPC vs. LMWH 1.31 (0.52, 3.64)
 Control vs. LMWH 2.62 (1.39, 5.52)

 0.05 1 20
 Favors first treatment Favors second treatment

 1 2 3 4

100

80

60

40

20

0

(%)

20.6

54.5

24.9

45.4
33.4

9.9

50.2

6.5

93.1

0.0 0.3

0.7

6.0 0.2

35.4

18.9

Control IPC LMWH UFH

A B

IPC vs. Control
   Direct 0.35 (0.11, 0.98)
   Indirect 1.23 (0.25, 6.50)
   Network     0.17     36.6% 0.50 (0.20, 1.26)

LMWH vs. Control
   Direct 0.65 (0.32, 1.22)
   Indirect 0.22 (0.11, 0.44)
   Network     0.04     61.6% 0.38 (0.18, 0.73)

UFH vs. Control
   Direct 0.44 (0.18, 1.08)
   Indirect 0.35 (0.07, 1.42)
   Network     0.76     68.8% 0.44 (0.22, 0.85)

LMWH vs. IPC
   Direct 0.36 (0.07, 1.41)
   Indirect 1.29 (0.34, 5.32)
   Network     0.18     0% 0.76 (0.28, 1.97)

UFH vs. LMWH
   Direct 1.19 (0.75, 1.95)
   Indirect 0.89 (0.28, 3.80)
   Network     0.63     0% 1.15 (0.68, 2.09)

Study Pincosistency I2 Odds ratio (95% Crl)

 0.01 1 100

Fig. 3. Analysis of consistency and heterogeneity in the network meta-analysis model 
for the risk of deep vein thrombosis.
LMWH = low-molecular-weight heparin, IPC = intermittent pneumatic compression, 
UFH = unfractionated heparin.

Comparison of overall risk of major bleeding
The incidence of major bleeding was reported in eight of the 12 
trials (Table 2) (11,18,19,21-24,27). A network meta-analysis of 
the eight trials showed an insignificant trend of increased major 
bleeding in LMWH and UFH groups compared to the IPC and 
control group (Fig. 4A and Supplementary Table 3). However, 
the eight trials included four RCTs in the medical ICU and three 
RCTs with trauma patients and one RCT which included pati-
ents with high risk of bleeding. Since the two groups of trials 

showed different risks of major bleeding, we separately analyzed 
the risk of major bleeding in medical and surgical critically ill 
patients, according to the baseline risk of major bleeding. In 
medical critically ill patients with a standard bleeding risk, UFH 
and LMWH conferred insignificant trend of increased major 
bleeding compared with the control group (Fig. 4B). In surgical 
critically ill patients with a high risk of bleeding, UFH showed a 
tendency toward a decreased incidence of major bleeding com-
pared with LMWH, IPC, and control groups. However, statisti-
cal significance was not observed (Fig. 4C).

DISCUSSION

In this network meta-analysis, we aimed to compare the effica-
cy and safety of current techniques for thromboprophylaxis in 
critically ill patients. We observed a significant reduction of DVT 
risk with pharmacologic prophylaxis, including UFH and LMWH, 
compared to the control group. The efficacies of thrombopro-
phylaxis of UFH and LWMH were similar. The risk of DVT in 
patients who had mechanical thromboprophylaxis was mar-
ginally lower, but the trend was statistically insignificant. The 
risk of major bleeding was not significantly different among the 
UFH, LMWH, IPC and control groups in critically ill patients re-
gardless of their risk of bleeding.
 To our knowledge, this is the first network meta-analysis of 
contemporary thromboprophylaxis interventions in critically ill 
patients and we performed multiple treatment comparisons 
that were previously unavailable. Two previous meta-analyses 
separately compared the efficacy of heparin to placebo (5) and 
mechanical thromboprophylaxis to LMWH (28). Alhazzani et 
al. (5) reported that the use of any heparin preparation was as-
sociated with a 50% reduction in the risk of DVT (pooled risk 
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Fig. 4. Comparative safety of thromboprophylaxis interventions for the risk of major 
bleeding. (A) Estimated odds ratios (ORs) and 95% credible intervals (CrIs) for major 
bleeding from eight trials reporting the incidence of major bleeding. (B) Estimated OR 
and 95% CrI for major bleeding from four trials that included medical critically ill pa-
tients with a standard risk of bleeding. (C) Estimated OR and 95% CrI for major 
bleeding from four trials that included surgical or trauma critically ill patients with a 
high risk of bleeding. The circles and horizontal lines indicate Bayesian ORs and 95% 
CrIs, respectively.

 Comparison Odds ratio (95% Crl)

 LMWH vs. Control 1.55 (0.40, 6.71)
 UFH vs. Control 1.38 (0.27, 7.08)
 IPC vs. Control 0.94 (0.29, 3.39)

 LMWH vs. IPC 1.64 (0.45, 6.19)
 UFH vs. IPC 1.46 (0.29, 6.66)
 Control vs. IPC 1.06 (0.30, 3.44)

 LMWH vs. UFH 1.10 (0.51, 2.99)
 IPC vs. UFH 0.69 (0.15, 3.50)
 Control vs. UFH 0.73 (0.14, 3.71)

 UFH vs. LMWH 0.91 (0.34, 1.97)
 IPC vs. LMWH 0.61 (0.16, 2.20)
 Control vs. LMWH 0.65 (0.15, 2.49)

 0.05 1 20
 Favors first treatment Favors second treatment

 Comparison Odds ratio (95% Crl)

 LMWH vs. Control 2.14 (0.46, 14.7)
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 UFH vs. LMWH 1.06 (0.55, 2.19)
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ratio 0.51; 95% CrI, 0.41-0.63; P < 0.001; I2 = 77%) compared to 
placebo. The difference in DVT risks between UFH and LMWH 
was not significant. In the current meta-analysis, we evaluated 
12 RCTs, 10 of which included any heparin. Like the previous 
analysis, we observed a significant reduction in the risk of DVT 
with heparin compared with the control group (LMWH: OR, 
0.38; UFH: OR, 0.45). Since the last evidence synthesis, no addi-
tional trial directly comparing the efficacy of heparin to the con-

trol group was reported, so the greater estimated risk reduction 
reported in our results is likely attributable to the indirect com-
parison of LMWH to the control group via IPC. We observed 
comparable efficacies of UFH and LMWH, which was also in 
agreement with the previous analysis.
 Contrary to pharmacologic thromboprophylaxis, little evi-
dence is available to guide clinicians in the efficacy of mechani-
cal thromboprophylaxis. Current ACCP guidelines are based on 
two RCTs that compared the effect of IPC plus anticoagulation 
vs. anticoagulation alone in patients undergoing major ortho-
pedic surgery, not in critically ill patients (4,6-8). Despite the 
extensive use of mechanical prophylaxis in critically ill patients, 
evidence is limited to only one meta-analysis that included only 
two RCTs comparing IPC and LMWH (28).
 In our current analysis, the efficacy of IPC in preventing DVT 
was evaluated more precisely than in the previous meta-analy-
sis. We included two recent trials (10,11) that directly compared 
the efficacy of IPC to a control group and also indirectly com-
pared IPC to a control group via LMWH arms. Additional inclu-
sion of recent trials and indirect comparison via network model 
in our analysis expanded the evidence for evaluating the effica-
cy of IPC as thromboprophylaxis. We observed a trend of re-
duced DVT risk with IPC compared to the control group, but 
the reduction was not statistically significant. The use of IPC is 
relatively widespread and unrestricted in routine practice, but 
our results question the evidence of thromboprophylactic effi-
cacy of IPC. Moreover, recent report of a prospective cohort 
shows that nonleg venous thromboses are found in 2.2% of med-
ical-surgical critically ill patients, primarily in deep veins and 
proximal veins (29). It could be explainable that the relatively 
inferior efficacy of IPC to systemic pharmacological thrombo-
prophylaxis might be attributable to the increased incidence of 
nonleg venous thrombosis.
 The risk of major bleeding is an important outcome of throm-
boprophylaxis in critically ill patients, since major bleeding events 
can be potentially life-threatening. Additionally, both bleeding 
itself and subsequent discontinuation of thromboprophylaxis 
adversely affect clinical outcomes in the ICU. The risk of bleed-
ing is one of the main determinants of thromboprophylaxis strat-
egy, so we separately analyzed this outcome in medical and 
surgical critically ill patients. In patients with a standard risk of 
bleeding (medical critically ill patients), the LMWH, UFH, and 
control groups did not show differences in the risk of major blee-
ding. In patients with a higher risk of major bleeding (surgical 
critically ill patients, including trauma patients), UFH was insig-
nificantly associated with less major bleeding than the LMWH, 
IPC, or control groups. However, this result is primarily driven 
by the results of one RCT that compared LMWH and UFH in 
patients with major trauma. After reviewing all six major bleed-
ing episodes (1 with heparin vs. 5 with LMWH), the percentage 
of patients who required a transfusion, and the amount of trans-
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fusion needed, the authors of the trial concluded that the differ-
ence in major bleeding risk between UFH and LMWH was not 
significant.
 In the current guidelines, as well as in routine daily practice, 
the choice of thromboprophylaxis largely depends on a patient’s 
risk of bleeding. Therefore, the current analysis should be ap-
plied to patients according to individual bleeding risk. In criti-
cally ill patients with a standard risk of bleeding, pharmacologic 
thromboprophylaxis with any form of anticoagulant is likely the 
intervention of choice.
 On the basis of our results, we are concerned that mechani-
cal thromboprophylaxis is over-used in critically ill patients with 
a high risk of bleeding. As shown in the current meta-analysis, 
the evidence supporting the efficacy of IPC in DVT prophylaxis 
is not as robust as the evidence supporting pharmacological 
thromboprophylaxis. Moreover, patients with trauma and ma-
jor surgical procedures did not show significantly increased 
risks of major bleeding with pharmacological thromboprophy-
laxis. Further, mechanical thromboprophylaxis can cause the 
spread of nosocomial infections, induce mechanical problems 
of the lower extremity, and dislodge pre-formed DVT that can 
result in fatal PE (30-32). Such potential safety issues are more 
pronounced in critically ill patients. In addition, the routine use 
of IPC places a higher economic burden on the healthcare sys-
tem, especially in developing countries with limited resources 
for critical care medicine. Therefore, in patients without evidence 
of active bleeding or risk of life-threatening bleeding, pharma-
cological thromboprophylaxis could be a more effective, equal-
ly safe, and less expensive measure for the prevention of VTE. 
Patients currently categorized as having a high risk of bleeding 
may be better sub-categorized according to their actual bleed-
ing risk. The actual risk of major bleeding in various patient 
groups, such as critically ill patients with bleeding risk due to 
trauma, post-surgical patients, not including intracranial or in-
traocular surgery, and patients with a recent history of major 
bleeding in an internal organ, should be further tested in future 
trials. In addition, given the limited evidence regarding the effi-
cacy of mechanical thromboprophylaxis, more studies evaluat-
ing the role of mechanical prophylaxis are required in critically 
ill patients, especially those who cannot tolerate systemic anti-
coagulation.
 Our analysis has some important limitations. First, this meta-
analysis included clinically and methodologically diverse stud-
ies. Although we included only RCTs in the final analysis and 
achieved insignificant statistical heterogeneity, the study designs 
and populations differed. In addition, this was a study-level me-
ta-analysis, so data from individual patients were not included 
and, therefore, we could not adjust for patient-level confound-
ers. Second, different diagnostic methods were used for the eval-
uation of DVT. Although most of the studies reported results of 
Doppler ultrasonography, one trial used 125I-labeled fibrinogen 

leg scans and another trial performed venography at the end of 
the study. Third, the follow-up durations were diverse among 
the trials, ranging from 14 days to 6 months. Fourth, the defini-
tion of major bleeding varied slightly among the included trials. 
Finally, we focused on DVT as the primary outcome. Reduced 
risk of DVT cannot directly correlate with reduced risk of PE. 
However, PE was not diagnosed by universal screening of pa-
tients and all trials that reported the incidence of PE performed 
confirmative diagnostic tests only in patients who were clini-
cally suspected of having a PE. Therefore, the pooled analysis 
with PE is prone to bias.
 In critically ill patients, the efficacy of mechanical thrombo-
prophylaxis in reducing the risk of DVT is not as robust as those 
of pharmacological thromboprophylaxis. The risk of bleeding 
does not appear to be significantly influenced by the use of hep-
arin, even in patients with a high risk of bleeding. The choice of 
best thromboprophylaxis technique still needs further investi-
gations.
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