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INTRODUCTION

Critically ill patients are susceptible to thrombus for-
mation and embolism due to factors such as advanced age, 
prolonged immobility related to disease severity or seda-
tive use, and vascular damage from central venous cathe-
ters or other invasive procedures. The incidence of Deep 
Vein Thrombosis (DVT) in this population is approxima-
tely 15~30% [1,2]. 

DVT primarily affects the lower extremities, with blood 
clots forming in the deep veins and obstructing blood flow 
[3]. DVT is the leading cause of Pulmonary Embolism 
(PE); in recent times, DVT and PE together are referred to 
as Venous Thromboembolism (VTE) [3]. When VTE oc-

curs in the popliteal vein, it is classified as proximal VTE, 
whereas its occurrence in the calf vein is termed distal 
VTE. DVT often presents without symptoms or may mani-
fest as edema, tenderness, and fever. However, these 
symptoms can be difficult to distinguish from those of oth-
er conditions. Additionally, post-thrombotic syndrome, 
which is challenging to treat, may develop following DVT. 
Therefore, preventing the formation of venous thrombi is 
highly important [3,4].

The American College of Chest Physicians and the Ame-
rican Society of Hematology have issued guidelines rec-
ommending the use of anticoagulants for thrombus pre-
vention in critically ill patients without contraindications 
[5,6]. However, in cases where there is active bleeding or a 
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high risk of bleeding, Intermittent Pneumatic Compres-
sion (IPC) is advised as an alternative until the bleeding 
risk diminishes [5,6]. The efficacy of anticoagulants, such 
as Unfractionated Heparin (UFH) or Low-Molecular- 
Weight Heparin (LMWH), in thromboprophylaxis has 
been well-documented [1]. Nonetheless, their use may be 
limited due to concerns about bleeding or the potential for 
bleeding. In the realm of critical care nursing, IPC is fre-
quently chosen for its low bleeding risk and its ability to 
address Virchow's triad, making it a viable option for pre-
venting VTE either alone or in conjunction with anti-
coagulants [7].

However, there is a lack of studies on the thrombopro-
phylactic effects of IPC, the available evidence is incon-
sistent, and the efficacy of IPC remains uncertain. Only 
one previous meta-analysis [1] has examined the thrombo-
prophylactic efficacy of anticoagulants and included the 
effects of mechanical thrombosis prevention. Limpus et al. 
[8] conducted a systematic review of two Randomized 
Clinical Trials (RCTs) comparing IPC with LMWH in trau-
ma patients, revealing no significant difference in the in-
cidence of DVT between the two interventions. A prior 
network meta-analysis comparing IPC, a control group, 
and LMWH [9] suggested a trend toward reduced DVT 
risk, but the difference was not statistically significant.

However, other studies [10,11] have reported that IPC 
was effective in reducing the incidence of VTE and DVT 
compared to the control group. However, there was no 
significant difference when compared to LMWH. Additio-
nally, combining IPC with LMWH did not yield any extra 
benefits, and the bleeding rate was higher with LMWH. 
These findings suggest that IPC is relatively safe and is 
widely recognized and selected in critical care nursing 
[9,12]. Nonetheless, there is a lack of robust evidence to 
guide clinical practitioners regarding the thrombosis pre-
vention effects of IPC.

The evidence-based clinical practice guidelines of the 
American College of Chest Physicians [6] recommend 
strategies for VTE prevention. These recommendations 
are based on two RCTs that compared the combined effect 
of IPC and an anticoagulant with that of an anticoagulant 
alone in patients undergoing major orthopedic surgery 
[5]. Consequently, it is important to determine the effec-
tiveness of IPC in critically ill patients. This includes as-
sessing the thromboprophylactic effect of IPC alone on 
VTE prevention in general inpatients, as well as its poten-
tial additional benefits when used in conjunction with 
anticoagulants. Previous secondary analyses of the effi-
cacy of IPC in preventing VTE [9,11] were limited by the 
small number of RCTs and non-RCTs or observational fol-

low-up studies available, as there were few primary RCTs 
on the subject. Therefore, further research is required to 
provide robust evidence for the use of IPC in clinical 
practice. This study aimed to evaluate the characteristics 
and efficacy of IPC interventions for VTE prevention in 
critically ill patients. To achieve this, we conducted a sys-
tematic review of RCTs that implemented IPC inter-
ventions to prevent thrombosis in this patient population.

METHODS

1. Eligibility Criteria

We selected the study subjects according to Participants, 
Intervention, Comparison, Outcome, Setting, and Study 
Design (PICOS-SD) framework as follows: 1) participants: 
adults (at least 19 years old) who are hospitalized in Inten-
sive Care Units (ICUs); 2) intervention: IPC alone or a com-
bined intervention; 3) comparison: pharmacologic throm-
boprophylaxis, Compression Stockings (CS), or their com-
binations; 4) outcomes: the incidence rate of DVT (Proxi-
mal DVT [P-DVT], Distal DVT [D-DVT]), PE, and VTE as 
primary outcomes, as well as bleeding as the secondary 
outcome; 5) setting: ICUs; and 6) study design: RCT. The 
exclusion criteria were 1) studies in which the subjects 
were not critically ill or under the age of 19, 2) studies that 
did not report thrombus-related variables, and 3) studies 
that did not use an RCT design.

This study did not apply for IRB approval because only 
the literature was used as a research subject, and a proto-
col was not prepared.

2. Systematic Search

This study was conducted according to the Cochrane 
Handbook for Systematic Reviews of Interventions [13] 
and prepared according to the PRISMA reporting guide-
lines [14]. We conducted the data search from January 7 to 
January 11, 2023. Based on the COre, Standard, Ideal 
(COSI) model [15] presented by the U.S. National Library 
of Medicine, we used the international core databases, 
including Ovid-Medline, Embase, and Cochrane Central 
Register of Controlled Trials (CENTRAL); as Korean data-
bases, we used Korean Medical Database (KMbase), 
KoreaMed, and KoreaScience. We used the Cumulative 
Index to Nursing and Allied Health Literature (CINAHL) 
as a standard international database. As Korean standard 
databases, we used DBpia, the Journal of Korean Acad-
emy of Nursing, Journal of Clinical Nursing Research, 
Korean Journal of Adult Nursing, Journal of Korean 
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Academy of Fundamentals of Nursing, and Journal of 
Korean Critical Care Nursing. Google Scholar was searched 
using the snowball method. The search strategy was es-
tablished using Medical Subject Headings (MeSH) and 
EMTREE terms, and search functions such as Boolean op-
erators and truncation were used. Table 1 shows the 
search terms used. We used the RCT search filter of the 
Scottish Intercollegiate Guidelines Network. No restric-
tions were placed on the year of publication and the 
language. In addition, we included full texts and abstracts 
to minimize selection bias.

3. Data Selection

We managed the retrieved data using the EndNote 20 
program. After removing duplicate literature, we re-
viewed the titles and abstracts to select studies. We then 
reviewed the full texts to determine the subjects for the 
systematic review according to the literature selection and 
exclusion criteria. The literature selection process was con-
ducted independently by three researchers, and any dis-
agreements were resolved by consensus through discus-
sions based on the selection and exclusion criteria.

4. Assessment of Methodological Quality 

The methodological quality of the included study was 
assessed using the Cochrane Risk-of-Bias tool for random-
ized trials (RoB 2.0) [16]. This tool evaluates five domains: 
randomization process, deviations from the intended in-
tervention, missing outcome data, measurement of the 
outcome, and selection of reported results. Responses to 
each question within these domains are categorized as 
"yes," "probably yes," "probably no," "no," or "no infor-
mation." Based on these responses, the risk of bias is classi-
fied as "low," "some concerns," or "high" according to the 
tool's evaluation algorithm. Ultimately, the final quality 
assessment criteria of RoB 2.0 classify the risk of bias to be 
"low," "some concerns," or "high" [16]. The methodological 
evaluation of the quality of the selected studies was per-

formed independently by three researchers. In the event of 
disagreement, a consensus was reached through review 
and discussion.

5. Data Collection and Analysis

We extracted data using a collection sheet designed by 
our research team. We examined the characteristics of the 
included studies, such as the author's name, publication 
year, country of origin, selection and exclusion criteria for 
participants, number of participants, age, gender, Injury 
Severity Score (ISS), Body Mass Index (BMI), length of ICU 
stay, and duration of ventilator use or intubation. We ana-
lyzed the characteristics of the interventions, including the 
type of IPC intervention, device application mode, sleeve 
type, and the timing and duration of application. Additio-
nally, we assessed the control characteristics. Outcome 
measures were identified, including the incidence rates of 
DVT (P-DVT, D-DVT), PE, VTE, and bleeding.

In this study, the number of RCTs that reported throm-
boprophylaxis interventions with IPC was very small. The 
reported interventions and controls varied, as did the out-
comes, which restricted our ability to calculate a combined 
estimate of effect size through quantitative analysis. Con-
sequently, we conducted a systematic analysis of the types 
of interventions and their effects, with a focus on indi-
vidual outcomes. Furthermore, we reported the incidence 
rates of DVT (P-DVT, D-DVT), PE, and VTE as primary 
outcomes and bleeding as secondary outcomes.

RESULTS

1. Data Selection

The systematic literature search yielded a total of 1,072 
articles, and six articles were added through hand search-
ing. We removed 161 duplicate articles, and three re-
searchers reviewed the titles and abstracts, which led to 
the exclusion of 896 out of 911 articles. We selected 15 ar-
ticles to review according to the inclusion and exclusion 

Table 1. List of Search Terms

Search terms

Participants ‘Critical illness’ [MeSH], ‘Critical care’ [MeSH], ‘Intensive care units’ [MeSH], (‘critical$ adj5 ill$’) OR (‘depend$ adj5 patient$’) 
[Textword], ‘icu’ [Textword]

Interventions ‘Intermittent pneumatic compression devices’ [MesH], ‘pneumatic adj10 compression*’ OR compression adj10 device* OR 
sequential adj10 compression*’ [Textword], ‘flowtron OR IPC’ [Textword], ‘intermittent pneumatic compression device’ OR ‘A-V 
Impulse System’ OR ‘ArtAssist’ OR ‘Flexitouch system’ OR ‘FLOWTRON’ OR ‘intermittent pneumatic compression devices’ OR 
‘Plexipulse’ OR ‘pneumatic intermittent impulse device’ OR ‘SC-2004 Sequential Circulator PCD’ OR ‘Walkcare’ OR ‘assisted 
circulation’ OR ‘bandage’ OR ‘compression instrument’ OR ‘compression device’ OR ‘intermittent compression’ OR ‘intermittent 
pneumatic’ OR ‘foot pump’ OR ‘foot-pumps’ OR ‘foot-pump’ OR ‘compression garm’ [Textword].



Korean J Adult Nurs. 2024;36(1):28-40 31

Effects of Intermittent Pneumatic Compression 

criteria. Finally, we included six articles—one [A1] was an 
abstract and five were full texts [A2-A6]—and excluded 
nine articles. For the abstract [A1], we emailed the author 
to request the full text but were not able to reach them, so 
we decided to use the abstract. The final included studies 
are listed in Appendix 1 (Figure 1).

2. Assessment of Methodological Quality 

Since only the abstract was available for one of the six 
studies, it was judged to have a high level of overall bias 
due to the high risk of bias in "deviations from the in-
tended intervention" and "missing outcome data." Four 
studies showed a low overall risk of bias, and the remain-
ing study was judged to have "some concerns" (Figure 2).

3. Characteristics of the Included Studies and Partici-
pants 

The six studies aimed at preventing thrombogenesis 
in critically ill patients were conducted in the years 2003 
[A2], 2004 [A3], 2011 [A1], 2013 [A4], 2019 [A5], and 2021 
[A6]. These studies took place in various countries, includ-
ing multiple countries [A5], China [A1], the United States 
[A2], Turkey [A3], France [A4], and Russia [A6]. The set-
tings for these studies were ICUs, encompassing general 
ICUs [A4,A5], trauma ICUs [A2,A3], medical ICUs [A1], 
and surgical ICUs [A6]. The sample sizes varied, ranging 
from 120 to 2,003 participants, with a total of 1,762 in-
dividuals in the experimental groups and 1,778 in the con-
trol groups.

The age range of participants was 37.1~68.8 years, with 

CENTRAL=cochrane central register of controlled trials; CINAHL=cumulative index to nursing and allied health literature; 

Embase=excerpta medica database; KISS=Korean studies information service system; KMbase=Korean medical 

database; ICU=intensive care unit; RCT=randomized controlled trial.

Figure 1. PRISMA flow of study selection process.
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the proportion of men varying from 36.8% to 74.6%. Both 
the experimental and control groups exhibited similar lev-
els, although one study did not report these figures [A1]. 
The average BMI of participants was comparable to that of 
the experimental group, falling between 16.4~29.0 kg/m2 
[A3-A5]. Of the three studies that omitted BMI data, 
Ginzburg et al. [A2] specifically included only participants 
with a BMI under 25 kg/m2. The severity of the disease, as 
measured by the ISS or the Acute Physiologic and Chronic 
Health Evaluation II (APACHE II), was reported in three 
studies [A2,A3,A5]. Ventilator use duration was docu-
mented in only one study [A5]. The average length of ICU 
stay reported in five studies ranged from 5.0 to 10.7 days, 
with no significant difference between the experimental 
and control groups [A1-3,A5,A6] (Table 2).

4. Intervention Characteristics

The types of IPC interventions were categorized as fol-
lows: IPC alone [A1,A3,A4], IPC combined with Graduat-
ed Compression Stockings (GCS) [A2], IPC combined with 
an anticoagulant [A5], and IPC combined with both an an-
ticoagulant and GCS [A6]. 

Regarding the types of IPC intervention and control 
groups, single interventions were categorized as either 
IPC alone compared with a control group [A1] or IPC 
alone compared with an anticoagulant [A3,A4]. Combined 
interventions were defined as IPC and GCS used together 
and compared with GCS alone [A2], IPC and an anti-
coagulant used together and compared with an anti-
coagulant plus Elastic Compression Stockings (ECS), or a 
comparison involving an anticoagulant and ECS used to-
gether [A6]. Two types of compression stockings were 
identified: graduated and elastic. In all four studies, LMWH 
was employed as the anticoagulant [A3-A6].

The mode of application for IPC was sequential com-
pression in three studies [A3,A5,A6], while the remaining 
three studies did not report the mode used. Regarding 
the sleeve type of the IPC, four studies used thigh-length 
sleeves [A2,A3,A5,A6], one study used knee-length sleeves 
[A4], and one study did not report the sleeve type [1].

The initiation of IPC application varied across studies: it 
occurred immediately after admission to the ICU in two 
studies [A2,A4], within 24 or 48 hours of ICU admission in 
another two [A3,A5], prior to surgery in one study [A6], 
and was not reported in one study [A1]. 

The duration of IPC application ranged from 6 days 
[A2,A3,A5] to 28 days [A5] in cases where DVT or PE was 
suspected or confirmed. Two studies did not report the 
duration of IPC application [A1,A4]. The daily duration of 
IPC application varied, with some studies specifying con-
tinuous use throughout the day [A2], 22 hours [A5], 18 
hours [A6], or 16 hours [A3]. This information was not re-
ported in two of the studies [A1,A4] (Table 3).

5. Characteristics of Outcomes

1) Primary outcomes
One of the four studies [A1-A3,A5] that reported occur-

rences of DVT noted a statistically significant decrease in 
the group using IPC alone compared to the control group 
[A1]. No significant efficacy was observed in two studies 
[A2,A3] when compared to LMWH alone, and one study 
[A5] evaluated the additional effects of combining IPC 
with LMWH. 

No significant effect on P-DVT was observed in either of 
the studies that compared the additional effects of combin-
ing GCS with LMWH [A4,A5], or in the study that com-
pared the additional effects of combining IPC with GCS 
and LMWH [A6]. Among the two studies [A4,A6] that 

Figure 2. Risk of bias.
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reported on the occurrence of D-DVT, one study [A6] 
found a statistically significant reduction with the com-
bined intervention of anticoagulants and GCS. However, 
the other study [A4] found no significant effect when com-
paring the additional effects of GCS alone or in com-
bination.

In one out of six studies of PE [A1], IPC alone demon-
strated a significant reduction in PE incidence compared 
to the control group. No difference in PE incidence was ob-
served when comparing IPC with LMWH [A2,A3], IPC 
combined with LMWH versus LMWH alone [A5], or IPC 
combined with LMWH versus a triple intervention of IPC, 
LMWH, and ECS compared to a combined intervention of 
anticoagulants and GCS [A6]. 

One of the four studies that reported VTE incidence 
[A2,A4-A6] showed a significant reduction in VTE inci-
dence after a triple intervention of IPC, anticoagulants, 
and ECS, compared to a combined intervention of anti-
coagulants and GCS [A6]. No effect on VTE incidence was 
observed when IPC was combined with LMWH [A2], IPC 
with GCS was combined with GCS [A4], or IPC and 
LMWH were combined with LMWH [A5]. Doppler ultra-
sound was utilized to diagnose DVT in five studies [A1- 

A3,A5,A6], while one study employed compression ultra-
sound for diagnosis [A4] (Table 4).

2) Secondary outcomes
None of the four studies that reported bleeding [A2-A4, 

A6] found significant efficacy (Table 4).

DISCUSSION

This study aimed to investigate the characteristics of 
IPC interventions for thromboprophylaxis in critically ill 
patients and to analyze their effectiveness. In this section, 
we discuss the results of the six finally selected RCTs in the 
sequence of participants, interventions, and outcomes.

The risk factors for VTE are known to include age, BMI, 
surgery, trauma, cancer, chemotherapy, lower extremity 
surgery, pelvic fractures, severe infections, inflammatory 
bowel disease, severe cardiopulmonary disease, stroke, 
spinal cord injury, immobility due to paralysis, oral con-
traceptive use, pregnancy and childbirth, anticoagulant 
disorders, and obesity [6,17]. The studies reviewed here 
exhibited inconsistencies due to varying inclusion and ex-
clusion criteria related to bleeding risk factors or VTE risk 

Table 3. Details of Interventions (N=6)

Author
(year)

Intervention 
type

Mode of IPC 
IPC sleeve 

type

Duration of 
application
(hours/day)

Initiation Termination Comparisons

1. Zhang et al. 
(2011)

IPC alone NI NI NI NI NI No prophylaxis

2. Ginzburg 
et al. (2003)

IPC alone Graded sequential 
compression (inflated 
alternately to 40 mmHg on 
a 60-second cycle)

Thigh-length 16 Within 
24 hours 
after trauma

Walking 
independently, 

hospital discharge

LMWH 

3. Kurtoglu 
et al. (2004)

IPC alone 1. Prophylactic DVT system, 
model AC550; Flowtron 
Excell, Bedfordshire, UK 

2. Another IPC device (AV 
Impulse System, Duo; 
Novamedix, Andover, UK)

Below-knee NI On ICU 
admission 

NI LMWH

4. Vignon 
et al. (2013)

IPC with GCS SCDEXPRESSTM

 compression system
(Covidien)†

Thigh-length 24 NI Trial day 6 GCS

5. Arabi et al.
(2019)

IPC with 
LMWH

Sequential compression 
devices (nonsequential 
permitted)

Thigh-length 
(knee-length 
permitted)

22 NI Trial day 28
ICU discharge, death, 
full mobility

LMWH 
(UFH permitted)

6. Lobastov 
et al. (2021)

IPC with ECS 
& LMWH

3-chamber sequential 
compression (legs starting 
with a pressure of 40 
mmHg at the ankles)

Thigh-length 18
(except for 
0~6 AM)

NI IPC: DVT/PE 
suspected/confirmed

ECS: discharge
LMWH: discharge or 

within 7 days after 
surgery

ECS and LMWH

DVT=deep vein thrombosis; ECS=elastic compression stocking; GCS=graduated compression stocking; ICU=intensive care unit; IPC=intermittent pneumatic 
compression; LMWH=low molecular-weight heparin; NI=no information; PE=pulmonary embolism; UFH=unfractionated heparin; †Thigh-length, T.E.D.TM 
antiembolism stockings; Covidien, Mansfield, MA, USA.
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factors associated with anticoagulant use. Furthermore, 
the studies differed in terms of disease type, severity, age, 
and BMI of the participants. These factors can influence 
the outcomes. Therefore, it is necessary to validate the ef-
fectiveness of thromboprophylaxis in a controlled setting, 
where participant selection or exclusion criteria are stand-
ardized, using tools that assess the risk based on severity 
evaluation criteria or VTE [18-21].

Anticoagulants, such as warfarin, UFH, and LMWH, 
are recommended to reduce the risk of VTE in acute or 
critically ill patients. However, their use is limited by an 
increased risk of bleeding, which can counterbalance the 
benefits of thromboprophylaxis [6,17]. Mechanical throm-
boprophylaxis, which addresses most elements of Vir-
chow's triad without raising the risk of bleeding, is ad-
vised for use either alone or in conjunction with anti-
coagulants [6,7]. Among the mechanical thromboprophy-
laxis options for preventing VTE in critically ill patients 
who are at risk of bleeding from anticoagulant use, IPC is 
regarded as the most appropriate and cost-effective choice 
[22]. The thrombosis prevention guidelines for non-surgi-
cal critically ill patients [5] also suggest the use of IPC 
when anticoagulation is contraindicated or when there are 
concerns about bleeding. 

Our findings identified the following types of IPC inter-
ventions: IPC alone, IPC combined with GCS, IPC com-
bined with LMWH, and IPC combined with both ECS and 

LMWH. IPC alone was compared with either a control 
group or LMWH, while the combined interventions were 
compared in a manner that allowed for the assessment of 
additional effects beyond those of the individual inter-
ventions. A previous study [23] reported on the effective-
ness of IPC alone and anticoagulant therapy alone in in-
patients, as well as the combined use of IPC and LMWH. A 
retrospective study of ICU patients [24] analyzed the use 
of IPC alone, LMWH alone, and the combination of IPC 
and LMWH. Additionally, we identified existing system-
atic reviews and meta-analyses [9-11] that compared IPC 
alone and LMWH alone with a control group, as well as 
studies comparing IPC alone directly with LMWH alone. 

Meanwhile, our findings indicate that the sleeve-type 
IPC device was utilized in both thigh and calf configura-
tions. A previous non-RCT [25] comparing the effective-
ness of calf-thigh and foot types in patients undergoing 
hip replacement surgery demonstrated that the calf-thigh 
type was more effective at reducing postoperative thigh 
edema than the foot type. Future research should focus on 
comparing the effectiveness of IPC devices according to 
sleeve type in critically ill patients.

Next, we will discuss the effectiveness of IPC inter-
ventions based on the prevention of the risk of developing 
DVT, PE, and VTE, which are primary outcomes, and the 
risk of bleeding as a secondary outcome. The impacts on 
DVT incidence will be discussed in the following three 

Table 4. Details of Outcomes (N=6)

Author (year)

Intervention type
(No. of patients)

Primary outcomes
(No. of events)

Secondary 
outcome

(No. of events)

Diagnostic 
measurement 

of DVT
E C DVT P-DVT D-DVT PE VTE Bleeding

1. Zhang et al. 
(2011)

IPC alone (n=79) No prophylaxis 
(n=83)

  3†

16
 -‡  -‡   0†

 8
 -‡  -‡ Doppler 

USG

2. Ginzburg et al. 
(2003)

IPC alone (n=224) LMWH
(n=218)

 6
 1

 -‡  -‡  1
 1

  7
  2

 8
13

Doppler 
USG

3. Kurtoglu et al. 
(2004)

IPC alone (n=60) LMWH (n=60)  4
 3

 -‡  -‡  2
 4

 -‡  5
 9

Doppler 
USG

4. Vignon et al. 
(2013)

IPC with GCS 
(n=204)

GCS (n=202)  -‡  4
 4

 6
12

 0
 1

 10
 17

17
20

Compression 
USG

5. Arabi et al. 
(2019)

IPC with LMWH 
(n=991)

LMWH 
(n=1,012)

95
85

37
41

 -‡  8
10

103
 95

 -‡ Doppler 
USG

6. Lobastov et al. 
(2021)

IPC with ECS & 
LMWH (n=204)

ECS & LMWH 
(n=203)

 -‡  0
 5

  1†

15
 0
 5

  1†

35
 7
11

Doppler 
USG

C=control group; DVT=proximal or/and distal deep vein thrombosis as reported in the article; D-DVT=distal deep vein thrombosis; 
E=experimental group; ECS=elastic compression stocking; GCS=graduated compression stocking; IPC=intermittent pneumatic compression; 
LMWH=low-molecular-weight heparin; P-DVT=proximal deep vein thrombosis; PE=pulmonary embolism; USG=ultrasonography; 
VTE=venous thromboembolism; †p＜.05; ‡Not reported.
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categories. 
First, the risk of DVT when using IPC alone was re-

duced compared to the control group [A1]; however, 
there was no significant difference when compared to the 
LMWH group [A2,A3]. The effectiveness of IPC alone in 
lowering the incidence of DVT in acutely ill patients has 
been confirmed in surgical patients [26], and its significant 
thromboprophylactic efficacy has also been established in 
stroke patients through large-scale, multi-organ RCTs [27]. 
A systematic review and meta-analysis examining the effi-
cacy and safety of IPC and anticoagulants in neurosurgery 
patients found that both IPC and anticoagulants were sig-
nificantly effective in preventing DVT, with comparable 
efficacy between the two [10]. Our findings align with a 
study [24] that analyzed the DVT prevention effects of IPC 
application by reviewing the medical records of 500 medi-
cal-surgical ICUs. Another meta-analysis [11] reported on 
the DVT prevention effect of IPC in ICU patients. Park et 
al. [9] suggested that IPC alone may reduce the tendency 
for DVT incidence, but the efficacy in reducing DVT in-
cidence was not definitive; the effect of IPC in lowering the 
risk of DVT incidence in critically ill patients was not as 
pronounced as that of prophylactic anticoagulants. 

Second, our findings showed that there was no sig-
nificant difference in the incidence of either proximal or 
distal DVT when comparing the combined use of IPC and 
GCS with the use of GCS alone [A4]. A meta-analysis ex-
amining the effect of mechanical thromboprophylaxis on 
DVT in stroke patients [28] found that the included studies 
were unable to draw definitive conclusions regarding the 
benefits and risks due to limitations such as small sample 
sizes, diverse intervention methods, and varying DVT di-
agnostic techniques. In 2009, a multicenter RCT conducted 
across 64 centers in the UK, Italy, and Australia involved 
2,518 patients who were immobilized and hospitalized 
within one week of an acute stroke [27]. The study re-
ported that the incidence of DVT in patients who were ad-
ministered thigh-level GCS did not significantly differ 
from that in the control group [27]. Additionally, the GCS 
group experienced a higher occurrence of skin damage, in-
cluding ulcers, blisters, and skin necrosis, leading to the 
conclusion that thigh-length GCS provided no benefit to 
patients hospitalized for acute stroke [27]. Previous stud-
ies analyzing 326 medical records of critically ill patients 
found no difference in the incidence of DVT when com-
paring interventions with IPC, GCS, or elastic bandages 
[29]. However, when the venous blood flow rate was ex-
amined to compare the thromboprophylactic effects of CS 
and IPC in neurosurgical ICU patients, it was suggested 
that IPC might be more effective in preventing DVT than 

CS [30]. Furthermore, two meta-analyses [10,31] con-
firmed that IPC is more effective than GCS in preventing 
DVT. Fernando et al. [32] reported that LMWH was effec-
tive in reducing the incidence of DVT in critically ill pa-
tients compared to the control group. In contrast, the ef-
fects of UFH, IPC, and mechanical pressure (both IPC and 
GCS) did not differ significantly. Additionally, the study 
could not confirm the thromboprophylactic effect of com-
bining mechanical pressure with anticoagulant interven-
tions.

Third, there was no observed difference in the incidence 
of DVT and P-DVT between the combined intervention of 
LMWH and IPC compared to LMWH alone [A5]. Simi-
larly, no difference in P-DVT incidence was found when 
comparing the combined use of ECS and LMWH to 
LMWH alone, although differences in D-DVT incidence 
were noted. Furthermore, the additional benefit of com-
bining IPC with anticoagulants could not be established. A 
previous meta-analysis [23] indicated that adding anti-
coagulants to IPC did not significantly affect the reduction 
of DVT incidence. However, another study suggested that 
incorporating IPC with anticoagulants decreased the in-
cidence of DVT in surgical patients [33]. In summary, the 
efficacy of IPC alone in preventing DVT in critically ill pa-
tients was confirmed, and it was found to be as effective as 
LMWH. However, the study could not confirm either the 
added benefit of combining IPC with anticoagulants or its 
relative superiority to GCS. These conclusions are tenta-
tive due to the small number of studies included, the vari-
ability in participant characteristics and conditions, and 
the differences in the types of interventions across studies. 
Consequently, the generalizability of these results is lim-
ited until further research is available. 

The efficacy of IPC alone in preventing PE was estab-
lished in comparison with a control group [A1]. However, 
no significant difference was observed in the incidence of 
PE between the IPC and LMWH groups [A2,A3], indicat-
ing neither an additional benefit of LMWH nor an en-
hanced effect from the triple intervention involving IPC 
[A6]. Previous systematic reviews and meta-analyses [23, 
33] have been unable to confirm the benefit of adding anti-
coagulants to reduce the risk of PE in inpatients, although 
the supplementary effect of IPC has been verified. In con-
trast, no difference in PE prevention was noted among 
critically ill patients [24]. Therefore, while the efficacy of 
IPC in preventing proximal DVT and PE has not been con-
clusively demonstrated, one study [3] did find that IPC 
significantly reduced the occurrence of proximal DVT and 
PE. Consequently, further research is necessary to de-
termine the thromboprophylactic impact of IPC on prox-
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imal DVT and PE. 
The efficacy of interventions to reduce the incidence of 

VTE was confirmed in one study that compared a triple in-
tervention of IPC, LMWH, and ECS with a combined in-
tervention of anticoagulants and GCS [A6]. However, no 
difference in VTE incidence was observed between the 
combined use of IPC and GCS [A4] and the combination of 
IPC and LMWH [A5]. A previous study [34] reported that 
IPC was as effective as anticoagulants in preventing VTE 
in surgical patients. Furthermore, combining anticoagu-
lants with IPC could reduce the risk of VTE more than an-
ticoagulants alone, and IPC was associated with a lower 
risk of major bleeding compared to anticoagulants [34]. 
Meta-analyses [10,11] investigating the efficacy of IPC in 
preventing VTE in critically ill patients found no differ-
ence between IPC and LMWH, nor was there an addi-
tional effect when IPC was added to LMWH. However, 
this study included research that demonstrated effective-
ness in preventing VTE, leading to results that differed 
from previous studies [10,11]. Since the criteria for VTE oc-
currence varied across studies, further research with clear-
ly defined indicators is necessary to validate these findings.

For the secondary outcome, which was the prevention 
of bleeding, there was no significant difference in efficacy 
between IPC and LMWH [A2,A3]. In a comparison of a tri-
ple intervention involving IPC, LMWH, and ECS with a 
combined intervention of IPC and ECS, there was a trend 
toward reduced bleeding with the addition of IPC, but the 
difference was not statistically significant [A4,A6]. A pre-
vious study [23] confirmed the effectiveness of combining 
IPC with anticoagulants for all patients requiring throm-
boprophylaxis; however, the addition of an anticoagulant 
increased the risk of bleeding compared to using IPC 
alone. No increase in bleeding risk was observed when 
IPC was combined with anticoagulants, as opposed to an-
ticoagulant therapy alone. Other studies [9,24] found no 
significant difference in bleeding risk between IPC and 
LMWH in critically ill patients, although IPC was asso-
ciated with a lower risk of bleeding than LMWH in some 
reports [10]. Haykal et al. [11] noted that due to insufficient 
data, conclusions regarding the incidence of bleeding 
from IPC and LMWH interventions should be reserved 
until more empirical evidence is available.

Considering the bleeding risk associated with anti-
coagulants, our findings revealed that IPC alone is effec-
tive for thromboprophylaxis, showing no difference in ef-
ficacy compared to LMWH. Therefore, this study is sig-
nificant as it confirms the value of both anticoagulants and 
IPC as thromboprophylaxis interventions in critical care 
nursing. 

This study systematically reviewed six RCTs that as-
sessed the impact of IPC alone or in combination with oth-
er interventions on DVT, PE, VTE, and bleeding as a 
thromboprophylactic strategy in ICU patients. The inter-
ventions included three studies of IPC alone, one study of 
IPC with GCS, one study of IPC with anticoagulants, and 
one study combining IPC, GCS, and anticoagulants. Addi-
tionally, the comparison groups in the three studies of IPC 
alone consisted of one with no prophylaxis and two with 
anticoagulants. Consequently, this study was limited by 
the inability to derive pooled estimates from the meta- 
analysis to confirm quantitative efficacy.

Based on our findings, we make the following recom-
mendations: First, considering the application of IPC and 
the administration methods of LMWH, as well as the diag-
nostic methods for DVT, PE, and VTE, we propose a sys-
tematic review and meta-analysis that includes non-RCT 
studies in addition to the limited number of RCTs. Second, 
we suggest further research into the various application 
modes of combined interventions with anticoagulants and 
IPC as a thromboprophylactic strategy for patients who re-
quire thrombus prevention but are at high risk of bleeding 
or are contraindicated for anticoagulant use. Third, there 
is a need for a study to compare the application modes of 
IPC devices and the efficacy of thromboprophylaxis ac-
cording to the type of sleeve used. Fourth, we recommend 
a study to compare and validate the effectiveness of 
thromboprophylaxis using IPC against that of a foot 
pump. Fifth, we advocate for research to verify the efficacy 
of IPC alone or in combination with other interventions, 
taking into account patient severity, the presence of risk 
factors, and the assessment of VTE risk.

CONCLUSION

This study systematically reviewed RCTs that eval-
uated IPC interventions for thrombus prevention in crit-
ically ill patients. The effectiveness of IPC alone in pre-
venting thrombus formation was established, and addi-
tional benefits were observed when IPC was combined 
with anticoagulants and GCS. However, these effects were 
each demonstrated in only a single study, and no sig-
nificant differences in effectiveness were noted when com-
paring anticoagulants or GCS with IPC alone. The find-
ings suggest the potential for using IPC as a thrombopro-
phylactic strategy in critically ill patients who are at an in-
creased risk of bleeding or for whom anticoagulants are 
contraindicated. Consequently, there is a need for studies 
that consider the unique characteristics of critically ill pa-
tients and RCTs that assess the thromboprophylactic effi-
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cacy of IPC, either as a standalone intervention or in com-
bination with other treatments.
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