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Abstract

Aims This systematic review and meta-analysis aims to provide an up-to-date assessment of the efficacy of intermittent
pneumatic compression (IPC) devices in preventing and treating breast cancer-related lymphedema (BCRL).

Methods From establishment to 2025-03-21, randomized controlled trials of IPC in the prevention and treatment of BCRL
were searched and included in the databases of PubMed, Embase, Web of Science, The Cochrane Library, CNKI, WanFang
Data Knowledge Service (WanFang), and SinoMed. Two researchers used inclusion and exclusion criteria to choose literature
and assess its quality. RevMan 5.4 software was used for meta-analysis.

Results We found 14 randomized controlled studies with 1397 patients after conducting a thorough search across sev-
eral databases. Meta-analysis showed that IPC significantly reduced the incidence of BCRL after breast cancer surgery
(P<0.01, RR=0.36, 95%CI=[0.22, 0.58]) and improved the extension function of the affected limb (P =0.02, SMD =2.77,
95%CI=[0.41, 5.12]). Subgroup analyses indicated that lymphedema duration <24 months, IPC pressure <40 mmHg, treat-
ment time > 2 weeks, and evaluation time <2 months were associated with better limb volume outcomes (all P <0.05).
However, no significant effects were observed on other joint movements or the patient’s subjective symptoms.

Conclusion IPC devices can effectively prevent the occurrence of BCRL, likely due to enhanced lymphatic return and reduced
interstitial fluid accumulation, and early IPC intervention (<40 mmHg pressure, > 2-week duration) is recommended for
prevention, while combined therapies may be needed for established lymphedema. However, its limited therapeutic efficacy
in chronic lymphedema may be related to irreversible structural damage in advanced cases. We need further rigorous, mul-
ticenter studies to optimize IPC protocols and clarify its role in BCRL management.

Trial registration PROSPERO has registered this study under the CRD42025631301.
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Introduction

An estimated 2.3 million cases of breast cancer were
reported globally in 2023 [1]. It is the most frequent
malignant neoplasm in women and poses a serious risk to
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impacting the physical, mental, and emotional well-being
of patients [7]. Consequently, optimizing postoperative
recovery for breast cancer and effectively preventing and
treating lymphedema are of paramount importance.

Complete Decongestive Therapy (CDT) is the usual treat-
ment for individuals with BCRL [8], encompassing manual
lymphatic drainage (MLD), multi-layer short stretch com-
pression bandaging (CB), exercise, and diligent skin care
of the affected region [9]. While it has yielded favorable
outcomes in lymphedema management, it imposes stringent
physical and temporal demands, particularly with MLD and
CB [10]. It must be conducted by healthcare experts who
are specially trained and certified as lymphedema therapists
[11]. Lymphedema, an incurable yet manageable chronic
and progressive condition, necessitates prolonged home
care alongside extensive hospital therapy. Consequently, it
is impractical for patients or their families to anticipate home
treatment and prevention of BCRL by CDT.

Intermittent pneumatic compression (IPC) has been
utilized for the treatment of BCRL since the 19505 [3]; it
is frequently employed in conjunction with CDT to aug-
ment the therapeutic efficacy [12]. IPC therapy is a specific
device that uses an inflated sleeve to apply controlled, con-
stant pressure to the afflicted limb, facilitating lymphatic
drainage [13]. According to research, appropriate IPC use
has rare side effects [14], making it a safer and more effi-
cient treatment for lymphedema than invasive techniques.
Simultaneously, it is a more uniform and straightforward
treatment for patients, a therapeutic instrument for both
inpatient and outpatient care, and part of the patient’s
home care routine [15].

Both domestic and international researchers have exam-
ined the role of IPC in the prevention and treatment of
BCRL; however, the superiority of IPC over conventional
nursing methods remains contentious, as certain studies
[16-20] have indicated that IPC plays a significant role in
BCRL prevention. According to other researchers [21, 22],
as compared to the intervention group, the effect of IPC
on lowering lymphedema in the afflicted limb is not sta-
tistically significant. This needs to be confirmed by more
research. There are a few systematic review publications
regarding the effectiveness of IPC in the prevention or
treatment of BCRL, according to a literature review. A
comprehensive, methodical assessment of the relevant
research data is crucial, especially in light of the continu-
ous accumulation of knowledge in recent years. In order
to conduct a meta-analysis on the effectiveness of IPC in
the prevention and treatment of BCRL, this study gathered
published studies up until September 30, 2024, to improve
clinical nurses’ ability to provide the best possible treat-
ment plan.
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Methods
Search strategy

Using the following terms: ([“Breast Neoplasms” OR
“Breast Tumor” OR “Breast Cancer” OR “Breast Malignant
Neoplasm” OR “Breast Carcinoma”] AND [“Lymphedema”
OR “lymphoedema” OR “edema” OR “swelling” OR
“tumid”] AND [“Intermittent Pneumatic Compression
Devices” OR “pneumatic compression device” OR “inter-
mittent pneumatic compression” OR “IPC”]). The computer
system was queried in PubMed, Embase, Web of Science,
The Cochrane Library, CNKI, Wan Fang, and SinoMed from
inception to March 2015. The specific retrieval approach is
illustrated in Fig. 1, using PubMed as a case study. Publica-
tion status is unrestricted, and the languages permitted are
confined to English and Chinese. Grey literature sources,
including ClinicalTrials.gov, WHO ICTRP, OpenGrey,
ProQuest Dissertations & Theses, and major conference
abstracts (ASCO, ISL), were searched using the same
strategy.

Eligibility criteria

The references selected were randomized controlled
trials (RCTs) that compared treatment and prevention
using IPC devices or IPC devices in conjunction with
other measures against traditional methods. The criteria
for inclusion and exclusion were as follows: (1) Study
subjects (Patients, P): individuals aged 18 years or older
undergoing surgical intervention for breast cancer;
(2) Intervention (I): Patients in the intervention group
received treatment with IPC devices or IPC devices in
conjunction with additional interventions to address and
prevent BCRL; (3) Control measures (C): Patients in the
control group received standard nursing interventions;
(4) Outcomes (O): The principal outcome measure of
the IPC treatment’s efficacy was the variation in arm
circumference pre- and post-treatment of the affected
limb lymphedema, whereas the secondary outcome per-
tained to the patients’ subjective symptoms (such as limb
pain, tightness, heaviness, numbness, etc.). The principal
outcome measure employed to investigate the preventa-
tive effect of IPC was the incidence of lymphedema in
the affected limb. The secondary indicator is the opera-
tional condition of the affected limb; (5) Study design
(S): RCTs utilizing IPC devices for the prevention or
treatment of BCRL, published in Chinese or English.
Case series and review papers, duplicate publications,
inaccurate data, and inadequate literature were omitted.
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Fig. 1 PubMed search strategy PubMed Total
((((“Breast  Neoplasms”[Mesh]) OR  (“Breast  Tumor” | 487,897
41 [Title/Abstract]) OR (“Breast Cancer’[Title/Abstract]) OR
(“Breast Malignant Neoplasm”[Title/Abstract]) OR (‘“Breast
Carcinoma”[Title/Abstract])))
((((“Lymphedema” [Mesh]) OR (“lymphoedema”[Title/Abstract]) | 269,046
#2 OR (“edema” [Title/Abstract]) OR (“swelling”[Title/Abstract]))
OR (“tumid”’[Title/Abstract])))
(((“Intermittent Pneumatic Compression Devices”’[Mesh]) OR | 7,448
“ (“pneumatic compression device”[Title/Abstract]) OR
(“intermittent pneumatic compression”[Title/Abstract])) OR
(“IPC”[Title/Abstract])))
#4 #1 AND #2 AND #3 40

Selection procedure

Two researchers separately conducted literature screening
and data extraction according to the defined criteria, while
cross-validation was performed to verify correctness. The
title and abstract were reviewed for the initial screening
during the literature search, followed by a full-text evalua-
tion to discard publications that did not satisfy the inclusion
criteria. Disagreements were resolved by discussion or by
consultation with a third reviewer.

Data acquisition

The data gathering was performed independently by two
researchers and compiled into a Microsoft Excel spread-
sheet. We addressed discrepancies in data extraction by
engaging in dialogue and, when necessary, reaching out to
a third reviewer. Recorded baseline participant characteris-
tics encompassed age, clinical stage of breast cancer, history
of radiation, presence of comorbidities, educational attain-
ment, marital status, and pre-treatment circumference of the
afflicted limb. The period of follow-up was not a restrictive
criterion for research inclusion. Appendix 1 presents com-
prehensive inclusion and exclusion criteria for each study.

Quality evaluation for bias risk

The quality evaluation of the included randomized con-
trolled trials (RCTs) was performed utilizing the Cochrane
Risk of Bias Tool (2.0), which assesses studies across five
domains: randomization process, deviations from intended
interventions, missing outcome data, outcome measurement,

and selection of reported results. Each domain was clas-
sified as “Yes,” “Probably Yes,” “No,” “Probably No,” or
“No Information.” The studies were classified as “low risk,”
“some concerns,” or “high risk,” facilitating a thorough
assessment of the objectivity and precision of the published
results.

Data analysis

A meta-analysis was performed with RevMan 5.4. Continu-
ous data were evaluated using mean difference (MD) or
standardized mean difference (SMD). When only pre- and
post-treatment data were available within the same inter-
vention group, effect sizes were calculated as standardized
mean change using Hedges’g with small-sample correction,
assuming a correlation coefficient (r=0.5) between baseline
and post-treatment values.

Conversely, binary data were evaluated using relative risk
(RR), with 95% confidence intervals (CI) provided for all
effect sizes. Heterogeneity was evaluated utilizing /> and
O tests. A fixed-effect model was utilized when I? < 50%
and P >0.1; a random-effects model was applied for meta-
analysis when I?> 50%, with subgroup analyses stratified
by lymphedema duration, IPC pressure, and treatment time
to address heterogeneity. Funnel plots and Egger’s test were
employed to evaluate publication bias, while sensitivity anal-
ysis was performed using Stata 18.0 to verify the robustness
of the findings. Statistical significance was established at
P <0.05. The certainty of evidence for each main outcome
was evaluated using the GRADE approach, considering
study limitations, inconsistency, indirectness, imprecision,
and publication bias.
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PubMed Total

#1 ((((““Breast
Neoplasms”’[Mesh]) OR
(“Breast Tumor” [Title/
Abstract]) OR (“Breast
Cancer”’[Title/Abstract])
OR (“Breast Malig-
nant Neoplasm”[Title/
Abstract]) OR (“Breast
Carcinoma”[Title/
Abstract])))

487,897

#2 ((((“Lymphedema”
[Mesh]) OR
(“lymphoedema”[Title/
Abstract]) OR (“edema”
[Title/Abstract]) OR
(“swelling”[Title/
Abstract])) OR
(“tumid”[Title/Abstract])))

#3 (((“Intermittent Pneu- 7448
matic Compression
Devices”[Mesh]) OR
(“pneumatic compression
device”[Title/Abstract])
OR (“intermittent pneu-
matic compression”[Title/
Abstract])) OR
(“IPC”[Title/Abstract])))

#4 #1 AND #2 AND #3 40

269,046

Results
Selection of studies

The research selection procedure is defined in the
PRISMA flowchart (Fig. 2). Initially, 48 publica-
tions (26 in English and 22 in Chinese) were selected
by title and abstract screening. A total of 22 papers
were examined, leading to the inclusion of 14 arti-
cles (seven [21-27] in English and seven [16-20, 28,
29] in Chinese) that satisfied the established criteria.
The research comprised nine articles [21-29] address-
ing the therapeutic effect of IPC and five articles
[16-20] focusing on its preventive effects. No unpub-
lished or grey literature studies met the inclusion crite-
ria, and thus none were included in the final analysis.
Comprehensive criteria for each study are described
in Appendix 1. According to the Cochrane assessment,
the certainty of evidence ranged from low to moder-
ate across outcomes, reflecting limitations related to
risk of bias, heterogeneity, and small sample sizes in
included trials. The details of the included studies are
shown in Table 1.
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Participants

Fourteen articles involving 1397 patients were examined,
comprising 701 in the experimental group and 696 in
the control group. The age of patients was inconsistently
documented. Among eight [18-21, 23, 25, 28, 29] stud-
ies, the youngest cohort was recorded by YuNan, H et al.
[29] (experimental group: 35.46 +6.28, control group:
36.28 +7.56), while the oldest cohort was noted in Szuba
et al. [23] (experimental group: 68.8 +9.11, control group:
65 +10.8). The average age in previous research varied from
the mid-30 s to the mid-60 s. All patients were female and
diagnosed pathologically with breast cancer. Comprehensive
reporting encompassed lymphedema length in six studies
[22-27], BMI and postoperative treatment history in five
studies [21, 22, 25-27], and surgical lymph node dissec-
tion in four studies [22, 25—-27]. The baseline statistics were
consistent and comparable across the groups.

Results of the study bias risk assessment were
included

We assessed the bias risk of the included studies using the
Cochrane Risk of Bias Tool (2.0). Three studies [17, 21,
22] utilized a computer-generated random sequence for ran-
domization, whereas three [18, 20, 29] employed a random
number table. A study [26] randomized patients continu-
ously and alternately according to their admission time. In
research with insufficient randomization techniques, the
risk of bias was assessed as “some concerns.” The outcome
measurement of one article may exhibit inadvertent bias.
Nevertheless, in the real instrument, aside from the blind
intervention conducted only by the researcher, other evalu-
ation outcomes may be influenced by the absence of blind-
ing, which is insufficient to impact the assessment of the
intervention’s efficacy. Consequently, the measurement bias
is characterized as “some concerns.” Overall, eight articles
[16, 17, 19, 23-25, 27, 28] were classed as “some concerns”,
and six [18, 20-22, 26, 29] as “low risk”. Bias risk diagrams
for the studies considered are displayed in Appendix 2, 3,
and 4.

Therapeutic efficacy of IPC on BCRL

Nine studies [21-29] documented the therapeutic effect of
IPC on BCRL, of which six studies [21-26] employed CDT
or a combination of CDT and IPC as intervention measures,
while two [28, 29] utilized conventional therapy with IPC
as intervention measures. A study [27] employed the com-
pression bandage technique and a home workout regimen in
conjunction with IPC as intervention strategies. The control
group consisted of the compressed bandage approach and a
home exercise regimen in conjunction with MLD.
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—»| (n=26): Interventions are not clearly stated (n=9);

8 Records identified through database Searching (220): PubMed (n=40),
fé Embase (n=37), Cochrane (n=42), Web of Science (n=3), CNKI (n=35),
§) Wang fang (n=27), VIP (n=21) , SinoMed (n=15)
() l
2 Records after duplicates removed (n=144)
g
|
—
amm— Records screened (n=48) —
g
S |
2
- Full-text articles assessed for eligibility (n=22)
§ Studies included in Meta-analysis (n=14)
A

Fig.2 PRISMA flow diagram

Effect on limb volume

Limb volume alterations were employed as a diagnostic cri-
terion for evaluating the extent of limb edema in five studies
[21-25]. Of these, two studies [21, 22] exclusively docu-
mented the mean percentage of volume reduction pre- and
post-treatment. Due to the inability to transform these data
into a standardized format, they were omitted from the meta-
analysis. Specifically, Gurdal et al. [21] reported a mean
percentage reduction of 14.97% in the control group and
12.26% in the experimental group. The findings indicated
that, in comparison to other interventions combined with
CDT, CDT combined with IPC did not show a therapeutic
advantage in reducing limb edema volume and even exhib-
ited a lesser effect than the control group. Engin Tastaban
et al. [22] reported a volume reduction of 45.58% in the
control group and 50.07% in the intervention group. The
disparity between the groups was not statistically significant.

The remaining three studies [23-25] employed analogous
measurement methods, allowing for their integration in the
analysis. The results indicated statistical heterogeneity among

Records excluded (n=96): Unrelated topic (n=58);
Irrelevant research question (n=15); Different population
(n=9); Non-randomized control studies (n=14); Without
full text (n=4)

Article excluded during data extraction with reasons

Different interventions (n=17)

the three studies (P=0.001, P= 85%), which might be attrib-
uted to variations in lymphedema treatment protocols, such
as the specific intervention techniques, IPC pressure settings,
treatment durations, and timing of outcome measurements.
Therefore, a random-effects model was applied. The pooled
analysis showed no statistically significant difference between
groups (SMD=0.15, 95% CI=[-0.90, 1.21], P=0.78), indi-
cating that IPC did not produce a consistent additional benefit
in reducing limb volume overall. Subgroup analysis revealed
that lymphedema duration <24 months (SMD = —0.40,
95% CI=[-0.77,—-0.02]), IPC pressure <40 mmHg
(SMD = -5.60, 95% CI=[-1.06,—0.05]), treatment
time > 2 weeks (SMD = —5.60, 95% CI=[-1.06,—0.05]), and
evaluation period <2 months (SMD=0.67, 95% CI=[0.12,
1.22]) demonstrated statistically significant improvements
(P <0.05). Conversely, subgroup results for lymphedema dura-
tion > 24 months, IPC pressure >40 mmHg, and evaluation
period >?2 months were not significant (P> 0.05). Figure 3
presents the detailed outcomes of the subgroup analysis.
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Table 1 (continued)

Method of evaluate outcome Evaluation time

Specific control measures

Specific intervention

Date published Cases (T/C) Age (T/C)
measures

Study

Three courses

A special protractor was

Routine care (psychological

Routine care +IPC: Air

N/A

2016 284/283

Jie,Petal. [17]

used to measure the

counseling, dietary guid-
ance, daily routine care,

functional exercise)

wave pressure therapy

motion of the shoulder

instrument (DL2003V3)
was used from 7 days after
surgery, the pressure range

joint on the affected side
to evaluate the functional

status of the affected limb.

Use a tape measure to

was set to 60~ 120 mmHg,

each treatment was

measure the circumfer-

20 min, twice a day, and
10d was a course of

ence of the affected limb

to determine the degree of

swelling

treatment, a total of three
courses of treatment
Routine care + IPC:

N/A

The diameter of affected

Routine care (health educa-

39/39 66.12+5.84/67.78 +5.64

2019

PinKun,L et al. [18]

tion, physical exercise, limb was measured by

psychological care)

The IPC pressure

tape measure before and

after treatment

is 20~ 130 mmHg,

25 min ~ 30 min/time, the
inflation interval is 20 s,

two times/day, 10 days for

a course

Subgroup Combined effect size Heterogene-
ity test
SMD 95% CI P value P P
value  value
(%)
Duration of <24 months —0.40 [-0.77,-0.02] 0.90
lymphedema [25]
> 24 months —-0.40 [-1.13,0.32] 0.26
[24, 26]
IPC pressure <40 mmHg —5.60 [-1.06,—0.05] 0.032
[26]
>40 mmHg 0.15 [-0.90, 1.21] 0.78 85 0.001
[24, 25]
Treatment time <2 weeks [24, 0.15 [-0.90, 1.21] 0.78 85 0.001
25]
>2 weeks [26] —5.60  [-1.06,—0.05] 0.032
Evaluation time <2 months 0.67 [0.12, 1.22] 0.02
[24]
>2 months 0.44 [0.23, 0.65] <0.001 0 0.63
[25, 26]

*SMD (standardized mean difference) is a measure used to quantify
the difference between two groups in terms of the mean values of a
particular outcome. It is standardized by dividing the mean difference
by the pooled standard deviation, allowing for comparisons across
different studies, even if they use different measurement scales. The
95% CI (95% confidence interval) provides a range of values within
which the true effect size (SMD) is likely to fall with 95% confidence.
It gives an indication of the precision of the estimate. The P value is
a measure of the probability that the observed difference between the
groups could have occurred by chance. It is used to determine statisti-
cal significance. A P value <0.05 is typically considered statistically
significant, indicating that the observed difference is unlikely to be
due to chance. A P value >0.05 indicates that the observed difference
is not statistically significant

Effect on limb circumference

Two studies [26, 27] assessed the effect of IPC on limb cir-
cumference. Uzkeser et al. [26] observed that following a
7-week intervention, the diameter of the afflicted limb in the
IPC group considerably diminished (P <0.05). Conversely,
only the wrist circumference in the control group exhibited
a statistically significant reduction (P <0.05). This finding
does not indicate any supplementary advantage of IPC for
lymphedema management. Sanal-Toprak et al. [27] observed
that at 5 weeks and 3 months post-intervention, the circumfer-
ences of the wrist, metacarpophalangeal joints, and medial
epicondyle in both groups were significantly diminished
compared to baseline (P <0.05), although no significant
intergroup differences were identified. The alterations in the
five assessed levels of upper arm circumference were more
significant at 3 months compared to 5 weeks in both groups.

Effect on subjective symptoms

Five studies [21, 22, 24-26] assessed subjective symptom
outcomes. The investigations conducted by Uzkeser et al.
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Combined effect size Heterogeneity test
Subgroup
SMD 95% CI P-value *-value (%) P-value
Duration of lymphede < 24 months™® -0.40 [-0.77, -0.02] 0.90 - -
>24 months?**” -0.40 [-1.13,0.32] 0.26 - -
< 40mmHg?” -5.60 [-1.06, -0.05] 0.032 - -
IPC pressure
>40mmHg>>2¢ 0.15 [-0.90, 1.21] 0.78 85 0.001
) <2 weeks?*29 0.15 [-0.90, 1.21] 0.78 85 0.001
Treatment time
>2 weeks?*"! -5.60 [-1.06, -0.05] 0.032 - -
<2 months®”! 0.67 [0.12,1.22] 0.02 - -
Evaluation time
>2 months?**?” 0.44 [0.23, 0.65] <0.001 0 0.63

Fig.3 Subgroup analysis of IPC parameters on limb volume reduction

[26], Gurdal et al. [21], Haghighat et al. [25], and Szolnoky
et al. [24] revealed no statistically significant differences
in pain, heaviness, paresthesia, or other symptoms in the
affected limb of patients receiving IPC in conjunction with
CDT when compared to the control group (P> 0.05). In
contrast, Tastaban et al. [22] found that weight and tight-
ness in the treated limbs were considerably reduced in the
IPC + CDT group compared to controls (P <0.05), whereas
no statistically significant differences were observed for
other subjective symptoms, including pain and depression
(P>0.05).

Influence on therapeutic efficacy

Two studies [28, 29] assessed the treatment efficacy of
IPC on lymphedema, classifying outcomes as “obvious,”
“effective,” and “ineffective.” He et al. [29] evaluated ther-
apy success by measuring the decrease in circumference
diameter of the affected limb, whereas Luo et al. [28] con-
centrated on patient-reported symptoms, limb edema, and
the recovery of joint function. A meta-analysis has shown
that the experimental group achieved markedly better
treatment than the control group (P <0.01, RR=22.04,

@ Springer

95% CI=[4.13, 117.72]). The pooled results suggested a
possible trend toward better outcomes in the IPC group;
however, considerable heterogeneity and small sample
sizes limit the robustness of this finding. Thus, the thera-
peutic efficacy of IPC should be interpreted with caution.
The results are depicted in Fig. 4.

Analysis of the sensitivity of IPC therapy on the effects
of BCRL

The criteria for evaluating primary outcomes in the
selected research are variable. Incorporating a standard-
ized sensitivity analysis chart allows for the visual com-
parison and assessment of the impact of different outcome
indicators on model robustness. Studies that use non-con-
vertible data evaluate their potential influence on outcomes
without including them in the analysis. Figure 5a indi-
cates that the sensitivity analysis results for six studies
[21, 23-25, 27, 29] are inconsistent. Upon removing the
study by Yunan, He et al. [29], the aggregated results of
the remaining studies attain statistical significance (95%
CI=[-0.23-0.84]), as illustrated in Fig. 5b. This implies
that the outcome indicators in Yunan, He et al. [29] may
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Experimental Control Odds Ratio Odds Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl M-H. Fixed. 95% CI
Yonghong, L2012 30 30 16 28 27.0% 46.21[2.57,831.06) =
Yunan, H 2022 38 39 29 39 73.0% 13.10[1.59, 108.26) ——
Total (95% CI) 69 67 100.0% 22.04[4.13,117.72] —~asifiiioe—
Total events 68 45

B A _ _ = ; + + {
Heterogeneity: Chi*=0.49, df=1 (P=0.49), F=0% 0.001 01 ] 10 1000

Test for overall effect: Z= 3.62 (P = 0.0003)

Fig.4 Meta-analysis of patient’s therapeutic effect after IPC treatment

Meta-analysis estimates, given named study is omitted

| Lower CI Limit OEstimate | Upper CI Limit

Szuba (2002) | o

Szolnoky (2009) | [e]

Haghighat (2010) o
Gurdal (2012) o
YuNan, He (2021) o
Sanal-Toprak (2019) o
1
-0.52 -0.40 -0.17 0.05 0.34

(A) Original pooled results

Favours [control] Favours [experimental]

Meta-analysis estimates, given named study is omitted

| Lower CI Limit OEstimate | Upper CI Limit
Szuba (2002) || o |
Szolnoky (2009) || o
Haghighat (2010) o
Gurdal (2012) o
Sanal-Toprak (2019) 0 |
1
-0.39 -0.23 0.31 0.84 1.05

(B) Results after excluding He et al. (2022) due to subjective outcome measures

Fig.5 Sensitivity analysis of IPC therapeutic efficacy. *Fixed-effect model (/>=0%) in A; random-effects model (/>=45%) in B. Diamonds rep-
resent pooled effect sizes. Subjective symptom assessments in He et al. [29] may introduce bias.

possess a more significant subjective element, thus com-
promising the data’s accuracy.

Analysis of bias in IPC treatment on BCRL outcomes

Egger’s test and the funnel plot were utilized to evaluate
publication bias. The funnel plot (Fig. 6) exhibits a predomi-
nantly symmetric scatter distribution, indicating no publish-
ing bias. The Egger test result (P> 0.05) further substanti-
ates the lack of significant publication bias in this study.

IPC’s preventive effect on BCRL

The impact of IPC on the prevention of lymphedema asso-
ciated with breast cancer was investigated in five papers
[16-20], all of which used IPC as an intervention in addition
to standard treatment.

Prevalence of lymphedema

The prophylactic effect of IPC on BCRL was evaluated in
five studies [16-20], and the results showed no statistical

heterogeneity (P=0.48, ’=0%). A fixed-effect model was
therefore applied. As shown in Fig. 7, the study found that
the incidence of BCRL was significantly lower in the IPC
group compared to the control group (P <0.01, RR=0.36,
95% CI=[0.22, 0.58]).

Effect on limb function

The effect of IPC treatment on joint range of motion was
assessed in three studies [17, 19, 20], which showed sig-
nificant variability (> 50%). The use of a random effects
model for meta-analysis (Fig. 8) was required because of
this variability, which most likely resulted from variations
in specific therapy and the timing of outcome evaluations.

Adduction function: IPC had no statistically significant
effect of IPC on adduction function according to a meta-
analysis of three trials [17, 19, 20] (P=0.06, SMD =3.72,
95% Cl=[-0.19, 7.64]).

Abduction function: Likewise, no statistically significant
results were seen for the abduction function (P =0.14,
SMD =9.30, 95% CI=[-2.98, 21.59]).

@ Springer
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Fig.6 The funnel plot of studies 0 __SE(MD) .
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Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Jies P 2016 11 284 18 283 28.4% 0.59[0.27,1.28] —
Na, L2021 2 43 10 42 158% 0.16 [0.03, 0.76] - =
Pingian, L2019 5 38 11 38 157% 0.37[012,1.21] =
Yis C 2021 2 43 9 43 14.0% 0.18[0.04,0.91) O
Yuping, W 2015 8 a0 19 50 261% 0.31[0.12,0.80] —
ota % 0% k .22, 0.
Total (95% CI) 459 457 100.0%  0.36 [0.22, 0.58] S
Total events 28 67
Heterogeneity: Chi*= 3.46, df= 4 (P =0.48); F=0% =0 01 051 1 1’@ 1gg=
Testfor overall effect: Z= 4.25 (P < 0.0001) Favours [experimental] Favours [control]

Fig. 7 Meta-analysis of the incidence of lymphedema after breast cancer surgery between experimental group and the control group

Elevation: Elevation was not substantially impacted by ~ demonstrated that the aggregated results of the subsequent
trials were statistically significant (95% CI=[0.28, 0.63]),

IPC treatment (P =0.08, SMD =9.64, 95% CI=[-1.14,
which was consistent with the original combined results

20.42)).
Extension function: In contrast, IPC treatment consid- (RR=0.36,95% CI=[0.22, 0.58]). This consistency indi-
cates consistent outcomes, as shown in Fig. 9.

erably enhanced the afflicted limb’s extension func-
tion (P=0.02, SMD=2.77, 95% CI=1[0.41, 5.12]).
However, given the lack of biological plausibility and
potential measurement variability, this result should be

interpreted with caution.

Analysis of bias in IPC treatment intervention for BCRL

To assess publication bias, the funnel plot and Egger’s test
were employed. The funnel plot (Fig. 10) revealed a sym-
metric scatter distribution, indicating virtually no publish-
ing bias. The Egger test, which yielded a P value of 0.058
(P>0.05), confirmed this conclusion by showing no observ-
able publication bias.

Sensitivity analysis of IPC treatment intervention in BCRL

A one-by-one exclusion procedure was used to do a
sensitivity analysis on five experiments. The results

@ Springer
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Experimental Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

5.1.1 Adduction

Jie, P 2016 3701 226 284 3694 239 283 11.4% 0.07 [[0.31,0.45]

Na, L2021 3856 6.98 43 3111 572 42 7.5% 7.45(4.74,10.16) =t

Yis C 2021 3673 251 43 3254 328 43 104% 419[2.96,542] Pl

Subtotal (95% CI) 370 368 29.3%  3.72[0.19,7.64] et

Heterogeneity: Tau®=11.24, Chi*= 64.33, df= 2 (P < 0.00001); F=97%

Test for overall effect: Z=1.86 (P = 0.06)

5.1.2 Abduction

Jies P 2016 86.03 283 284 8575 263 283 114% 0.28[-0.17,0.73] i

Na, L2021 88.25 8.78 43 7212 693 42 6.4% 16.13[12.77,19.49] I

Yi, C 2021 134.09 1792 43 12213 16.24 43 24% 11.96([4.73,1919] =

Subtotal (95% Cl) 370 368 20.1% 9.30[-2.98, 21.59] —re——

Heterogeneity: Tau®=112.62; Chi*= 93.57, df= 2 (P < 0.00001); F= 98%

Test for overall effect Z=1.48 (P=0.14)

5.1.3 Elevation

Jie, P 2016 1615 576 284 16119 588 283 108% 0.31 [[0.65,1.27] T

Na, L2021 164.25 812 43 151.26 6.78 42 6.7% 1299([981,16.17] =

Yi, C2021 14465 16.87 43 12766 2217 43 1.9% 16.99([8.66, 25.32]

Subtotal (95% CI) 370 368 19.4% 9.64 [-1.14,20.42] “'."

Heterogeneity: Tau®= 84.44, Chi*= 69.44 df=2 (P < 0.00001); F=97%

Test for overall effect. Z=1.75 (P =0.08)

5.1.4 Extension backward

Jie, P 2016 4213 173 284 4208 171 283 11.4% 0.05[-0.23,0.33]

Na, L2021 4825 514 43 4124 539 42 8.5% 7.01[4.77,9.25) i

Yi, C 2021 4153 148 43 3926 1.37 43 11.2% 2.27 [1.67,2.87] st

Subtotal (95% CI) 370 368 31.1% 2.77[0.41,5.12] L

Heterogeneity: Tau®*= 3.93; Chi*=75.19, df= 2 (P < 0.00001); F=97%

Test for overall effect: Z=2.30 (P=0.02)

Total (95% CI) 1480 1472 100.0% 4.44[3.17,5.70] *

Heterogeneity: Tau®= 3.63; Chi*= 307.05, df= 11 (P < 0.00001); *= 96% En T 3 s 5

Test for overall effect: Z= 6.86 (P < 0.00001) .

F ] F |

Testfor subaroun differences: Chi*= 2.48. df= 3 (P = 0.48). F= 0% S e
Fig.8 A subgroup analysis of IPC treatment for BCRL
Fig.9 The sensitivity analysis Meta-analysis estimates, given named study is omitted
results of studies in IPC treat- | Lower CI Limit OEstimate | Upper CI Limit
ment intervention in BCRL .

Jie Pan (2016) O
Na Li (2021) O
Pingian Liu (2019) ©)
Yi Cheng (2021) @)
Yuping Wu (2015) a
|
0.21 0.28 0.42 0.63 0.70
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Fig. 10 The funnel plot of stud- D_'SE(Iog[OR]) .
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Discussion (CDT), IPC offers even more significant advantages, espe-

Incidence of BCRL and the significance of physical
therapy and IPC

About 20% of breast cancer patients experience BCRL
after therapy, making it a common consequence [30].
Physical therapy is crucial for the treatment of BCRL
because of its conservative and non-invasive approach
[31]. After breast cancer surgery, IPC, a crucial physi-
cal therapy approach, is especially helpful in treating
lymphedema.

For breast cancer-related lymphedema (BCRL), two con-
ventional treatments are manual lymphatic drainage (MLD)
and multilayer compression bandages (CB). The complexity
of these procedures, the requirement for specialized person-
nel, and the possibility of chronic skin problems are some of
its disadvantages [32, 33]. However, intermittent pneumatic
compression (IPC) offers several advantages as a mechani-
cal therapeutic tool. Because of its ease of use and ability
to be used at home, patients are less dependent on certified
lymphedema therapists [34]. Its portability also facilitates
long-term adherence, which enhances the effectiveness and
continuity of therapy [35]. Additionally, the action of the
muscle pump is effectively replicated by IPC’s dynamic
intermittent compression, promoting lymphatic return with
less skin irritation and greater safety [35].

IPC can be used on its own for patients with mild
lymphedema and as a routine postoperative treatment [36,
37]. It has shown exceptional efficacy in clinical settings
in avoiding post-breast cancer surgery lymphedema. How-
ever, when combined with Complex Decongestive Therapy

@ Springer

cially in improving limb function and reducing edema [38].
IPC can also be used in conjunction with other CDT thera-
pies, including manual lymphatic drainage and functional
exercises, to create a personalized treatment plan for each
patient’s particular ailment and attain the best possible thera-
peutic result [10].

Preventive efficacy and ideal duration of IPC

This study’s comprehensive analysis demonstrates that
early IPC treatment can considerably lessen the risk of
skin infections and limb dysfunction, improve patients’
postoperative quality of life, and reduce the incidence of
postoperative lymphedema [16-20, 39]. While extend-
ing the treatment period to 12 weeks did not improve
results, research by Pan et al. indicated that 5 weeks of
IPC treatment can considerably reduce the incidence of
lymphedema, indicating that the duration of IPC inter-
vention has to be further optimized [17]. Although their
participants were not restricted to patients with postopera-
tive breast cancer lymphedema, a study by Ridner et al.
likewise showed that the best course of treatment for
cancer-related lymphedema is 1 month [39]. To develop
a more accurate intervention timing model and provide a
scientific foundation for clinical practice, future research
should integrate existing data, conduct cohort studies with
varying time gradients, and carry out long-term follow-
up [40]. This is because postoperative recovery following
breast cancer surgery is complicated.

IPC has proven to be quite effective in avoiding
lymphedema associated with breast cancer. IPC has
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proven to be beneficial in preventing breast cancer-related
lymphedema by simulating the physiological action of the
muscle pump. Through gradual inflation and deflation, IPC
promotes lymphatic and venous return, reduces interstitial
fluid accumulation, and thereby decreases the risk of post-
operative lymphedema [41, 42].

Comparative efficacy of IPC in treatment of BCRL

When it comes to treating BCRL, IPC may be beneficial in
improving lymphatic return and alleviating upper limb dis-
comfort by promoting local circulation and reducing inter-
stitial fluid accumulation. While these effects may help slow
disease progression, the therapeutic impact appears modest
and varies across studies. In addition to greatly easing the
patient’s upper limb pain, the lowering of inflammation also
delays the advancement of lymphedema. Additionally, long-
term accumulation of lymphatic fluid may lead to progres-
sive tissue fibrosis and lymphatic dysfunction, which could
partly explain the limited therapeutic response observed in
chronic lymphedema. However, this remains a theoretical
explanation, as the included studies did not provide direct
data confirming this mechanism. Future studies with histo-
pathological or imaging assessments are needed to verify
this hypothesis.

The extension function of the affected limb

This study observed an apparent improvement in the exten-
sion function of the affected limb; however, the underly-
ing mechanism remains unclear, and this finding may be
attributable to measurement variability or chance rather
than a definitive therapeutic effect. Therefore, it should be
interpreted with caution. However, as compared to the con-
trol group, there is no discernible difference in the treated
limb’s other motor functions after the intervention. The
rationale may be that distinct limb functional movements
depend on diverse muscle groups, joint anatomy, and brain
control mechanisms [43]. Consequently, acknowledging
the constraints of monotherapy in managing breast cancer
lymphedema, it may be supplemented with rehabilitation
exercises involving active muscle contraction and relaxa-
tion alongside MLD/CDT [44]. Additionally, enhancing
muscular strength and joint mobility, initiating early special-
ized training for various functional impairments [45], and
employing physical therapy or surgical intervention when
warranted can optimize limb functionality and elevate the
quality of life for patients.

The volume and circumstance of the affected limb

A comparative examination of limb volume and circumfer-
ence before and after treatment [21-27] demonstrated no

distinct advantage of IPC in the treatment of breast can-
cer-related lymphedema, contradicting patient treatment
outcome conclusions [28, 29]. The subjective evaluation
criteria and insufficient methodological explanations in
the included research cast doubt on the authenticity of the
results. The role of IPC in lymphedema treatment is subtle,
potentially attributable to chronic lymphedema, restricted
action depth and range, or inadequate treatment planning
and parameter configurations. Subgroup analyses indicated
that IPC treatment was markedly more beneficial for patients
with lymphedema lasting <24 months, implying superior
efficacy in addressing freshly formed lymphedema rela-
tive to chronic instances. Furthermore, when IPC treatment
pressure was <40 mmHg, a trend towards better therapeu-
tic response was observed, suggesting that reduced pressure
parameters may facilitate lymphatic return; it is hypothe-
sized that lower pressure aligns more effectively with the
physiological attributes of the lymphatic system, thereby
promoting lymphatic flow and potentially contributing to
modest improvement in limb volume, offering theoretical
justification for clinical parameter configurations. In clini-
cal applications, parameters including treatment pressure,
duration, frequency, and pressure mode are frequently estab-
lished based on clinical experience or established standards
[46, 47]. Treatment durations exceeding 2 weeks appeared
to yield more favorable outcomes, highlighting the need to
develop optimized and standardized treatment strategies. In
addition to efficacy considerations, the clinical application
of IPC requires careful attention to safety and appropriate
parameter selection, particularly regarding pressure intensity
and treatment duration. These aspects are discussed in the
following section.

Safety profile and pressure optimization

This analysis confirmed the safety of IPC treatment, with no
significant adverse responses, such as skin damage or exac-
erbation of local blood circulation abnormalities, observed
in the included studies. Nonetheless, several possible secu-
rity concerns remain to be acknowledged. A study indicated
that lymphatic vessels sustained damaged when subjected
to pressure ranging from 70 to 100 mmHg [47], and elderly
individuals or those with skin disease may exhibit reduced
tolerance to limb pressure. Retrospective investigations
have suggested that sustained pressure should be main-
tained between 60 and 70 mmHg as the upper limit to avert
damage [48]. A study indicated that IPC, when utilized as
a secure supplementary treatment, is appropriate for home
use in patients within the medium—low stress range [49].
Certain specialists concluded that when IPC is the principal
treatment modality, optimal efficacy is achieved by setting
the pressure between 30 and 60 mmHg and the treatment
duration between 30 and 120 min [50].

@ Springer
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Controversial influence of IPC on subjective
symptoms

The analysis of the included studies revealed that the impact
of IPC devices on the alleviation of subjective symptoms in
post-surgical lymphedema patients was controversial. Only
one study indicated that BCRL patients utilizing IPC devices
in conjunction with CDT treatment experienced alleviation
of heaviness and tightness in the afflicted limb [22]. Con-
versely, the remaining four studies yielded negative results
[21, 24-26]. The research identified variations in patient
demographic features, intervention environments, and the
sensitivity of evaluative instruments. Future endeavors must
establish standardized criteria and conduct multicenter stud-
ies to precisely assess the genuine effect of IPC on patients’
subjective symptoms, hence informing enhancements in
patient comfort and adherence.

Limitations

First, language bias may exist as only Chinese and English
studies were included. Second, heterogeneity in IPC pro-
tocols, including differences in pressure settings, session
duration, treatment frequency, and device types, may have
affected the validity of pooled estimates and limited the gen-
eralizability of the findings. Third, most preventive trials
were single-center and small-sample studies conducted in
China, which may limit the external validity and applicabil-
ity of the preventive results to broader populations. Fourth,
subjective symptom assessments lacked standardized tools,
potentially affecting validity. A further limitation is the lack
of blinding in outcome assessment across most included
trials. As blinding is often challenging in rehabilitation
studies, this may have increased detection bias and affected
subjective measures such as limb volume or circumference.
Multicenter RCTs with standardized IPC parameters, diverse
populations, and long-term follow-up are needed to optimize
protocols and confirm efficacy.

Conclusions

This systematic review and meta-analysis evaluated the pre-
ventive and therapeutic effects of intermittent pneumatic
compression (IPC) for breast cancer-related lymphedema.
The findings suggest that IPC provides promising preventive
benefits in reducing the incidence of lymphedema and limb
dysfunction when applied early after breast cancer surgery.
However, its therapeutic efficacy in established lymphedema
remains inconsistent and uncertain, with benefits observed

@ Springer

only under specific conditions (e.g., pressure <40 mmHg,
treatment duration > 2 weeks). Given the methodological
heterogeneity and limited evidence quality, further multi-
center randomized controlled trials with standardized IPC
protocols are required to confirm efficacy and guide clinical
application.

Registration and protocol

This systematic review and meta-analysis was conducted
according to the Preferred Reporting Items for System-
atic Review and Meta-Analysis (PRISMA) guidelines [51].
The study was registered at PROSPERO under the regis-
tration number CRD42025631301.

Supplementary information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00520-025-10159-8.

Authors' contributions Material preparation, data collection and analy-
sis were performed by Liyao Su, Haihong Huang, Yang Tong, Lu
Dong, Chenxuan Gu, Siqi Zhuang, and Shuyao Bai. Liyao Su wrote
the draft of the manuscript, and all authors made substantial analysis
and interpretation of data, drafted and revised the article for important
intellectual content, and have seen and approved the final version of
the manuscript.

Funding This research was not funded.

Data availability No datasets were generated or analysed during the
current study.

Declarations

Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Jordt N, Kjergaard KA, Thomsen RW et al (2023) Breast cancer
and incidence of type 2 diabetes mellitus: a systematic review
and meta-analysis. Breast Cancer Res Treat 202(1):11-22.
https://doi.org/10.1007/s10549-023-07043-6

2. Chen K, Sinelnikov MY, Shchedrina MA et al (2021) Surgical
management of postmastectomy lymphedema and review of the


https://doi.org/10.1007/s00520-025-10159-8
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s10549-023-07043-6

Supportive Care in Cancer

(2025) 33:1113

Page170f18 1113

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

literature. Ann Plast Surg 86(3S Suppl 2):S173-S176. https://
doi.org/10.1097/SAP.0000000000002642

McLaughlin SA, Brunelle CL, Taghian A (2020) Breast cancer-
related lymphedema: risk factors, screening, management, and
the impact of locoregional treatment. J Clin Oncol 38(20):2341-
2350. https://doi.org/10.1200/JC0O.19.02896

Hing JX, Chua YN, Tan PT et al (2024) Defining breast can-
cer-related lymphedema (BCRL) prevalence and risk factors:
a pragmatic approach to lymphedema surveillance. Ann Acad
Med Singapore 53(2):80-89. https://doi.org/10.47102/annals-
acadmedsg.2023264

Siotos C, Arnold SH, Seu M et al (2024) Breast cancer-related
lymphedema: a comprehensive analysis of risk factors. J Surg
Oncol. https://doi.org/10.1002/js0.27841

Fourgeaud C, Vignes S (2024) New insights in breast cancer-
related lymphedema. ] Med Vasc 49(3—4):135-140. https://doi.
org/10.1016/j.jdmv.2024.06.001

Fish ML, Grover R, Schwarz GS (2020) Quality-of-life out-
comes in surgical vs nonsurgical treatment of breast can-
cer-related lymphedema: a systematic review. JAMA Surg
155(6):513-519. https://doi.org/10.1001/jamasurg.2020.0230
Donahue PMC, Mackenzie A, Filipovic A et al (2023) Advances
in the prevention and treatment of breast cancer-related
lymphedema. Breast Cancer Res Treat 200(1):1-14. https://
doi.org/10.1007/s10549-023-06947-7

Lasiski BB, Mckillip Thrift K, Squire D et al (2012) A system-
atic review of the evidence for complete decongestive therapy in
the treatment of lymphedema from 2004 to 2011[J/OL]. PM R
4(8):580-601. https://doi.org/10.1016/j.pmrj.2012.05.003
Franks PJ, Moffatt CJ (2015) Intermittent pneumatic compres-
sion devices in the management of lymphedema. JAMA Dermatol
151(11):1181-1182. https://doi.org/10.1001/jamadermatol.2015.
1974

Ezzo J, Manheimer E, Mcneely ML et al (2015) Manual lym-
phatic drainage for lymphedema following breast cancer treat-
ment. Cochrane Database Syst Rev 2015(5):CD003475. https://
doi.org/10.1002/14651858.CD003475.pub2

Shao Y, Qi K, Zhou QH et al (2014) Intermittent pneumatic com-
pression pump for breast cancer-related lymphedema: a systematic
review and meta-analysis of randomized controlled trials. Oncol
Res Treat 37(4):170-174. https://doi.org/10.1159/000360786
Feldman JL, Stout NL, Wanchai A et al (2012) Intermittent pneu-
matic compression therapy: a systematic review[J]. Lymphology
45(1):13-25

Schwahn-Schreiber C, Breu FX, Rabe E et al (2018) S1-Leitlinie
Intermittierende Pneumatische Kompression (IPK, AIK). Hautarzt
69(8):662—673. https://doi.org/10.1007/s00105-018-4219-1

Yao M, Peng P, Ding X et al (2024) Comparison of intermittent
pneumatic compression pump as adjunct to decongestive lym-
phatic therapy against decongestive therapy alone for upper limb
lymphedema after breast cancer surgery: a systematic review and
meta-analysis. Breast Care 19(3):155-164. https://doi.org/10.
1159/000538940

Wu YP (2015) Efficacy of air wave therapy in preventing upper
limb lymphedema after radical mastectomy. Medical Information
42:105-105 ([In Chinese])

Pan J, Men JF (2016) Effects of gradient pressure therapy on post-
operative limb function recovery and lymphedema in breast cancer
patients. Chin ] Mod Nurs 22(5):677-679, 680. [In Chinese]

Liu PQ, Wu YY, Huang XH et al (2019) Application of air pres-
sure wave therapy in the nursing of upper limb lymphedema
after breast cancer surgery. Chinese Folk Therapy 27(17):82-83.
https://doi.org/10.19621/j.cnki.11-3555/r.2019.1744 [In Chinese]
Cheng Y, Wu DY (2021) Effects of gradient pressure therapy
on lymphedema in breast cancer patients after surgery. Massage

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

Rehabil Med 12(8):57-58. https://doi.org/10.19787/.issn.1008-
1879.2021.08.023 [In Chinese]

Li N (2021) Effects of gradient pressure therapy on limb function
recovery and quality of life in breast cancer patients after sur-
gery. Contemp Nurse 28(6):117-119. https://doi.org/10.19793/j.
cnki.1006-6411.2021.18.044 [In Chinese]

Gurdal SO, Kostanoglu A, Cavdar I et al (2012) Comparison of
intermittent pneumatic compression with manual lymphatic drain-
age for treatment of breast cancer-related lymphedema. Lymphat
Res Biol 10(3):129-135. https://doi.org/10.1089/1rb.2012.0002
Tastaban E, Soyder A, Aydin E et al (2020) Role of intermit-
tent pneumatic compression in the treatment of breast cancer-
related lymphoedema: a randomized controlled trial. Clin Rehabil
34(2):220-228. https://doi.org/10.1177/0269215519888792
Szuba A, Achalu R, Rockson SG (2002) Decongestive lym-
phatic therapy for patients with breast carcinoma-associated
lymphedema. A randomized, prospective study of a role
for adjunctive intermittent pneumatic compression. Cancer
95(11):2260-2267. https://doi.org/10.1002/cncr.10976

Szolnoky G, Lakatos B, Keskeny T et al (2009) Intermittent pneu-
matic compression acts synergistically with manual lymphatic
drainage in complex decongestive physiotherapy for breast cancer
treatment-related lymphedemal[J]. Lymphology 42(4):188—-194
Haghighat S, Lotfi-Tokaldany M, Yunesian M et al (2010) Com-
paring two treatment methods for post mastectomy lymphedema:
Complex decongestive therapy alone and in combination with
intermittent pneumatic compression[J]. Lymphology 43(1):25-33
Uzkeser H, Karatay S, Erdemci B et al (2015) Efficacy of manual
lymphatic drainage and intermittent pneumatic compression pump
use in the treatment of lymphedema after mastectomy: a rand-
omized controlled trial. Breast Cancer 22(3):300-307. https://doi.
org/10.1007/s12282-013-0481-3

Sanal-Toprak C, Ozsoy-Unubol T, Bahar-Ozdemir Y et al (2019)
The efficacy of intermittent pneumatic compression as a substitute
for manual lymphatic drainage in complete decongestive therapy
in the treatment of breast cancer related lymphedema. Lymphol-
ogy 52(2):82-91

Luo Y, Yi Q, Lan Y (2012) Effect of air wave pressure therapy
on lymphedema of the affected limb after breast cancer surgery.
Huaxi Medical Journal 27(1):99-100 ([In Chinese])

He Y (2022) Effectiveness analysis of air wave pressure therapy
for lymphedema of the affected limb after breast cancer surgery.
China Med Device Inf 28(24):71-73. https://doi.org/10.15971/j.
cnki.cmdi.2022.24.022 [In Chinese]

Kedar DJ, Yanko R, Barnea Y et al (2022) Breast cancer-related
lymphedema: incidence and risk factors, preventive measures and
treatments][J. Harefuah 161(2):115-120

Davies C, Levenhagen K, Ryans K et al (2020) Interventions for
breast cancer-related lymphedema: clinical practice guideline
from the academy of oncologic physical therapy of APTA[J/OL].
Phys Ther 100(7):1163-1179. https://doi.org/10.1093/ptj/pzaa087
Qiao J, Yang LN, Kong YH et al (2023) Effect of manual
lymphatic drainage on breast cancer-related postmastectomy
lymphedema: a meta-analysis of randomized controlled trials[J/
OL]. Cancer Nurs 46(2):159-166. https://doi.org/10.1097/NCC.
0000000000001061

Sharifi N, Ahmad S (2024) Breast cancer-related lymphedema: a
critical review on recent progress. Surg Oncol 56:102124. https://
doi.org/10.1016/j.suronc.2024.102124

Zhang X, Tu H, Yin Q et al (2024) Prevention of venous throm-
bosis through intraoperative intermittent pneumatic compres-
sion (IPC): a best practice implementation project. BMC Nurs
23(1):558. https://doi.org/10.1186/s12912-024-02221-3
Greenall R, Davis RE (2020) Intermittent pneumatic compression
for venous thromboembolism prevention: a systematic review on

@ Springer


https://doi.org/10.1097/SAP.0000000000002642
https://doi.org/10.1097/SAP.0000000000002642
https://doi.org/10.1200/JCO.19.02896
https://doi.org/10.47102/annals-acadmedsg.2023264
https://doi.org/10.47102/annals-acadmedsg.2023264
https://doi.org/10.1002/jso.27841
https://doi.org/10.1016/j.jdmv.2024.06.001
https://doi.org/10.1016/j.jdmv.2024.06.001
https://doi.org/10.1001/jamasurg.2020.0230
https://doi.org/10.1007/s10549-023-06947-7
https://doi.org/10.1007/s10549-023-06947-7
https://doi.org/10.1016/j.pmrj.2012.05.003
https://doi.org/10.1001/jamadermatol.2015.1974
https://doi.org/10.1001/jamadermatol.2015.1974
https://doi.org/10.1002/14651858.CD003475.pub2
https://doi.org/10.1002/14651858.CD003475.pub2
https://doi.org/10.1159/000360786
https://doi.org/10.1007/s00105-018-4219-1
https://doi.org/10.1159/000538940
https://doi.org/10.1159/000538940
https://doi.org/10.19621/j.cnki.11-3555/r.2019.1744
https://doi.org/10.19787/j.issn.1008-1879.2021.08.023
https://doi.org/10.19787/j.issn.1008-1879.2021.08.023
https://doi.org/10.19793/j.cnki.1006-6411.2021.18.044
https://doi.org/10.19793/j.cnki.1006-6411.2021.18.044
https://doi.org/10.1089/lrb.2012.0002
https://doi.org/10.1177/0269215519888792
https://doi.org/10.1002/cncr.10976
https://doi.org/10.1007/s12282-013-0481-3
https://doi.org/10.1007/s12282-013-0481-3
https://doi.org/10.15971/j.cnki.cmdi.2022.24.022
https://doi.org/10.15971/j.cnki.cmdi.2022.24.022
https://doi.org/10.1093/ptj/pzaa087
https://doi.org/10.1097/NCC.0000000000001061
https://doi.org/10.1097/NCC.0000000000001061
https://doi.org/10.1016/j.suronc.2024.102124
https://doi.org/10.1016/j.suronc.2024.102124
https://doi.org/10.1186/s12912-024-02221-3

113

Page 18 of 18

Supportive Care in Cancer (2025) 33:1113

36.

37.

38.

39.

40.

41.

42.

43.

factors affecting adherence. BMJ Open 10(9):e037036. https://doi.
org/10.1136/bmjopen-2020-037036

Zaleska M, Olszewski WL, Cakala M et al (2015) Intermittent
pneumatic compression enhances formation of edema tissue fluid
channels in lymphedema of lower limbs[J/OL]. Lymphat Res Biol
13(2):146-153. https://doi.org/10.1089/1rb.2014.0010

Zhang H, Dou Y (2024) Precision nursing and intermittent pneu-
matic compression significantly reduce perioperative deep vein
thrombosis in post-surgical ovarian cancer patients[J/OL]. Am
J Transl Res 16(6):2533-2543. https://doi.org/10.62347/IWUD6
619

Hou S, Li Y, Lu W et al (2024) Efficacy of intermittent pneumatic
compression on breast cancer-related upper limb lymphedema:
a systematic review and meta-analysis in clinical studies. Gland
Surg 13(8):1358-1369. https://doi.org/10.21037/gs-24-123
Kakkos S, Kirkilesis G, Caprini JA et al (2022) Combined inter-
mittent pneumatic leg compression and pharmacological prophy-
laxis for prevention of venous thromboembolism. Cochrane Data-
base Syst Rev 1(1):CD005258. https://doi.org/10.1002/14651858.
CD005258.pub4

Cuzick J (2023) The importance of long-term follow up of partici-
pants in clinical trials[J/OL]. Br J Cancer 128(3):432-438. https://
doi.org/10.1038/s41416-022-02038-4

Pandy SK, Ozmen BB, Morkuzu S et al (2024) Current role of
pneumatic compression therapy in lymphedema care: a scoping
review of persistent debates and new applications[J]. Lymphology
57(3):142-156

Faulkner J, Paine E, Hudson N et al (2025) Effect of using home-
based dynamic intermittent pneumatic compression therapy dur-
ing periods of physical activity on functional and vascular health
outcomes in chronic stroke: a randomized controlled clinical trial.
PLoS One 20(2):¢0318942. https://doi.org/10.1371/journal.pone.
0318942

Von Carlowitz-Ghori K, Bayraktaroglu Z, Waterstraat G et al
(2015) Voluntary control of corticomuscular coherence through
neurofeedback: a proof-of-principle study in healthy subjects.
Neuroscience 290:243-254. https://doi.org/10.1016/j.neuroscien
ce.2015.01.013

@ Springer

45.

46.

47.

48.

49.

50.

51.

. Liu X, Jiang Z (2014) Clinical study on the effect of air wave

pressure therapy combined with rehabilitation exercises on post-
mastectomy limb function recovery. J Inner Mongolia Med Univ
36(S1):40—-42. [In Chinese]. https://doi.org/10.16343/j.cnki.issn.
2095-512x.2014.51.078

Mcneely ML, Campbell K, Ospina M et al (2010) Exercise
interventions for upper-limb dysfunction due to breast cancer
treatment[J/OL]. Cochrane Database of Syst Rev (6):CD005211.
https://doi.org/10.1002/14651858.CD005211.pub2

Olszewski WL, Jain P, Ambujam G et al (2011) Tissue fluid pres-
sure and flow during pneumatic compression in lymphedema of
lower limbs. Lymphat Res Biol 9(2):77-83. https://doi.org/10.
1089/1rb.2009.0025

Eliska O, Eliskova M (1995) Are peripheral lymphatics damaged
by high pressure manual massage? Lymphology 28(1):21-30
Partsh H, Flour M, Smith PC et al (2008) Indications for compres-
sion therapy in venous and lymphatic disease consensus based on
experimental data and scientific evidence. Under the auspices of
the IUP[J]. Int Angiol 27(3):193-219

Chang CJ, Cormier JN (2013) Lymphedema interventions: exer-
cise, surgery, and compression devices[J/OL]. Semin Oncol Nurs
29(1):28-40. https://doi.org/10.1016/j.soncn.2012.11.005

Wang L, Wang H, Wang T et al (2022) Best evidence summary of
air wave pressure therapy for breast cancer-related lymphedema.
Chin J Nurs 57(11):1384-1390 ([In Chinese])

Liberati A, Altman DG, Tetzlaff J et al (2009) The PRISMA
statement for reporting systematic reviews and meta-analyses of
studies that evaluate health care interventions: explanation and
elaboration. PLoS Med 6(7):e1000100. https://doi.org/10.1371/
journal.pmed.1000100

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1136/bmjopen-2020-037036
https://doi.org/10.1136/bmjopen-2020-037036
https://doi.org/10.1089/lrb.2014.0010
https://doi.org/10.62347/IWUD6619
https://doi.org/10.62347/IWUD6619
https://doi.org/10.21037/gs-24-123
https://doi.org/10.1002/14651858.CD005258.pub4
https://doi.org/10.1002/14651858.CD005258.pub4
https://doi.org/10.1038/s41416-022-02038-4
https://doi.org/10.1038/s41416-022-02038-4
https://doi.org/10.1371/journal.pone.0318942
https://doi.org/10.1371/journal.pone.0318942
https://doi.org/10.1016/j.neuroscience.2015.01.013
https://doi.org/10.1016/j.neuroscience.2015.01.013
https://doi.org/10.16343/j.cnki.issn.2095-512x.2014.s1.078
https://doi.org/10.16343/j.cnki.issn.2095-512x.2014.s1.078
https://doi.org/10.1002/14651858.CD005211.pub2
https://doi.org/10.1089/lrb.2009.0025
https://doi.org/10.1089/lrb.2009.0025
https://doi.org/10.1016/j.soncn.2012.11.005
https://doi.org/10.1371/journal.pmed.1000100
https://doi.org/10.1371/journal.pmed.1000100

	Intermittent pneumatic compression devices for the prevention and treatment of breast cancer-related lymphedema—a systematic review and meta-analysis
	Abstract
	Aims 
	Methods 
	Results 
	Conclusion 
	Trial registration 

	Introduction
	Methods
	Search strategy
	Eligibility criteria
	Selection procedure
	Data acquisition
	Quality evaluation for bias risk
	Data analysis

	Results
	Selection of studies
	Participants
	Results of the study bias risk assessment were included
	Therapeutic efficacy of IPC on BCRL
	Effect on limb volume
	Effect on limb circumference
	Effect on subjective symptoms
	Influence on therapeutic efficacy
	Analysis of the sensitivity of IPC therapy on the effects of BCRL
	Analysis of bias in IPC treatment on BCRL outcomes

	IPC’s preventive effect on BCRL
	Prevalence of lymphedema
	Effect on limb function
	Sensitivity analysis of IPC treatment intervention in BCRL
	Analysis of bias in IPC treatment intervention for BCRL


	Discussion
	Incidence of BCRL and the significance of physical therapy and IPC
	Preventive efficacy and ideal duration of IPC
	Comparative efficacy of IPC in treatment of BCRL
	The extension function of the affected limb
	The volume and circumstance of the affected limb

	Safety profile and pressure optimization
	Controversial influence of IPC on subjective symptoms

	Limitations
	Conclusions
	Registration and protocol
	References


