SYSTEMATIC REVIEW

Effect of Intermittent Pneumatic Compression
in Addition to Pharmacologic Prophylaxis

for Thromboprophylaxis in Hospitalized

Adult Patients: A Systematic Review and

Meta-Analysis

OBIJECTIVES: Venous thromboembolic events (VTE) are frequent complica-
tions in hospitalized patients and a leading cause of preventable death in hospital.
Pharmacologic prophylaxis is a standard of care to prevent VTE in patients at risk,
the additional value of intermittent pneumatic compression (IPC) is uncertain. We
aimed to evaluate the efficacy of adding IPC to pharmacologic prophylaxis to pre-
vent VTE in hospitalized adults.

DATA SOURCES: We searched the Cochrane Central Register of Controlled
Trials, Embase, MEDLINE, Cumulative Index to Nursing and Allied Health
Literature, ClinicalTrials.gov, and the International Clinical Trials Registry Platform
from inception to July 2022.

STUDY SELECTION: We included randomized controlled trials comparing the
use of IPC in addition to pharmacological thromboprophylaxis to pharmacological
thromboprophylaxis alone in hospitalized adults.

DATA EXTRACTION: Meta-analyses were performed to calculate risk ratio
(RR) of VTE, deep venous thrombosis (DVT), and pulmonary embolism (PE). We
assessed the risk of bias using the Cochrane Risk of Bias Tool for Randomized
Trials, Version 2 and the quality of evidence using the Grading of Recommendations
Assessment, Development and Evaluation approach.

DATA SYNTHESIS: We included 17 trials enrolling 8,796 participants. The IPC was
mostly applied up to the thigh and pharmacological thromboprophylaxis was primarily
low-molecular-weight heparin. Adjunctive IPC was associated with a decreased risk
of VTE (15 trials, RR = 0.53; 95% CI [0.35-0.81]) and DVT (14 trials, RR = 0.52;
95% CI [0.33-0.81]) but not PE (seven trials, RR = 0.73; 95% CI [0.32-1.68]).
The quality of evidence was graded low, downgraded by risk of bias and inconsist-
ency. Moderate and very low-quality evidence, respectively, suggests that adjunctive
IPC is unlikely to change the risk of all-cause mortality or adverse events. Subgroup
analyses indicate a more evident apparent benefit in industry-funded trials.

CONCLUSIONS: Results indicate low-quality evidence underpinning the addi-
tional use of IPC to pharmacological thromboprophylaxis for prevention of VTE
and DVT. Further large high-quality randomized trials are warranted to support its
use and to identify patient subgroups for whom it could be beneficial.

KEY WORDS: intermittent pneumatic compression devices;
embolism; Venous thromboembolic events; venous thrombosis

pulmonary

(DVT) and pulmonary embolism (PE), are the second most frequent
medical complication of hospitalization, the leading cause of preventable

Vnous thromboembolic events (VTE), including deep venous thrombosis
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death in hospital and one of the main drivers of increased
length of stay and hospital costs (between $8,870 and
$19,130 2021 U.S. dollars per complication) (1-5).
Without thromboprophylaxis, hospital-acquired DVT
occurs in 10% to 40% of medical or general surgical
patients, in 40% to 60% of major orthopedic patients,
and in 60% to 80% of spinal cord injury patients (6).

Pharmacological thromboprophylaxis with heparin is a
standard of care for hospitalized patients to prevent VTE.
If anticoagulants are contraindicated, mechanical prophy-
laxis (e.g., intermittent pneumatic compression [IPC]) has
been recommended (7, 8). However, the value of mechan-
ical thromboprophylaxis is questionable in patients without
a contraindication to anticoagulants. Based on very low cer-
tainty in the evidence of effect, the most recent American
Society of Hematology (ASH) guidelines suggest adding
mechanical thromboprophylaxis for patients undergoing
major surgery receiving pharmacological thromboprophy-
laxis (7) but not for medical patients (8). Given that anti-
coagulation and IPC intervene on two different aspects
of Virchows triad, it seems unlikely that an anticoagulant
would negate the effectiveness of IPC (9). However, IPC is
noisy, causes patient discomfort, can interfere with sleep
or early mobilization and may be a risk factor for delirium
(10-13). These factors could result in suboptimal com-
pliance with combined pharmacologic and mechanical
thromboprophylaxis (6) and lead to decreased effectiveness
of the latter. Furthermore, in addition to equipment costs,
IPC increases nursing workload (14) and has significant
environmental costs (single-use plastic sleeves). Evidence
suggests that the effectiveness of adjunctive IPC may vary
among target populations with different baseline risks and
risk factors, for example, general and abdominal-pelvic sur-
gery, major trauma, or critically ill patients (15, 16).

Current systematic reviews show inconsistent results
on the efficacy of adjunctive IPC in hospitalized patients
(17, 18) and additional randomized controlled trials
(RCTs) have been conducted since the publication of
these reviews and of the most recent ASH guidelines
(7, 8, 19-22). A systematic review of the best available
evidence is needed to inform future guidelines.

We aimed to evaluate the efficacy of adding IPC to
pharmacologic thromboprophylaxis to prevent VTE in
patients at risk admitted to hospital.

METHODS

We conducted a systematic review and meta-analy-
sis using methodological approaches outlined in the
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Cochrane Handbook for Systematic Reviews (23) and
reported results according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement (24). The protocol was registered
in Prospero (CRD42021250319) (25).

Design and Search Strategy

Electronic databases including Cochrane Central Register
of Controlled Trials, Embase, MEDLINE, Cumulative
Index to Nursing and Allied Health Literature,
ClinicalTrials.gov; and International Clinical trials registry
platform were searched from database inception to July 5,
2022. The search strategy included terms relating to the
intervention and the outcome with both high-precision
and high-sensitivity validated search filters for retrieving
RCTs (26) (Appendix 1, http://links.lww.com/CCX/B66).
A manual search of references of systematic reviews and
each identified article was performed. We used EndNote
X9 for reference management.

Study Selection

Tworeviewers (C.D., EH.S.-W.) independently screened
trials retrieved for eligibility by titles and abstracts and
evaluated the potentially eligible trials for inclusion or
exclusion using full-text reports. If trials were reported
in multiple papers, we retained results of the largest co-
hort if the same outcomes were reported. In the case
of disagreement, consensus was sought out and a third
reviewer (L.M.) was consulted when necessary.

Study Eligibility

RCTs comparing the use of IPC (any type, any duration)
in addition to pharmacological thromboprophylaxis
(any drug, any dose) to pharmacological thrombo-
prophylaxis alone (any drug, any dose) in hospitalized
adults were considered eligible. Trials were included if
at least 75% of the cohort sample was at least 18 years
old. Eligibility was not restricted by language or date.
Only peer-reviewed publications were considered.

Outcomes

Primary outcomes were VTE (which may include all
distal and proximal lower-limb DVT, PE, or other
thrombotic events reported by authors), proximal
and distal lower-limb DVT, and PE according to the
authors’ definition. Secondary outcomes were all-cause
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mortality and adverse events (i.e., treatment-related
death, discontinuation of thromboprophylaxis, any
other adverse events reported by authors).

Data Extraction

Independently in duplicate, two reviewers (C.D.,
EH.S.-W.) abstracted data on study design and setting
(randomization method, dates, country, number and
type of hospitals, funding), participants (inclusion and
exclusion criteria, number of participants randomized
and included at the end of trials, mean age, % men,
thromboprophylaxis indications, comorbidities), in-
tervention and comparator (drug and dose of antico-
agulants, IPC type and duration, elastic compression,
other interventions), and outcomes (measure, fol-
low-up and method). For each outcome, we extracted
the number of subjects per group and the number of
events. The abstraction form was pilot tested iteratively
until acceptable agreement was achieved. In the case
of missing data, up to three emails were sent to cor-
responding authors. In the case of disagreement, con-
sensus was sought out and a third reviewer (L.M.) was
consulted when necessary.

Risk of Bias (Quality) Assessment

Two reviewers (C.D., EH.S.-W.) independently
assessed risk of bias using the Cochrane Risk of Bias
Tool for Randomized Trials, Version 2. The risk of bias
on each item was rated as low, high, or unclear. In the
case of disagreement, consensus was sought, and a
third reviewer (L.M.) was consulted when necessary.
Funnel plots were generated with Review Manager
Version 5.4.1 (RevMan) to assess publication bias for
primary outcomes. Since blinding of the intervention
to the participants and healthcare providers was not
possible, we did not consider performance bias when
assessing overall risk of bias.

Data Synthesis

All statistical analyses were conducted with RevMan.
Results were expressed as risk ratios (RRs) with 95% Cls
weighted according to the Mantel-Haenszel method
(27). Statistical heterogeneity was assessed using the I?
statistic and considered important if greater than 50%.
Meta-analyses were performed using a DerSimonian
and Laird random-effects model.

Critical Care Explorations

Subgroup and Sensitivity Analyses

We performed prespecified subgroup analyses to
evaluate the robustness of the results and explore po-
tential sources of heterogeneity. We examined popu-
lation (trauma, elective orthopedic surgery, elective
nonorthopedic surgery, and medical patients), type of
anticoagulant (unfractionated heparin, low-molecu-
lar-weight heparin [LMWH], and direct oral anticoag-
ulants), IPC size (only on the foot, up to the calf or up
to the thigh), duration of IPC use (< 18 hr/d, > 18 hr/d)
(16), and industry funding from IPC manufacturers
(yes, no). We also restricted analyses to trials with a
low risk of bias. We conducted sensitivity analyses by
restricting the DVT outcome to proximal DVTs only.

Effect modification assessment was based on The
Cochrane handbook for systematic reviews (23). We con-
sidered subgroup eftects with a p value of less than 0.10 to
be statistically significant. Heterogeneity within subgroups
was considered important if I* greater than 50% (23).

Quality of Evidence

The quality of evidence for primary outcomes was
assessed independently by two reviewers with con-
tent expertise (C.D., EH.S.-W.) using the Grading of
Recommendations Assessment, Development and
Evaluation approach (28).

A copy of template data collection forms, data
extracted from included studies and data used for all
analyses in the review are available on request.

RESULTS

Search Results

Overall, we identified 1861 trials, of which 17 (8,796
participants) were retained for quantitative analysis
(Fig. 1) (19-22, 29-41).

Characteristics of Included Trials

The trials spanned data collected from 1994 to 2019 with
48 to 2,551 participants (eTable 1, http://links.lww.com/
CCX/B66). Trials were conducted in North America
(20, 29-31, 33, 34, 37), Europe (22, 35, 36, 38, 39), and
Asia (19-21, 32, 40, 41). Two trials were conducted
in multiple countries (20, 34). Populations included
patients with elective orthopedic surgery (n = 7) (30,
32, 35, 37, 38, 40, 41), nonorthopedic surgery (n = 5)
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Records identified from :
Databases (n = 2810)
CENTRAL (n = 428)
CINAHL (n = 493)
Embase (n = 1142)

After exclusion of
trials with no events,
15 trials were in-
cluded in the meta-
analysis for VTE, 14
for DVT, seven for
PE, four for all-cause

MEDLINE (n = 747)
Registers (n = 77)
ClinicalTrials.gov (n=24)

Records removed before screening:
Duplicate records removed (n = 1026)

mortality, and six
for adverse events

ICTRP (n= 53)
Total = 2887

(Table 1, Figs. 2-4;
and Appendix 2,
http://links.Iww.
com/CCX/B66).

Risk of Bias in

Records excluded

—| (n=1788)

Records screened

Included Trials

The risk of perfor-

(n=1861)

mance bias was high

Reports sought for retrieval

— (n=0)

Reports not retrieved

for all trials as none
employed a sham
device in the con-

(n=73)

trol group (eTable

Reports assessed for eligibility
(n=73)

Reports excluded (n = 56):
Not peer-reviewed report of a RCT (n = 29)
Subjects with acute DVT (n = 1)
No pharmacological prophylaxis in the intervention group (n = 14)
No IPC in the intervention group (n = 5)
No pharmacological prophylaxis in the control group (n = 1)
No outcome of interest (n = 1)
Multiple report (n = 5)

2, http://links.lww.
com/CCX/B66).

The risk of detection
bias was rated as un-
clear in 12 trials for
VTE, seven trials

Studies included in review

for DVT, 10 trials
for PE because, even
if the outcome was

- measured  objec-
(n=17) . .

tively by a blinded

evaluator, only

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram. CENTRAL = symptomatic ~ sub-

Clochrane Central Register of Controlled Tnals, CINAHL = Clumulatlf/el |nde>.< to Nursmg and Allied Health jects were assessed.
Literature, DVT = deep venous thrombosis, ICTRP = International Clinical Trials Registry Platform, L.

o . . . - . . As the clinicians

IPC = intermittent pneumatic compression, RCT = randomized controlled trial.
who assessed the
symptoms were

(19, 21, 29, 31, 33), medical conditions (n = 1) (39),
trauma (n = 1) (34), or multiple diagnoses (n = 3) (20,
22, 36). The IPC was mostly applied up to the thigh (19,
21,29, 31, 33, 39, 41) and pharmacological thrombopro-
phylaxis was primarily LMWH (19, 21, 31-33, 35-38).
All trials reported the number of thromboembolic
events (DVT or PE or both), 15 trials reported all-cause
mortality (19-22, 30-38, 40, 41), and eight trials re-
ported adverse events (19, 20, 22, 31, 34, 38, 40, 41).
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unblinded, we could not exclude a detection bias. The
overall risk of bias was rated low for one trial for VTE
(39), two trials for DVT (20, 39), and no trials for PE.

Effect of the Intervention

Venous Thromboembolism. The frequency of VTE
in the intervention group was half that of the con-
trol group (RR = 0.53 [0.35-0.81]) and statistical
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Experimental Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
Stannard 1996 0 25 5 25 1.9% 0.09[0.01,1.56] 1996 *
Ramos 1996 21 1355 48 1196 10.7% 0.39[0.23, 0.64] 1996 -
Dickinson 1998 4 23 1 20 3.0% 3.48[0.42, 28.63] 1998
Tamir 1999 1 24 3 24 2.8% 0.33[0.04, 2.98] 1999
Merli 2003 31 49 38 58 12.0% 0.97 [0.73, 1.28] 2003 T
Silbersack 2004 0 68 18 63 1.9% 0.03[0.00,0.41] 2004 ————
Eisele 2007 4 901 15 902 6.8% 0.27 [0.09, 0.80] 2007 -
Edwards 2008 6 141 17 136 8.0% 0.34[0.14, 0.84] 2008 -
Dennis 2013 38 306 54 313 11.4% 0.72[0.49, 1.06] 2013 -]
Sakai 2016 18 58 11 62 9.6% 1.75[0.90, 3.38] 2016 —
Liu 2017 5 60 11 60 7.4% 0.45[0.17, 1.23] 2017 -
Sang 2018 4 156 6 157 6.0% 0.67 [0.19, 2.33] 2018 I
Arabi 2019 103 991 95 1012 12.1% 1.11[0.85, 1.44] 2019 ™
Zhou 2020 1 46 9 46 3.2% 0.11[0.01, 0.84] 2020
Lobastov 2021 1 204 35 203 3.3% 0.03[0.00,0.21] 2021
Total (95% CI) 4407 4277 100.0% 0.53 [0.35, 0.81] <o
Total events 237 366

Heterogeneity: Tau? = 0.36; Chi® = 62.46, df = 14 (P < 0.00001); I> = 78%

Test for overall effect: Z = 2.95 (P = 0.003) 0.01 01 10 100

Favours [experimental] Favours [control]

-

Figure 2. Forest plot for venous thromboembolic events. df = degrees of freedom, M-H = Mantel-Haenszel.

Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
Stannard 1996 0 25 5 25 2.1% 0.09[0.01,1.56] 1996 *
Dickinson 1998 4 23 1 21 3.4% 3.65[0.44, 30.12] 1998
Tamir 1999 1 24 3 24 3.2% 0.33[0.04, 2.98] 1999
Merli 2003 22 49 35 58 13.1% 0.74 [0.51, 1.08] 2003 ]
Silbersack 2004 0 68 18 63 2.2% 0.03[0.00,0.41] 2004
Eisele 2007 4 901 15 902 7.6% 0.27 [0.09, 0.80] 2007 -
Edwards 2008 6 141 17 136 9.0% 0.34[0.14, 0.84] 2008 -
Dennis 2013 38 306 54 313 13.0% 0.72[0.49, 1.06] 2013 ]
Sakai 2016 18 58 11 62 10.9% 1.75[0.90, 3.38] 2016 —
Liu 2017 5 60 11 60 8.4% 0.45[0.17, 1.23] 2017 -
Sang 2018 4 156 6 157 6.7% 0.67[0.19, 2.33] 2018 - 1
Arabi 2019 49 957 55 985 13.1% 0.92[0.63, 1.33] 2019 -
Zhou 2020 1 46 9 46 3.6% 0.11[0.01, 0.84] 2020
Lobastov 2021 1 204 34 203 3.7% 0.03[0.00,0.21] 2021 —————
Total (95% CI) 3018 3055 100.0% 0.52[0.33, 0.81] L 2
Total events 153 274

Heterogeneity: Tau? = 0.36; Chi? = 44.00, df = 13 (P < 0.0001); I>=70%

Test for overall effect: Z = 2.89 (P = 0.004) 0.01 01 ! 10 100

Favours [experimental] Favours [control]

Figure 3. Forest plot for deep venous thromboses. df = degrees of freedom, M-H = Mantel-Haenszel.

Experimental Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
Ramos 1996 21 1355 48 1196 30.1% 0.39[0.23, 0.64] 1996 —u—
Stannard 1996 0 25 1 25 5.8% 0.33[0.01, 7.81] 1996
Merli 2003 9 49 3 58 19.2% 3.55[1.02, 12.40] 2003 =
Edwards 2008 1 141 1 136 7.2% 0.96 [0.06, 15.27] 2008
Sang 2018 1 156 1 157 7.2% 1.01[0.06, 15.95] 2018
Arabi 2019 8 991 10 1012 23.9% 0.82[0.32, 2.06] 2019 =
Lobastov 2021 0 204 5 203 6.7% 0.09[0.01, 1.63] 2021 *
Total (95% CI) 2921 2787 100.0% 0.73 [0.32, 1.68] -~
Total events 40 69

Heterogeneity: Tau? = 0.53; Chi? = 13.05, df =6 (P = 0.04); I = 54%

Test for overall effect: Z = 0.75 (P = 0.46) 0.01 01 ! 10 100

Favours [experimental] Favours [control]

Figure 4. Forest plot for pulmonary embolism. df = degrees of freedom, M-H = Mantel-Haenszel.
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TABLE 2.

Subgroup Analyses

Subgroup

ELENWEE

Venous Thromboembolic
Events

Deep Venous Thrombosis

Pulmonary Embolism

Main analyses

RR =0.53 (0.35-0.81), 15 studies,
8,684 participants, /> = 78%

Type of population

Trauma

Elective
orthopedic
surgery

Elective
nonorthope-
dic surgery

Medical

Type of drug

Unfraction-
ated heparin

Low-molecu-
lar-weight
heparin

Direct oral
anticoagu-
lant

Industry funding

Industry
funded/
industry sup-
plied material

None

IPC size
Foot

Calf

Thigh

IPC duration
< 18hr/d

> 18hr/d

Overall risk of
bias = low

RR = 0.33 (0.07-1.69), four
studies, 677 participants,
> =57%

RR = 0.38 (0.15-0.96), seven
studies, 2,165 participants,
> =73%

RR =0.35 (0.11-1.06), five
studies, 3,376 participants,
2= 69%

RR=0.79 (0.59-1.07), two stud-
ies, 2,133 participants, /> = 0%

RR=0.52 (0.22-1.26), three stud-
ies, 3,715 participants, /> = 76%

RR=0.31 (0.13-0.71), nine
studies, 3,943 participants,
> = 64%

RR = 0.90 (0.26-3.09), two

studies, 240 participants,
= 76%

RR = 0.20 (0.06-0.65), five
studies, 2,618 participants,
I>=83%

RR = 0.96 (0.67—1.35), six studies,
2,755 participants, > =53%

RR = 0.54 (0.08-3.50), three stud-
ies, 218 participants, > =68%

RR=0.31 (0.10-1.08), four
studies, 2,260 participants,
> =82%

RR = 0.46 (0.27-0.77), eight stud-
ies, 4,202 participants, /> = 65%

RR=0.12 (0.04-0.36), four stud-
ies, 2,352 participants, /> = 35%

RR = 0.74 (0.47-1.17), nine stud-
ies, 6,046 participants, > = 77%

RR=0.72 (0.49-1.06), one study,
619 participants, = not applicable

RR=0.52 (0.33-0.81), 14 studies,
6,073 participants, = 70%

RR = 0.65 (0.37—1.14), four
studies, 677 participants,
> =5%

RR =0.35 (0.13-0.91), seven
studies, 1,535 participants,
>=75%

RR = 0.30 (0.06-1.48), five
studies, 940 participants,
>=70%

RR = 0.79 (0.59-1.07), two stud-
ies, 2,133 participants, /> = 0%

RR = 0.45 (0.05-4.01), two stud-
ies, 1,164 participants, > = 62%

RR=0.31 (0.13-0.71), nine
studies, 3,943 participants,
I>=63%

RR = 0.94 (0.25-3.53), two

studies, 240 participants,
> =80%

RR = 0.21 (0.07-0.65), five
studies, 3,237 participants,
>=82%

RR =0.81 (0.54-1.22), six studies,

2,694 participants, > =54%

RR = 0.54 (0.08-3.50), three stud-

ies, 218 participants, > =68%
RR = 0.31 (0.10-1.03), four

studies, 2,260 participants,

> =82%

RR = 0.46 (0.24-0.90), seven stud-

ies, 1,651 participants, > = 67%

RR=0.10 (0.08-0.37), four stud-
ies, 2,293 participants, /> = 46%

RR=0.71 (0.42-1.21), eight stud-
ies, 3,461 participants, /> = 66%

RR=0.81 (0.61-1.09), two stud-
ies, 2,561 participants, > = 0%

RR =0.73 (0.32-1.68), seven stud-
ies, 5,708 participants, /> =54%

RR = 3.55 (1.02-12.40), one
study, 107 participants,
> = not applicable

RR =0.61 (0.08-4.86), two
studies, 327 patients,
2= 0%

RR = 0.40 (0.24-0.66), two stud-
ies, 2,864 patients, /2= 0%

Not estimable

RR = 0.38 (0.23-0.63), two stud-
ies, 2,601 participants, /> = 0%

RR = 0.31 (0.03-3.60), two
studies, 720 participants,
2= 0%

Not estimable

RR =0.31 (0.03-3.38), two
studies, 684 participants,
?=31%

RR =1.31 (0.55-3.13), three stud-
ies, 2,617 participants, > =21%

RR = 0.33 (0.01-7.81), one study,
50 participants, 2= not applicable

RR = 0.96 (0.06-15.27), one
study, 277 participants,
2= not applicable

RR = 0.38 (0.23-0.62), three stud-
ies, 3,271 participants, > = 0%

RR = 0.16 (0.02-1.38), two stud-
ies, 457 participants, /2 = 0%

RR=0.64 (0.21-1.98), five stud-
ies, 5,069 participants, /> = 76%

Not estimable

IPC = intermittent pneumatic compression, RR = risk ratio.
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heterogeneity was important (I* = 78%). The quality of
the evidence was graded as low, downgraded by risk
of bias and inconsistency (Tables 1 and 2, Fig. 2; and
eTable 3, http://links.lww.com/CCX/B66).

A statistically significant subgroup effect was only
found for industry funding (IPC appears to be more
effective in industry-funded trials; p = 0.01) and IPC
duration (IPC appears to be more effective if worn less
than 18 hr/d; p = 0.003). However, there was important
unexplained heterogeneity within subgroups, except
in the subgroup of patients who used IPC less than
18 hr/d (I* = 35%). Therefore, the validity of the associ-
ation estimate for each subgroup is uncertain, as indi-
vidual trial results are inconsistent. With only one trial
at low overall risk of bias, we could not conduct mean-
ingful analysis for this factor (Table 2; and Appendix 2,
http://links.lww.com/CCX/B66).

The funnel plot (Appendix 3, http://links.lww.com/
CCX/B66) suggests that most large trials have effects
measures close to the null. The asymmetrical appear-
ance of the funnel plot, with a gap at the bottom right
corner of the graph, is compatible with the possibility
of publication bias (42).

Deep Venous Thrombosis. The frequency of DVT
in the intervention group was half that of the control
group (RR =0.52 [0.33-0.81]) and statistical heteroge-
neity was important (I* = 70%). The quality of the ev-
idence was graded as low, downgraded by risk of bias
and inconsistency (Tables 1 and 2, Fig. 3; and eTable 3,
http://links.lww.com/CCX/B66).

As for VTE, a significant subgroup effect was only
found for industry funding (p = 0.03) and IPC dura-
tion (p < 0.00001) (Table 2; and Appendix 2, http://
links.lww.com/CCX/B66). The funnel plot for DVT
(Appendix 3, http://links.lww.com/CCX/B66) is sim-
ilar to the one for VTE.

When restricted to the two trials at low risk of
bias (20, 39), analysis showed a smaller and nonsta-
tistically significant effect (RR = 0.81 [0.61-0.19]).
The sensitivity analysis restricted to proximal
DVTs showed a smaller and nonstatistically sig-
nificant effect (RR = 0.70 [0.47-1.03]) and less
statistical heterogeneity (I = 24%) than the main
analysis (Table 2; and Appendix 2, http://links.lww.
com/CCX/B66).

Pulmonary Embolism. The frequency of PE was
not different between groups (RR = 0.73 [0.32-1.68]).
Statistical heterogeneity was important (I* = 54%). The
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quality of the evidence was graded as low, downgraded
by risk of bias and inconsistency (Tables 1 and 2 and
Fig. 4).

None of the subgroup analysis for PE suggested a
subgroup effect. The only statistically significant inter-
action was found in the subgroup analysis by type of
population (p = 0.006). However, trials were unevenly
distributed among the subgroups, either in number
of trials or in number of participants. Furthermore,
the subgroup effect was no longer statistically sig-
nificant if we excluded the trauma subgroup, com-
prising a single trial. The reduction of heterogeneity
in the subgroups was mainly from the pooling of
effect measure estimates with wide CIs (Table 2; and
Appendix 2, http://links.lww.com/CCX/B66).

The funnel plot for PE (Appendix 3, http://links.
lww.com/CCX/B66) has an unusual shape that pre-
cludes assessment about a potential publication bias,
especially since it includes fewer than 10 trials, leading
to low power for tests of asymmetry (42).

Secondary Outcomes. No difference was observed
for all-cause mortality or adverse events between
groups. Reported adverse events were limited to bleed-
ing and skin injury. Heterogeneity was null for both
analyses. The quality of the evidence was graded as
moderate for all-cause mortality and very low for ad-
verse events (Table 1; and Appendix 2, http://links.
lww.com/CCX/B66).

DISCUSSION

In this systematic review, adjunctive IPC was associ-
ated with an overall decrease of 50% in the risk of VTE.
This effect was also observed for DVT but not for PE.
The source of funding and duration of IPC influenced
these findings. The quality of evidence for VTE, DVT
and PE was graded low due to high risk of bias of in-
cluded studies and high between-study heterogeneity.
No differences in mortality or in adverse events were
observed.

Our results differ from previous systematic reviews.
We confirmed the reduction of the risk of DVT asso-
ciated with the addition of IPC to pharmacologic pro-
phylaxis shown in one systematic review (18) but not
in another (17). We did not confirm the reduced risk
of PE observed in these two reviews. The inclusion in
our review of recently published RCTs (19-22, 41), of
studies using anticoagulants other than heparin and
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the exclusion of observational studies could explain
these discrepancies.

The influence of industry funding we observed is con-
sistent with the literature: industry-funded trials often
lead to more favorable efficacy results than those funded
by other sources (43). The asymmetry of the funnel plot,
suggesting publication bias, could be partly explained by
unpublished industry-funded studies, as manufacturers
only need to demonstrate lack of harm and “substantial
equivalence” for the approval noninvasive medical devices
(24, 25). However, even if industry funding can lead to
an overestimation of the effect, it is a risk factor for bias
rather than a bias in itself (44). Confounding factors, such
as selection or detection methods, could be involved in
the subgroup differences. We conducted subgroup analy-
ses according to industry funding declared by the authors,
which may be a poor proxy (45) because methods for re-
porting, assessing, and handling the influence of industry
involvement still need to be developed (43). To better eval-
uate the benefits of the addition of IPC, it would be im-
portant to better evaluate the potential impact of funding
sources, or even better, to conduct independent trials.

The effect of the duration of the IPC application
observed in our meta-analysis is counterintuitive and
inconsistent with previous trials in which increased
duration of IPC was associated with a lower frequency
of DVT (46, 47). This contradiction could be explained
by lower adherence in the group with intended use
greater than 18 hours. Differences in compliance could
explain the large heterogeneity in the subgroup with
longer intended use because each study verifies com-
pliance in different ways, both quantitatively (number
of checks) and qualitatively (reliability of checks).

There were insufficient trials to conduct meaningful
subgroup analyses for the other factors but they could
explain some of the heterogeneity in effects. The type
of population is already considered in thromboprophy-
laxis regimen recommendations, which supports the
clinical relevance of this subgroup analysis. The effec-
tiveness of mechanical prophylaxis seems to be propor-
tional to the volume of tissue compressed (48) but IPC
devices applied up to the thigh may be more difficult to
use, interfering with postoperative dressings (30).

The differences in DVT locations considered across
trials may explain heterogeneity; IPC may be less
effective in preventing proximal DV Ts. The location of
DVT is a major issue in its therapeutic management,
since while a proximal DVT generally mandates full

Critical Care Explorations

anticoagulation, whereas a range of practices are used
for a distal DVT, including watchful waiting.

The remaining unexplained heterogeneity could be
related to the sample size or confounding factors such
as sex, age, body mass index, or comorbidities that vary
between trials. Lack of information prevented adequate
subgroup analyses based on these characteristics. Other
IPC characteristics, such as the type of compression (se-
quential, with multiple inflatable chambers or single),
the inflation rate (low or fast), the frequency (fixed or
adjusting to the venous refill rate) could also have an im-
pact on their efficacy (9, 39, 48). We noted that some
characteristics are shared by the same trials; for example,
four out of five industry-funded trials (35-37, 39) were
conducted in elective orthopedic surgery, used LMWH,
represented almost all trials with compression applied
to the calf and most of the industry-funded trials in-
cluded screening for both proximal and distal DVT in
the days following treatment. This could cause an addi-
tional confounding bias and makes it difficult to identify
unique factors that explain heterogeneity or groups in
which IPC may be of benefit. Finally, variability in the
effect of the intervention could be attributed to treat-
ment differences other than the addition of compression
between the intervention and control groups (19, 39).

Included trials all had a high risk of performance bias
due to lack of blinding for the intervention. However,
this unlikely to be addressed in future trials because the
use of a sham device would not be considered ethical
due to the increased risk of DVT, cost, and comfort.

This review involved a comprehensive search of cur-
rent literature, duplicate trial selection, assessment and
abstraction, and adherence to Cochrane methodology.
We followed a published protocol and report results
according to PRISMA guidelines. However, there are
several limitations.

First, VTE events were rare, generating wide con-
fidence limits for some results (23). Second, the un-
usual shape of funnel plots precluded the exclusion
of publication bias, which could lead to an overesti-
mation of the effect. Finally, the results of some reg-
istered trials have not yet been published, such as
those from the Efficacy of the Association Mechanical
Prophylaxis + Anticoagulant Prophylaxis on Venous
Thromboembolism Incidence in Intensive Care Unit
(ICU) study (49), whereas others have only been pre-
sented in conference abstracts and could not be in-
cluded in this review (50-52).
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Along with limitations related to the original trials,
these study limitations preclude strong recommen-
dations on the addition of IPC to pharmacological
thromboprophylaxis to prevent VTE.

CONCLUSIONS

Implications for Practice

Our results suggest there is low-quality evidence un-
derpinning the addition of IPC to pharmacological
thromboprophylaxis for prevention of VTE and DVT.
The apparent benefit is more evident in industry-
funded trials. We found no evidence of benefits for PE,
all-cause mortality or adverse events.

The results of this review may call for new studies
to inform an update of guideline recommendations,
which support the additional use of IPC in patients
undergoing major surgery.

Implications for Research

Results indicate that further large high-quality ran-
domized trials are warranted to support the use of
adjunctive IPC and to identify patient subgroups for
whom it could be beneficial. Cost-effectiveness data
are needed to justify healthcare resources used for IPC
treatment. Future research should also strive to eval-
uate patient-centered adverse events related to IPC
use, such as delirium or sleep disorders, which were
not evaluated in any of the included trials.

1 Department of Social and Preventative Medicine, Université
Laval, Quebec City, QC, Canada.

2 Population Health and Optimal Health Practices Research
Unit, Trauma-Emergency-Critical Care Medicine, Centre de
Recherche du CHU de Québec-Université Laval (Hépital de
I'Enfant-Jésus), Quebec City, QC, Canada.

3 Faculty of Pharmacy, Université Laval, Quebec City, QC,
Canada.

4 Centre of Excellence on Aging of Quebec, VITAM Research
Centre on Sustainable Health, Quebec City, QC, Canada.

5 Faculty of Nursing, Université Laval, Quebec City, QC,
Canada.

6 Department of Anesthesiology and Critical Care Medicine,
Faculty of Medicine, Université Laval, Quebec City, QC,
Canada.

7 Department of Medicine, Division of Critical Care, McMaster
University, Hamilton, ON, Canada.

8 Department of Health Research Methods, Evidence, and
Impact, McMaster University, Hamilton, ON, Canada.

Supplemental digital content is available for this article. Direct
URL citations appear in the printed text and are provided in the

10 www.ccejournal.org

HTML and PDF versions of this article on the journal’s website
(http://journals.lww.com/ccejournal).

Dr. Duval, Dr. Sirois, Mr. Savoie-White, Mr. Tardif, Dr. Mélanie, Dr.
Turgeon, and Dr. Moore were involved in concept and design. Dr.
Duval, Mr. Savoie-White, and Dr. Moore were involved in acquisition
of data. Drs. Duval and Moore were involved in analysis and drafting
of the article. Dr. Moore is the guarantor of the article. All authors were
involved in interpretation and revision.

This research was funded by the Canadian Institutes of Health
Research (Foundation grant no. 353374).

Dr. Duval received a scholarship from the Fondation du CHU de
Québec and the Université Laval. The remaining authors have
disclosed that they do not have any potential conflicts of interest.

For information regarding this article, E-mail: cecile.duval.1 @ula-
val.ca

Registration:  Prospero
CRD42021250319.

https://www.crd.york.ac.uk/prospero/

REFERENCES

1. Fernandez MM, Hogue S, Preblick R, et al: Review of the cost
of venous thromboembolism. Clinicoecon Outcomes Res 2015;
7:451-462

2. Heit JA, Spencer FA, White RH: The epidemiology of venous
thromboembolism. J Thromb Thrombolysis 2016; 41:3-14

3. Raskob GE, Angchaisuksiri P, Blanco AN, et al; ISTH Steering
Committee for World Thrombosis Day: Thrombosis: A major
contributor to global disease burden. Arterioscler Thromb Vasc
Biol 2014; 34:2363—-2371

4, Wendelboe AM, Raskob GE: Global burden of thrombosis. Cir
Res 2016; 118:1340-1347

5. Maynard G: Preventing  Hospital-Associated ~ Venous
Thromboembolism: A Guide for Effective Quality Improvement
Second Edition. Rockville, MD, Agency for Healthcare
Research and Quality, 2016

6. Geerts WH, Bergqvist D, Pineo GF, et al: Prevention of venous
thromboembolism: American College of Chest Physicians
Evidence-Based Clinical Practice Guidelines (8th Edition).
Chest 2008; 133:3815-453S

7. Anderson DR, Morgano GP, Bennett C, et al: American Society
of Hematology 2019 guidelines for management of venous
thromboembolism: Prevention of venous thromboembolism in
surgical hospitalized patients. Blood Adv 2019; 3:3898-3944

8. Schinemann HJ, Cushman M, Burnett AE, et al: American
Society of Hematology 2018 guidelines for management
of venous thromboembolism: Prophylaxis for hospital-
ized and nonhospitalized medical patients. Blood Adv 2018;
2:3198-3225

9. Dennis M: Does this recent randomised controlled trial of
intermittent pneumatic compression devices really indicate
that they are ineffective in critical care patients? J Thorac Dis
2019; 11:2195-2197

10. Anand S, Asumu T: Patient acceptance of a foot pump de-
vice used for thromboprophylaxis. Acta Orthop Belg 2007,
73:386-389

11. Maxwell GL, Synan |, Hayes RP, et al: Preference and com-
pliance in postoperative thromboembolism prophylaxis

October 2022 « Volume 4 « Number 10


http://journals.lww.com/ccejournal
mailto:cecile.duval.1@ulaval.ca
mailto:cecile.duval.1@ulaval.ca
https://www.crd.york.ac.uk/prospero/

Systematic Review

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

among gynecologic oncology patients. Obstet Gynecol 2002;
100:451-455

Cindolo L, Salzano L, Mirone V, et al: Thromboprophylaxis in
radical retropubic prostatectomy: Efficacy and patient compli-
ance of a dual modality. Urol Int 2009; 83:12-18

Walsh K, Bruza J: Anticoagulation. /n: Fractures in the Elderly.
Pignolo R, Keenan M, Hebela N (Eds). Humana Totowa, NJ,
Aging Medicine, Humana Press, 2011

Kahn SR, Lim W, Dunn AS, et al: Prevention of VTE in non-
surgical patients: Antithrombotic Therapy and Prevention of
Thrombosis, 9th ed: American College of Chest Physicians
Evidence-Based Clinical Practice Guidelines. Chest 2012;
141:e1955-e226S

Barrera LM, Perel B, Ker K, et al: Thromboprophylaxis for trauma
patients. Cochrane Database Syst Rev 2013; (3):CD008303

Gould MK, Garcia DA, Wren SM, et al: Prevention of VTE in
nonorthopedic surgical patients: Antithrombotic Therapy and
Prevention of Thrombosis, 9th ed: American College of Chest
Physicians Evidence-Based Clinical Practice Guidelines. Chest
2012; 141:e227S-e277S

Kakkos SK, Caprini JA, Geroulakos G, et al: Combined inter-
mittent pneumatic leg compression and pharmacological pro-
phylaxis for prevention of venous thromboembolism. Cochrane
Database Syst Rev 2016; 9:CD005258

Fan C, Jia L, Fang F, et al: Adjunctive intermittent pneumatic
compression in hospitalized patients receiving pharmacologic
prophylaxis for venous thromboprophylaxis: A systematic re-
view and meta-analysis. J Nurs Scholarsh 2020; 52:397-405

Sang CQ, Zhao N, Zhang J, et al: Different combination strate-
gies for prophylaxis of venous thromboembolism in patients: A
prospective multicenter randomized controlled study. Sci Rep
2018; 8:8277

Arabi YM, Al-Hameed F, Burns KEA, et al; Saudi Critical Care
Trials Group: Adjunctive intermittent pneumatic compres-
sion for venous thromboprophylaxis. N Engl J Med 2019;
380:1305-1315

Zhou X, Gong S, Liang W, et al: Elastic stockings plus enoxa-
parin and intermittent pneumatic compression in preventing
postoperative deep venous thrombosis in patients with ovarian
cancer. Int J Clin Exp Med 2020; 13:2717-2723

Lobastov K, Sautina E, Alencheva E, et al: Intermittent pneu-
matic compression in addition to standard prophylaxis of post-
operative venous thromboembolism in extremely high-risk
patients (IPC SUPER): A randomized controlled trial. Ann Surg
2021; 274:63-69

Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page
MdJ, Welch VA (Eds). Cochrane Handbook for Systematic
Reviews of Interventions version 6.3 (updated February 2022).
Cochrane, 2022. Available at: http://www.training.cochrane.
org/handbook. Accessed July 5, 2022

Moher D, Liberati A, Tetzlaff J, et al; PRISMA Group:
Preferred reporting items for systematic reviews and meta-
analyses: The PRISMA statement. J Clin Epidemiol 2009;
62:1006-1012

Duval C, Sirois C, Savoie-White F, et al: Adding intermit-
tent pneumatic compression to pharmacologic prophylaxis
for thromboprophylaxis in hospitalised adults at risk of ve-
nous thromboembolism: Systematic review and meta-anal-
ysis. PROSPERO 2021 CRD42021250319. Available

Critical Care Explorations

26.

7.

28.

29,

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

at: https://www.crd.york.ac.uk/prospero/display_record.
php?ID=CRD42021250319. Accessed September 27, 2022
Wong SS, Wilczynski NL, Haynes RB: Developing optimal
search strategies for detecting clinically sound treatment stud-
ies in EMBASE. J Med Libr Assoc 2006; 94:41-47

Mantel N, Haenszel W: Statistical aspects of the analysis of
data from retrospective studies of disease. J Natl Cancer Inst
1959; 22:719-748

Atkins D, Best D, Briss PA, et al; GRADE Working Group:
Grading quality of evidence and strength of recommendations.
BMJ 2004; 328:1490

Ramos R, Salem Bl, De Pawlikowski MP, et al: The efficacy of
pneumatic compression stockings in the prevention of pulmo-
nary embolism after cardiac surgery. Chest 1996; 109:82-85
Stannard JP, Harris RM, Bucknell AL, et al: Prophylaxis of
deep venous thrombosis after total hip arthroplasty by using

intermittent compression of the plantar venous plexus. Am J
Orthop (Belle Mead NJ) 1996; 25:127-134

Dickinson LD, Miller LD, Patel CP, et al: Enoxaparin increases
the incidence of postoperative intracranial hemorrhage when
initiated preoperatively for deep venous thrombosis pro-
phylaxis in patients with brain tumors. Neurosurgery 1998;
43:1074-1081

Tamir L, Hendel D, Neyman C, et al: Sequential foot compres-
sion reduces lower limb swelling and pain after total knee
arthroplasty. J Arthroplasty 1999; 14:333-338

Cahan MA, Hanna DJ, Wiley LA, et al: External pneumatic
compression and fibrinolysis in abdominal surgery. J Vasc Surg
2000; 32:537-543

Merli G: Prevention of venous thromboembolism in the acute
treatment phase after spinal cord injury: A randomized, mul-
ticenter trial comparing low-dose heparin plus intermittent
pneumatic compression with enoxaparin. J Trauma 2003;
54:1116—1124; discussion 1125-1126

Silbersack Y, Taute BM, Hein W, et al: Prevention of deep-vein
thrombosis after total hip and knee replacement. Low-molecular-
weight heparin in combination with intermittent pneumatic com-
pression. J Bone Joint Surg Br2004; 86:809-812

Eisele R, Kinzl L, Koelsch T: Rapid-inflation intermittent pneu-
matic compression for prevention of deep venous thrombosis.
J Bone Joint Surg Am 2007; 89:1050-1056

Edwards JZ, Pulido PA, Ezzet KA, et al: Portable compression
device and low-molecular-weight heparin compared with low-
molecular-weight heparin for thromboprophylaxis after total
joint arthroplasty. J Arthroplasty 2008; 23:1122-1127

Windisch C, Kolb W, Kolb K, et al: Pneumatic compression with
foot pumps facilitates early postoperative mobilisation in total
knee arthroplasty. Int Orthop 2011; 35:995-1000

Dennis M, Sandercock P, Graham C, et al; CLOTS (Clots in
Legs Or sTockings after Stroke) Trials Collaboration: The Clots
in Legs Or sTockings after Stroke (CLOTS) 3 trial: A ran-
domised controlled trial to determine whether or not intermit-
tent pneumatic compression reduces the risk of post-stroke
deep vein thrombosis and to estimate its cost-effectiveness.
Health Technol Assess 2015; 19:1-90

Sakai T, lzumi M, Kumagai K, et al: Effects of a foot pump on
the incidence of deep vein thrombosis after total knee arthro-

plasty in patients given edoxaban: A randomized controlled
study. Medicine (Baltimore) 2016; 95:€2247

www.ccejournal.org 11


http://www.training.cochrane.org/handbook
http://www.training.cochrane.org/handbook
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42021250319
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42021250319

Duval et al

41.

42,

43.

44,

45,

46.

47,

12

Liu P, Liu J, Chen L, et al: Intermittent pneumatic compression
devices combined with anticoagulants for prevention of symp-
tomatic deep vein thrombosis after total knee arthroplasty: A
pilot study. Ther Clin Risk Manag 2017; 13:179-183

Page MJ, Higgins JPT, Sterne JAC: Chapter 13: Assessing
risk of bias due to missing results in a synthesis. /In: Cochrane
Handbook for Systematic Reviews of Interventions version 6.3
(updated February 2022). Cochrane. Higgins JPT, Thomas
J, Chandler J, Cumpston M, Li T, Page MJ, Welch VA (Eds).
Cochrane Publisher location: Cochrane, 2022. Available at:
www.training.cochrane.org/handbook. Accessed July 5, 2022
2021

Lundh A, Lexchin J, Mintzes B, et al: Industry sponsorship
and research outcome. Cochrane Database Syst Rev 2017,
2:MR0O00033

Goodman S, Dickersin K: Metabias: A challenge for compara-
tive effectiveness research. Ann Intern Med 2011; 155:61-62
Rasmussen K, Schroll J, Gotzsche PC, et al: Under-reporting
of conflicts of interest among trialists: A cross-sectional study.
J R Soc Med 2015; 108:101-107

Murakami M, McDill TL, Cindrick-Pounds L, et al: Deep venous
thrombosis prophylaxis in trauma: Improved compliance with a
novel miniaturized pneumatic compression device. J Vasc Surg
2003; 38:923-927

Westrich GH, Sculco TP: Prophylaxis against deep venous
thrombosis after total knee arthroplasty. Pneumatic plantar

www.ccejournal.org

48,

49,

50.

51.

52.

compression and aspirin compared with aspirin alone. J Bone
Joint Surg Am 1996; 78:826-834

Comerota AJ: The future of deep venous thrombosis and post-
thrombotic syndrome in 2020. Phlebology 2012; 27(Suppl
1):95-102

Lacut K. Efficacy of the Association Mechanical Prophylaxis
+ Anticoagulant Prophylaxis on Venous Thromboembolism
Incidence in Intensive Care Unit (ICU) (CIREA2). ClinicalTrials.
gov [Internet]. Identifier NCTO0740987. Updated February
11, 20156. Available at: https://clinicaltrials.gov/ct2/show/
NCTO0740987. Accessed July 5, 2022

Siragusa S, Vicentini L, Carbone S, et al: Intermittent
pneumatic leg compression (IPLC) and unfraction-
ated heparin (UFH) in the prevention of post-operative
deep vein thrombosis in hip surgery. Blood 1994; 84
(Suppl 1):70a

Vicentini L, Siragusa S, Barone M, et al: Intermittent pneu-
matic leg compression and unfractionated heparin in the
prevention of post-operative deep vein thrombosis in hip
surgery: A randomized clinical trial. Haemostasis 1994; 24
(Suppl 1):236

Yanar H, Kurtoglu M, Taviloglu K, et al: Is intermittent pneu-
matic compression make low molecular weight heparin
more efficent in the prophylaxis of venous thromboembo-
lism in trauma patients. Eur J Trauma Emerg Surg 2007; 33
(8 Suppl 2):79-80

October 2022 « Volume 4 « Number 10


www.training.cochrane.org/handbook
https://clinicaltrials.gov/ct2/show/NCT00740987
https://clinicaltrials.gov/ct2/show/NCT00740987

