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Introduction

Critically ill patients (patients treated in a medical or surgi-
cal intensive care unit [ICU]) are at high risk of venous 
thromboembolism (VTE) development (deep vein throm-
bosis [DVT] and/or pulmonary embolism [PE]), with an 
estimation of 27% on average for VTE occurrence in this 
patient population.1,2

The recognition of this problem started a couple of 
decades ago, when this concern was studied in many studies, 

and solutions started to surface with improved and tar-
geted thromboprophylaxis measures3-5 (This problem was 
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Abstract
Critically ill patients (patients treated in a medical or surgical intensive care unit) are at high risk of venous thromboembolism 
(VTE) development (deep vein thrombosis [DVT] and/or pulmonary embolism). Multiple thromboprophylaxis strategies 
have been used for the prevention of VTE in this population with various outcomes. Therefore, we aimed to evaluate 
the efficacy of intermittent pneumatic compression (IPC) prophylaxis in the lower limb compared with no treatment, 
anticoagulant use, or their combinations in reducing risk. A comprehensive electronic database search was conducted for 
all randomized clinical trials (RCTs) comparing the clinical outcomes of IPC versus anticoagulants or no treatment or their 
combinations for the prevention of VTE for critically ill patients. The primary outcome was VTE. The secondary outcome 
was DVT. We performed a Bayesian network meta-analysis to calculate odds ratios (ORs) and 95% credible intervals (CrIs). 
We included 5 RCTs with 3133 total patients, represented by a mean age of 49.61 ± 18 years, while 60.28% were male. 
There was a significant reduction of the primary outcome (incidence of VTE events) when no treatment was compared 
with IPC (OR = 0.36; 95% CrI = 0.18-0.71), anticoagulation alone (OR = 0.30; 95% CrI = 0.12-0.68), or anticoagulation 
with IPC (OR = 0.34; 95% CrI = 0.13-0.81). In addition, there was a significant reduction in DVT when no treatment 
was compared with IPC (OR = 0.45; 95% CrI = 0.21-0.9), anticoagulation alone (OR = 0.16; 95% CrI = 0.03-0.66), or 
anticoagulation with IPC (OR = 0.18; 95% CrI = 0.03-0.84). However, there were no significant differences between 
other comparisons (IPC vs anticoagulation alone, anticoagulation alone vs anticoagulation with IPC, or anticoagulation with 
IPC vs IPC alone) regarding VTE or DVT incidence. Among critically ill patients, IPC alone, anticoagulation alone, and IPC 
with anticoagulation were associated with a significant reduction of VTE and DVT incidence compared with no treatment. 
However, there was no significant difference between these modalities when compared together. Therefore, further larger 
studies comparing those different thromboprophylaxis modalities and their combinations are needed to provide more 
robust results for future clinical recommendations.
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recognized decades before spurring studies and trials. This 
finding and gap in knowledge led to the emergence of 
improved and targeted thromboprophylaxis measures.)

Multiple well-studied thromboprophylaxis modalities 
exist. They are divided into pharmacologic thromboprophy-
laxis, with unfractionated heparin or low-molecular-weight 
heparin (LMWH), or mechanical thromboprophylaxis com-
prising intermittent pneumatic compression (IPC), lower 
extremities pumps, or compression stockings.6

Furthermore, based on a large meta-analysis done by Ho 
and Tan in 2013, it was found that for hospitalized patients, 
in general, IPC was effective in reducing VTE, and combin-
ing pharmacological thromboprophylaxis with IPC was 
more effective than using IPC alone, this conclusion does 
not apply to critically ill patients, especially with conflict-
ing data in the literature.7,8

With the emergence of large randomized controlled trials 
(RCTs),9 we aim to evaluate the efficacy of IPC compared 
with other thromboprophylaxis measures and their combi-
nations in critically ill hospitalized patients.

Methods

Data Sources

The study used the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses Protocols (PRISMA-P) 
Statement 2015.10 TH, SD, and YZ performed a compre-
hensive search of the literature using PubMed, EMBASE, 
and the Cochrane Collaboration Central Register of 
Controlled Trials from inception to June 2019. Any dis-
agreements were resolved by consensus. The following 
search terms were used: intermittent pneumatic compres-
sion, critical care, critically ill patients, deep vein thrombo-
sis, venous thromboembolism, thromboprophylaxis, and 
anticoagulation.

Selection Criteria and Data Extraction

The study inclusion criteria were the following: (1) all stud-
ies are RCTs; (2) all studies’ primary objectives included 
thromboprophylaxis; (3) IPC is used for thromboprophy-
laxis in any study arm as single or add-on therapy; (4) IPC 
alone or in combination with other thromboprophylaxis 
modalities is compared with placebo or no treatment or 
anticoagulation or other combinations of the thrombopro-
phylaxis modalities; (5) all studies include exclusively criti-
cally ill patients treated in either a surgical or a medical 
ICU; and (6) DVT, VTE, or death outcomes are reported. 
The study exclusion criteria were the following: (1) pre-
cious meta-analyses, commentaries, retrospective studies, 
case-control studies, case reports/series, prospective studies 
that are not randomized; (2) any subgroup analysis of an 
RCT or post hoc analysis; (3) when thromboprophylaxis 

was used in any study, however, none the outcomes of inter-
est were reported; and (4) thromboprophylaxis used for 
none of the critically ill patients. From each eligible study, 
2 authors, TH and HD, extracted the data, and a third author, 
MSM, resolved any discrepancies.

Outcomes

Our primary outcome was VTE. Secondary outcomes were 
all-cause mortality, DVT, PE, and bleeding.

Quality Assessment

The risk of bias in the included studies was assessed using 
the Cochrane Collaboration. Each of the included studies 
was assessed for risk of bias for random sequence genera-
tion, allocation concealment, the blindness of participants 
and health care personnel, the blindness of outcome assess-
ment, incomplete outcome data, selective reporting, and 
other biases. Two reviewers (YZ and TH) performed quality 
assessments independently, and any discrepancy was 
resolved with a third reviewer (VS).

Statistical Analysis

We performed a network meta-analysis using Markov Chain 
Monte Carlo simulation with little informative prior distri-
butions to derive the posterior distribution. Convergence 
was assessed using the Brooks-Gelman-Rubin method, 
while the random-effects model for consistency was reported 
as odds ratios (ORs) and Bayesian 95% credible intervals 
(CrIs). The relative treatment effects were reported as a 
probability of the best, second best, third best, and so on. 
Inconsistencies were assessed by comparing the deviance 
residuals and deviance information criteria statistics to iden-
tify any present loops in the treatment network. Data were 
analyzed using NetMetaXL v1.6.1 and WinBUGS v1.4.3. 
Pairwise meta-analysis was not completed due to limited 
direct comparisons between the different treatment arms in 
the studies.

Results

Study Selection and Trial Characteristics

Figure 1 illustrates the study selection process. We included 
5 RCTs with 3133 total patients, mean age of 49.61 years, 
and a male percentage of 60.28%. Table 1 and Table 2 illus-
trate the characteristics of the included trials and patient 
demographics, respectively.9,11-14

In the 5 included studies, 2 studies assessed the role of 
IPC in surgical ICUs, 2 studies assessed the role of IPC in 
medical ICUs, and 1 assessed IPC’s role in both surgical 
and medical ICUs. Two RCTs compared IPC alone with 
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Figure 1.  The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram.

anticoagulation, another 2 studies compared IPC alone with 
no treatment, and, finally, 1 study compared anticoagulation 
alone to IPC plus anticoagulation. The anticoagulation method 
used the most was LMWH. Included studies have perfor-
mance bias as blinding to study participants and personnel 
was not possible secondary to the nature of interventions. A 
quality assessment has been summarized in Figure 2.

Primary Outcome

There was a significant reduction of the primary outcome 
(incidence of VTE events) when no treatment was com-
pared with IPC (OR = 0.36; 95% CrI = 0.18-0.71), anti-
coagulation alone (OR = 0.30; 95% CrI = 0.12-0.68), or 
anticoagulation with IPC (OR = 0.34; 95% CrI = 0.13-
0.81). However, there were no significant differences 
between other comparisons (IPC vs anticoagulation alone, 

anticoagulation alone vs anticoagulation with IPC, or anti-
coagulation with IPC vs IPC alone) regarding VTE inci-
dence (Figure 3).

Secondary Outcomes

There was a significant reduction in DVT when no treat-
ment was compared with IPC (OR = 0.45; 95% CrI = 0.21-
0.9), anticoagulation alone (OR = 0.16; 95% CrI = 
0.03-0.66), or anticoagulation with IPC (OR = 0.18; 95% 
CrI = 0.03-0.84). However, there were no significant dif-
ferences between other comparisons (IPC vs anticoagula-
tion alone, anticoagulation alone vs anticoagulation with 
IPC, or anticoagulation with IPC vs IPC alone) regarding 
DVT incidence (Figure 4).

There were no significant differences between all com-
parisons regarding mortality reduction (Figure 5).
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Figure 2.  Risk of bias summary: review authors’ judgments 
about each risk of bias item for each included study. Empty 
blanks indicate an unclear risk of bias.

Due to low reported numbers of PE and bleeding inci-
dences across all RCTs, their analyses were inconclusive.

Table 3 shows all the outcomes data as collected from all 
5 RCTs.

Discussion

In this meta-analysis of 5 RCTs, IPCs were equally as effec-
tive as anticoagulation for thromboprophylaxis in critically 
ill patients, both as measures alone and their combination 
were effective in reducing VTE compared with no treat-
ment. A head-to-head comparison between IPC and antico-
agulation did not show a difference based on the data 
provided in this study.

In 2006, Limpus et al conducted a meta-analysis; how-
ever, limited data and evidence showed no difference 
between the use of compressive and pneumatic devices 

when compared with no treatment or use of LMWH. 
However, their uncertainty did not allow for a reliable clin-
ical recommendation.15

In an economic evaluation of VTE prophylaxis strategies 
in critically ill trauma patients at risk of bleeding, a state 
where anticoagulation is contraindicated, IPCs were con-
sidered among other mechanical thromboprophylactic mea-
sures as adequate and cost-effective.16

Michael et al and Kahn et al concluded that IPC use for 
thromboprophylaxis in critically ill patients should only 
come in place when there are contraindications for antico-
agulation or when bleeding is a major concern.17,18

In 2013, Arabi et al conducted multiple propensities score-
adjusted analyses and found that the use of IPC was associ-
ated with a significantly lower VTE risk, whereas graduated 
compression stocking use was not. The association was con-
sistent across all types of prophylactic heparin used and was 
not affected by trauma or surgical admission.19

In 2016, Park et al concluded in their meta-analysis that 
the efficacy of mechanical thromboprophylaxis in VTE 
prevention was not as robust as anticoagulation since they 
had similar bleeding profiles with slightly better prophy-
laxis with anticoagulation compared with mechanical 
thromboprophylaxis.20

Finally, in a recent Cochrane review article, combining 
IPC with anticoagulation reduced the incidence of DVT 
when compared with IPC alone, as well as the incidence of 
PE when compared with anticoagulation alone. There was 
no difference between combined and individual modalities 
in PE incidence when compared with compression alone or 
in DVT incidence when compared with anticoagulation 
alone. Compared with IPC alone, adding pharmacological 
prophylaxis to IPC raised the bleeding risk, a side effect that 
was not found for IPC when added to pharmacological 
prophylaxis.21

The strengths of our meta-analysis include an extensive 
search of the available literature. Furthermore, we included 
only RCTs, which helps eliminate the likelihood of con-
founding bias from nonrandomized studies. Our study also 
only focused on IPC as thromboprophylaxis in solely criti-
cally ill patients compared with previous studies. However, 
there are several limitations in the included clinical trials. 
First, almost all included trials have performance bias as 
blinding to study participants and personnel was not possi-
ble secondary to the nature of interventions. Second, due to 
various trial designs and protocols, there were differences 
in the anticoagulation dosing and the different control meth-
ods and thromboprophylaxis combinations used. Third, the 
safety of all measures was not possible due to the small 
numbers of bleeding events reported in the trials that ren-
dered its analysis inconclusive.

In light of those limitations that prevented our study 
from drawing more robust conclusions, it shows the impor-
tance of more future studies that can try to create better 
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Figure 3.  Forest plot of the primary outcome (venous thromboembolism incidence).

Figure 4.  Forest plot of deep vein thrombosis incidence.
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Figure 5.  Forest plot of all-cause mortality.

Table 3.  Detailed Data of All Reported Primary and Secondary Outcomes.

Studies Number of patients DVT PE VTE Death Bleeding

Ginzburg 
et al11

•• IPC group: 224 Pts
•• LMWH group: 

218 Pts

•• IPC group: 6 Pts 
(2.7%)

•• LMWH group: 1 Pt 
(0.45%)

•• P = .122

•• IPC group: 1 Pt 
(0.44%)

•• LMWH group: 1 Pt 
(0.45%)

•• IPC group: 7 Pts 
(3.14%)

•• LMWH group: 2 Pts 
(0.9%)

•• P = .176

•• IPC group: 0 Pts
•• LMWH group: 0 Pts

•• IPC group: 8 Pts
•• LMWH group: 

13 Pts

Kurtoglu 
et al12

•• IPC group: 60 Pts
•• LMWH group: 

60 Pts

•• IPC group: 4 Pts 
(6.6%)

•• LMWH group: 3 Pts 
(5.0%)

•• IPC group: 2 Pts 
(3.3%)

•• LMWH group: 4 Pts 
(6.6%)

•• IPC group: 6 Pts 
(9.9%)

•• LMWH group: 7 Pts 
(11.6%)

•• IPC group: 7 Pts 
(11.6%)

•• LMWH group: 8 Pts 
(13.3%)

•• IPC group: 5 Pts 
(8.2%)

•• LMWH group: 9 Pts 
(14.8%)

Zhang 
et al13

•• IPC group: 79 Pts
•• No treatment group: 

83 Pts

•• IPC group: 3 Pts 
(3.8%)

•• No treatment group: 
16 Pts (19.28%)

•• P < .01

•• IPC group: 0 Pts
•• No treatment group: 

8 Pts (9.64%)
•• P < .01

•• IPC group: 3 Pts 
(3.8%)

•• No treatment group: 
24 Pts

•• (28.92%)

•• IPC group: 1 Pts
•• (1.26%)
•• No treatment group: 

6 Pts (7.23%)
•• P < .01

N/A

Vignon 
et al14

•• IPC + GCS group: 
204 Pts

•• GCS group: 202 Pts

•• -IPC + GCS group: 
13 Pts

•• GCS group: 16 Pts

•• IPC + GCS group: 
1 Pt

•• GCS group: 1 Pt

•• IPC +GCS group: 
14 Pts

•• GCS group: 17 Pts

•• IPC + GCS group: 
69 Pts

•• GCS group: 68 Pts

•• IPC + GCS group: 
17 Pts

•• GCS group: 20 Pts
Arabi 

et al9
•• IPC + 

thromboprophylaxis 
group: 991 Pts

•• Thromboprophylaxis 
group: 1012 Pts

•• IPC + 
thromboprophylaxis 
group: 95 Pts

•• Thromboprophylaxis 
group: 85 Pts

•• IPC + 
thromboprophylaxis 
group: 8 Pts

•• Thromboprophylaxis 
group: 10 Pts

•• IPC + 
thromboprophylaxis 
group: 103 Pts

•• Thromboprophylaxis 
group: 95 Pts

•• IPC + 
thromboprophylaxis 
group: 258 Pts

•• Thromboprophylaxis 
group: 270 Pts

N/A

Abbreviations: DVT, deep vein thrombosis; PE, pulmonary embolism; VTE, venous thromboembolism; IPC, intermittent pneumatic compression; Pts, patients; LMWH, low-
molecular-weight heparin; N/A, not applicable; GCS, graduated compression stockings.

blinding among study components, have better clarity, and 
conform to protocols and assess safety better.

Conclusion

Among critically ill patients, IPC alone, anticoagulation 
alone, or IPC with anticoagulation was associated with a 

significant reduction of VTE and DVT incidence compared 
with no treatment. However, there was no significant differ-
ence between these modalities when compared together. 
Therefore, more extensive studies comparing different 
thromboprophylaxis modalities and their combinations are 
needed to provide more robust results for future clinical 
recommendations.
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