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ABSTRACT 

Access to trained lymphedema care pro-
viders remains limited making patient-driven 
management solutions essential. One such 
option, sequential intermittent pneumatic com-
pression (IPC), has gained traction as a sup-
portive tool for lymphedema management. 
While newer IPC devices and innovative appli-
cations are being introduced to the market, 
questions regarding the safety and efficacy of 
this technology persist. This underscores the 
importance of reviewing current literature to 
understand IPC’s evolving role in lymphedema 
care and to identify existing knowledge gaps. A 
scoping review of literature was conducted 
across various databases using PRISMA-ScR 
guidelines. The eligibility criteria included 
articles published in English language from 
database’s inception to June 2023, discussing 
IPC’s safety, and/or efficacy, and/or optimal 
modes and settings for lymphedema manage-
ment. Review articles and case reports and 
original studies with unclear outcome mea-
sures were excluded. The review identified 49 
eligible studies from an initial pool of 614 
articles, consisting of 12 randomized controlled 
trials, 25 cohort studies, and 12 experimental 
studies. Most studies (44) focused on limb 
lymphedema, while five examined non-limb 
regions. Sample sizes varied widely, ranging 
from 10 to 718 participants, reflecting differ-
ences in studies’ power. Minor adverse events 

were reported in six studies, including transient 
skin irritation, paresthesia, and rare cases of 
genital edema. Efficacy data indicated that 
IPC, whether used with or without manual 
lymphatic drainage (MLD), improved limb 
volume, quality of life, and reduced infection 
rates, although results varied according to 
treatment protocols and limb type. The addi-
tion of IPC improved compliance of decon-
gestive therapy and increased patient satisfac-
tion. IPC sessions ranged from 45 to 120 
minutes per day, conducted 3 to 7 days per 
week, with pressures set at 60 to 120 mmHg for 
lower limbs and 25 to 60 mmHg for upper 
limbs. Higher pressures were associated with 
more significant limb volume reduction in the 
lower limbs. A cost analysis indicated that IPC 
could potentially lead to healthcare savings by 
reducing infections and hospital admissions. 
IPC application also showed promising results 
in head and neck lymphedema, though results 
for trunk lymphedema were equivocal. Future 
research should aim to refine IPC protocols in 
different regions of the body and ascertain its 
long-term benefits. 

Keywords: Intermittent Pneumatic Compres-
sion, Lymphedema, Best Practices, Safety, 
Review 

Lymphedema is characterized by chronic 
accumulation of lymphatic fluid, fat, and 
fibrosis which presents a complex therapeutic 
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challenge. Complete decongestive therapy 
(CDT), encompassing manual lymphatic 
drainage (MLD), compression, exercise, and 
skin care, remains the cornerstone of conser-
vative management. Although there have been 
significant advancements in lymphatic sur-
gery, elevating the goals of modern lymphede-
ma management, access to these specialized 
surgical interventions, as well as to trained 
lymphedema therapists remains limited. This 
dual constraint necessitates patient-driven 
self-management.  Intermittent pneumatic 
compression (IPC) pump has emerged as a 
viable at-home supplement to traditional 
lymphedema treatments, empowering patients 
with greater control over their condition (1). 
The market offers a variety of IPC devices, 
each differing in sleeve and pump design, con-
figuration, programmability, chamber count, 
inflation/deflation cycles, maximum pressure, 
and pressure gradient. The advent of new 
compression modes, such as those mimicking 
MLD, further complicates the landscape. 
Recently, IPC usage has expanded to include 
other body areas, such as the head and neck, 
highlighting the need for comprehensive 
review. Recent innovations have further ex-
panded IPC capabilities, including applica-
tions for non-limb areas such as the head and 
neck and introduction of new compression 
modes. While previous reviews have explored 
IPC effectiveness, they haven't addressed the 
recent advancements. Also, experimental 
studies using imaging to optimize compression 
settings have not been reviewed (2-5). This 
literature review aims to fill these gaps by 
synthesizing current evidence on IPC usage in 
lymphedema management and identifying 
areas requiring further research. 

METHODS 

Search Strategy and Information Sources 

We conducted a scoping literature review 
following PRISMA-ScR guidelines utilizing 
Ovid MEDLINE, PubMed, EMBASE, and the 
Cochrane Library databases covering the 
period from their inception to June 2023 (6). 
The search was limited to articles published in 

English language. Keywords and MeSH terms 
included "intermittent pneumatic compres-
sion", OR "compression therapy", OR "com-
pression pumps", OR "sequential compression" 
AND “lymphedema” OR “lymphatic flow”. 
Cross references of the selected articles were 
screened for any relevant articles and included 
in the search results.  

Eligibility Criteria 

Inclusion criteria included studies evalu-
ating safety and/or efficacy and/or optimal 
machine settings of IPC in lymphedema pa-
tients. Eligible studies encompassed both 
pediatric and adult patients with lymphedema 
affecting the extremities, trunk, or head/neck. 
Primary outcomes of interest were imaging 
findings, changes in limb volume or circumfer-
ence, patient-reported outcomes, quality of life 
assessments, and adverse events. Case reports, 
literature reviews, and studies with unclear 
outcome measures were excluded. Also, 
studies focusing on non-lymphedema patients, 
or animal studies, were eliminated.  

Study Selection and Data Extraction 

Four independent reviewers conducted a 
screening process of titles, abstracts, and full 
texts using a web-based tool, Covidence 
(Melbourne, Australia).  Studies that met the 
eligibility criteria were identified individually 
and any discrepancies were resolved through 
consensus. Data extraction was carried out 
using a standardized form generated in 
Covidence, capturing information on study 
design, study aim, cohort characteristics, 
sample size, lymphedema etiology, affected 
regions, outcome measures, treatment pro-
tocols, IPC device specifications, duration of 
study, and key findings. 

Synthesis of Results 

We categorized the outcomes into 
following domains – safety, efficacy, optimal 
device settings, and cost effectiveness. The 
efficacy results were subcategorized based on 
evaluation methodology, the treated region, 
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Fig. 1. PRISMA diagram detailing study flow from initial manuscripts to final 49 utilized for the scoping review. 
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and any special situations. Evidence for sus-
tainability of effects, variations based on the 
affected limb, and efficacy of new compression 
modes were also reviewed.  

RESULTS 

Study Characteristics 

The search yielded 614 articles, of which 
49 studies satisfied eligibility criteria (Fig. 1).  
Table 1  (larger version in supplementary
materials) presents the characteristics of the 
included studies. These encompassed 12 
randomized controlled trials, 18 observational 
studies, 7 case series and 12 experimental 
studies. Forty-four articles focused on lymph-
edema in the limbs, while five studies explored 
non-limb regions, including the head, neck, 
and trunk. The sample sizes in the studies 
varied significantly, ranging from 10 to 718 
patients, reflecting the diversity in the power 
of the studies. The findings of the studies are 
presented below. 

Safety 

IPC is contraindicated in patients with 
underlying peripheral arterial disease, active 
deep venous thrombosis, active infections, 
and/or evidence of cancer recurrence (2). 
There is lack of consensus on the safety of IPC 
in patients with cardiac failure where the 
severity of cardiac dysfunction should be 
considered to weigh the risks and benefits. 
Vigilant monitoring is essential to circumvent 
potential cardiac decompensation in patients 
with severe disease as a result of augmented 
venous return (7). 

We screened all selected studies for 
report on adverse events associated with IPC 
use in patients with lymphedema.  Only six 
studies provided information on adverse 
events in their study population (1,8-12). In 
these studies, minimal effects like transient 
skin irritation, paresthesia, mild pain (25% 
patients), muscle cramps, and limb erythema 
were noted. Patient discomfort attributable to 
IPC was ameliorated by modulation of the 
applied pressures (9). Rare events included 
headache, nausea, and dizziness (10). One 

particular study highlighted a significant dis-
parity in genital edema incidence, registering 
a 43% occurrence with IPC intervention as 
opposed to a 3% occurrence without IPC (12). 
The duration for which the genital edema 
lasted was not delineated in the study. No 
other study reported increase in genitalia 
swelling although mild groin and knee swell-
ing was reported in another study which was 
transient and could be mitigated by additional 
groin compression (13). In aggregate, the 
studies under review did not report any major 
complications ensuing from IPC treatment. 

Efficacy 

Total 37 studies examined the efficacy of 
IPC using various strategies. The efficacy of 
IPC in limb lymphedema was assessed in com-
parison to manual lymphatic drainage (MLD), 
as an adjunct to MLD, or as a standalone 
treatment (no MLD). All studies examining 
the absolute benefit of IPC as a standalone 
therapy allowed patients to continue using 
compression garments by default, hence was 
not in effect a solitary management tool. The 
most common outcome measure used for 
determining efficacy was limb circumference 
or volume change. Patient-reported outcomes, 
such as change in symptoms, range of motion, 
quality of life, reduction in cellulitis episodes, 
and hospital admission rates was utilized by 
several studies (Table 1). Six experimental 
studies used imaging techniques including 
ICG lymphography or lymphoscintigraphy to 
objectively study the immediate effects of 
pneumatic compression on lymphatic flow 
after a single treatment session (14-18). The 
only prospective clinical study that utilized 
imaging was conducted in head and neck 
lymphedema cohort, using ICG lymphogra-
phy before and after two-weeks of IPC 
therapy (19).  

IPC 

Eight studies evaluated IPC as a stand-
alone therapy (without MLD but with com-
pression garments) for primarily lower limb (7 
studies, primary and acquired disease) or
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upper limb (1 study, acquired disease) lymph-
edema on a sample size ranging from 12 to 
1065 patients (1,10,13,20-24). The treatment 
sessions varied from 45 minutes to 1 hour/day 
for 5-7 days a week and patients continued to 
use compression garments in between sessions. 
Peak IPC pressures used were 80 to 120 mm 
Hg in lower limbs and 60 mm Hg in the upper 
limb. In one study, 74 patients experienced sig-
nificant reductions in ankle and calf circum-
ference, a decrease in cellulitis rates from 32% 
to 12%, and enhanced quality of life scores 
after 12 weeks of daily 1-hour IPC sessions, 
with the benefits sustained at 1 year (20). After 
at least 3 months of IPC treatment all patients 
experienced symptoms improvement and 54% 
experiencing substantial quality of life en-
hancements and significant reductions in limb 
girth and infection episodes (21). 

Prolonged use of IPC (more than 8 
weeks) was associated with improved quality 
of life, limb volume reduction, and enhanced 
limb function in two other studies (1,21).
Improved tissue elasticity besides significant 
reductions in limb circumference was observed 
in 18 patients with lower limb lymphedema 
over a three-year period (13). Improved skin 
fibrosis and reduced limb pain and was 
reported in majority of the participants with 
lower extremity lymphedema in another study, 
although only a third of the patients showed 
>10% volume reduction (10).

The only study that exclusively studied 
utility of IPC without MLD in upper limbs 
randomized the postmastectomy arm lymph-
edema patients into study and control groups 
but used shorter treatment period. After two 
cycles of 2 hours per day of 2 weeks treatment, 
the mean volume change was significantly 
more in the IPC group (p=0.009) compared to 
the control (p=0.3), although no difference in 
the number of patients who achieved > 20% 
reduction was observed (22-25). 

These studies collectively indicate that 
IPC when used over several weeks can be 
effective as a standalone therapy for managing 
lower extremity lymphedema. However, the 
undisclosed variation in the duration and 
strength of the compression garments is a 
potential confounder. While volume reduction 

was frequently noted as significant, only a few 
studies reported precise percentage reductions. 
Additionally, the lack of a control group in 
most of the above studies limits the interpreta-
tion of results. Due to paucity of studies, effec-
tiveness of IPC alone for managing arms 
lymphedema cannot be determined.  

IPC vs MLD 

In the comparative analysis between IPC 
and MLD, four studies examined treatments 
for upper (3 studies) or both upper and lower 
limbs (1 study) (26-29). The duration of IPC 
treatments ranged from 30 minutes to 2 hours 
for 3 -5 days a week, using compression pres-
sures of 25 mm Hg to 80 mm Hg. These inves-
tigations reported that IPC and MLD resulted 
in similar decreases in limb volume as well as 
improvement in pain levels, range of motion, 
and patient-reported symptoms over the study 
period of 2-6 weeks in 28 to 182 subjects (27). 
Volume reduction was  more pronounced in 
the lower limbs as compared to arms using 
either therapy. Self-lymphatic drainage was 
permitted along with IPC in one study making 
the findings less reliable (27). Overall, the 
results of rest of the included studies indicated 
that both treatment approaches yielded 
comparable outcomes in terms of volume 
reduction and symptomatic relief, although 
the time and cost consumption for MLD was 
higher and compliance was lower (28).  

IPC and MLD vs. MLD 

Seven prospective studies examined IPC 
as an adjunct to MLD, of which six studies 
focused on arms lymphedema and only one 
studied lower limbs. In the context of lower 
extremity lymphedema, two studies indicated 
that combining high-pressure IPC (120 mm 
Hg) with MLD led to greater reductions in 
limb volume compared to MLD alone (30,31). 
Furthermore, incorporation of IPC into CDT 
was associated with improved compliance and 
significantly lower rates of infection (16.9% vs 
29.2%), hospital admissions (13.6% vs 29.2%), 
and fewer physical therapy sessions over 18 
months among 62 patients (30). In contrast, 
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six studies investigating upper extremity 
lymphedema produced variable results (31-
36). Two studies found that combining MLD + 
IPC at 40-60 mmHg pressure for 30-60 min-
utes daily for 2 to 52 weeks, resulted in superi-
or volume reduction and/or limb function 
improvement compared to MLD without IPC 
(32,33). However, the remaining four studies 
did not observe significant benefits which 
could be related to lower pressure levels (30-40 
mmHg), shorter treatment durations (30 
minutes), or limited sample size in these 
studies (31,34-36). 

IPC as an adjunct to Surgical Treatment 

One study investigated the perioperative 
application of IPC to improve outcomes of 
lymphatic surgery (37). The study involved 15 
patients undergoing lymphaticovenular anas-
tomosis, during which the use of IPC enhanced 
the visualization of lymphatic vessels intraop-
eratively. The IPC was continued postopera-
tively to promote flow through the anastomo-
ses. When used prior to excisional lymphatic 
surgeries, authors observed a decrease in 
wound complications and a reduction in post-
operative pain. These findings suggest the 
potential of utilizing IPC for improving lym-
phatic surgery outcomes and further research 
may be steered in this direction.  

Application in Head and Neck 

Four studies evaluated use of IPC for 
management of head and neck lymphedema 
(19,38-40). Mayrovitz et al reported high levels 
of patient satisfaction and notable reductions 
in facial and neck lymphedema following a 
single session of IPC lasting 32 minutes (38). 
Gutierrez et al documented a decrease in der-
mal backflow as shown by indocyanine green 
lymphography in 6 out of 8 patients, following 
two weeks of daily treatment sessions of the 
same duration (39,41). Ridner et al and 
Rasmussen et al further corroborated these 
outcomes, with patients reporting swelling 
reduction, improved symptoms and enhanced 
quality of life following 2 to 3 months of daily 
IPC application (19,40). 

Application in Trunk and Chest 

Only one study was found that specifi-
cally evaluated role of IPC in managing trunk 
lymphedema. All 12 patients reported im-
proved symptoms but there was no significant 
reduction in the trunk volume after 10 days of 
1-hour daily IPC treatment (42).

Factors Influencing the Effectiveness of IPC 
Treatment 

In a cohort of 56 patients, Forner-Cordero 
et al found that similar to other decongestive 
therapies, lower limb lymphedema and less 
advanced disease showed more notable im-
provements with IPC as compared to upper 
limbs and advanced lymphedema (28). Con-
versely, in a larger cohort of 208 patients, 
Muluk et al did not find an inverse relation-
ship between disease severity and volume 
reduction (10). This conflicting evidence 
regarding the correlation between disease 
severity and response to IPC mirrors findings 
reported for CDT (43,44). High BMI, which 
has been linked to poorer responses to CDT, 
has yet to be thoroughly evaluated for its 
impact on IPC outcomes. 

Durability of Treatment Results 

Sixteen studies investigated the longevity 
of results post IPC treatment, with follow-up 
periods extending up to one year. It was gener-
ally noted that volume reductions achieved 
with IPC require ongoing use of compression 
garments. The outcomes tend to diminish once 
IPC is discontinued (11,45). For example, 
Johansson et al reported a 31% reduction in 
lower limb volume at the conclusion of the 
IPC treatment period, which declined to a 
25% reduction after one month of stopping the 
treatment (26). These findings are similar to 
other decongestive therapies and underscore 
the importance of continued self-care with 
IPC for maintaining lymphedema reduction 
(11,26,32,46). 

Machine Settings 
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Pressure Setting for Lower Extremity 

In their investigation to determine ade-
quate compression, Olszewski et al and 
Zaleska et al conducted tissue pressure mea-
surements during IPC treatments (13,47-52). 
Effective therapeutic subcutaneous pressures 
greater than 40 mmHg and improved proxi-
mal fluid movement on lymphoscintigraphy 
were achieved with IPC machine pressures of 
80–120 mmHg for durations exceeding 60 
seconds (11,16). The authors concluded that 
higher interface pressure is necessary as the 
severity of lymphedema increases due to 
greater tissue stiffness (48,50). Furthermore, 
using a combination of ICG lymphography 
and tissue pressure measurements, Zaleska et 
al found that IPC pressures below 80 mmHg 
were insufficient for lymph clearance in 
advanced stages of the disease. Supporting 
these findings, Taradaj et al demonstrated in a 
clinical study that limb volume reduction in 
patients treated with IPC at 60 mmHg did not 
statistically differ from the no-IPC group but 
was significantly less than in the group treated 
with higher pressure (120 mmHg) (31). 

Pressure Setting for Upper Extremity 

Bok et al conducted a comparison of IPC 
pressures of 25, 35, and 45 mmHg in a cohort 
of 40 patients (53). Utilizing ultrasound and 
acoustic radiation force impulse imaging, they 
assessed change in tissue thickness and stiff-
ness with IPC. The findings indicated that the 
35-mmHg pressure setting was optimal, as it
provided significant volume reduction while
maintaining a balance between patient com-
fort and treatment efficacy.

Compression Cycle 

Most current IPC machines are designed 
so that the distal chamber remains inflated 
while the other chambers sequentially inflate 
and deflate during the compression cycle (50). 
Zaleska found that to generate effective tissue 
pressures for lymphatic outflow, high-pressure 
cuffs should remain inflated for more than 50 
seconds (50). Additionally, Pilch et al studied 

the effects of different inflation/deflation 
cycles (60/60 seconds versus 90/30 seconds) in 
a cohort of 81 patients and found no signifi-
cant differences in outcomes between the two 
settings (54). One study evaluated the benefit 
of MLD mimicking truncal compression prior 
to limb compression as compared limb pneu-
matic compression alone and did not find 
significant difference in the outcomes (55). 

Treatment Duration 

The treatment periods used in the pub-
lished studies have ranged from 30 mins to 2 
hours per day for 3 to 7 days per week. Keeley 
et al randomized 21 patients to receive 1 hour 
of IPC once daily, twice daily, or 2 hours twice 
daily over a span of 5 days (56). The study 
concluded that extending IPC beyond 1 hour 
daily does not yield additional reduction in 
limb volume or tissue extracellular fluid per-
centage. 

Cost Effectiveness 

The economic impact of IPC was ex-
plored in six studies. Lerman et al bench-
marked IPC against other compression thera-
pies in a group of 138 patients, identifying 
significant cost savings over 18 months attrib-
uted to fewer complications and hospital stays 
(57). IPC users experienced a reduction of 
66% in emergency department visits and 69% 
in hospitalizations. Desai et al reported 
substantial savings, amounting to $3,200 per 
patient annually (23). Meanwhile, Karaca-
Mandic et al presented IPC as a cost-effective 
solution when considering quality-adjusted life 
years, with an incremental cost-effectiveness 
of $1,400 (58). The amount of cost-benefit of 
IPC devices varied depending on device 
pricing and the extent of insurance coverage. 

DISCUSSION 

The evolution of Intermittent Pneumatic 
Compression (IPC) technology provides a 
therapeutic opportunity for personalized, pa-
tient-centered care. As lymphedema remains a 
chronic, often debilitating condition, the 
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diversification of IPC devices – with their 
varied pressure settings, sleeve designs, and 
compression modes – reflects a broader trend 
of tailoring treatment to individual patient 
needs. Our review illuminates the complex 
landscape of IPC, where the multitude of 
device configurations and operational param-
eters mirrors the heterogeneity of lymphede-
ma presentations and patient experiences. 
Despite the availability of numerous studies, 
lack of standardized protocols and conflicting 
evidence continues to obscure the optimal 
application of IPC, necessitating further 
research to unify these disparate threads into 
a coherent clinical strategy. 

It is important to note that although 
many studies compared outcomes of IPC with 
reference to MLD, the efficacy of MLD as part 
of CDT itself has remained questionable (59). 
Central to the value of IPC is its capacity to 
empower patients, offering a semblance of 
control over their condition. This autonomy is 
especially critical given the limitations in 
access to specialized lymphedema services and 
trained therapists. The convenience and 
adaptability of IPC facilitate consistent self-
management, potentially enhancing adherence 
to therapeutic regimens and improving long-
term outcomes.  

The efficacy of IPC, however, is not 
universally consistent across different patient 
populations and lymphedema manifestations. 
Our review suggests a greater benefit in lower 
extremity lymphedema, possibly due to 
greater struggle for patients to mobilize the 
lymphedema fluid against gravity in this 
region. The nuanced interplay between IPC 
treatment parameters and patient-specific 
factors – such as disease severity, and body 
mass index – highlights the importance of 
individualized treatment protocols. The opti-
mal IPC settings, notably pressure and dura-
tion, should be tailored based on comprehen-
sive assessments including imaging studies 
and tissue pressure measurements, to 
maximize therapeutic efficacy and patient 
comfort. An interesting trend shows that 
recommended pressure settings have 
decreased over time, with European studies 
typically using higher pressures than U.S. 

studies – possibly because of difference in the 
disease severity. The presence of lipodystrophy 
and fibrosis would require higher pressure 
settings for efficacy, which although would 
increase patient discomfort and reduce com-
pliance.  While there are several studies 
evaluating pressure settings for leg lymphede-
ma (which generally recommend high pres-
sure), there is limited research on optimal 
pressure settings for arm lymphedema. 

From a mechanistic perspective, IPC acts 
on both lymphatic and interstitial fluid dy-
namics, yet the relative contributions of these 
pathways remain poorly understood (15,48). 
Imaging studies during IPC sessions have 
shown enhanced lymphatic propulsion, sug-
gesting a direct effect on the lymphatic sys-
tem. However, the long-term implications of 
these acute changes, particularly regarding the 
sustainability of lymphatic function improve-
ment, are yet to be fully explored. This gap 
underscores the need for longitudinal research 
to elucidate the mechanisms underlying IPC's 
therapeutic benefits and to define its role 
within the broader spectrum of lymphedema 
management strategies. 

The application of IPC extends beyond 
routine outpatient care, showing potential in 
perioperative settings to enhance surgical 
outcomes in lymphedema treatment. Prelimi-
nary evidence indicates that IPC can improve 
lymphatic vessel visualization during surgery, 
reduce postoperative complications, and facili-
tate quicker recovery. Additionally, emerging 
studies highlight the utility of IPC in man-
aging truncal and head/neck lymphedema, 
areas that have historically received less atten-
tion in lymphedema research. These findings 
point to a promising avenue for expanding 
IPC's clinical utility, warranting more compre-
hensive investigations to validate these initial 
observations and refine treatment protocols. 

CONCLUSION 

IPC emerges as a safe and economical 
option for management of extremities’ lymph-
edema, aligning well with patient-led care 
approaches. Future research should aim to 
refine IPC protocols and ascertain its long-
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term benefits and its integration into contem-
porary lymphedema treatment regimes. 
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