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Abstract

Background: Recent advances in technology have allowed intermittent pneumatic compression (IPC) devices
to develop so that their function mimics the process and principles of manual lymphatic drainage (MLD);
however, research into the effectiveness of such devices is lacking. This study aimed to investigate the
effectiveness of a patented IPC technique designed to mimic MLD (the LymphAssist), compared with a typical
sequential IPC regimen.

Methods and Results: Forty patients with a confirmed diagnosis of lower limb ISL (International Society of
Lymphology) stage II or III lymphedema were recruited into this three-phased study. A bilateral leg volume
assessment and quality-of-life assessment were completed at four clinic visits across the course of the study.
The LymphAssist IPC regimen was significantly more effective in reducing distal leg volume than the se-
quential mode (mean volume reduction: 230+ 135 mL vs. 140+ 84 mL, respectively, p=0.01). Improvements in
leg volume were transient as both groups demonstrated a rebound or increase in volume during the washout
period (LymphAssist: 238 = 168 mL, sequential: 276 = 158 mL, p=0.3). Overall, IPC was effective in improving
quality-of-life scores (mean reduction: 1011, p<0.001).

Conclusion: 1PC is effective in reducing limb volume and improving quality of life for patients with lower limb
lymphedema. IPC that mimics the MLD process has been shown to be more effective in reducing leg volume
compared with traditional sequential IPC in the distal aspect of the leg. The increase in leg volume observed
after discontinuation of IPC suggests that regular treatment is required to maintain its associated effects.
Clinical Trial Registration Number: NTC 03856281.
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Introduction

DECONGESTIVE LYMPHATIC THERAPY (DLT) is well es-
tablished as the gold standard treatment for lymphedema.
While the individual components (compression, manual lym-
phatic drainage [MLD], exercise, and skin care) of DLT remain
at the forefront of patients’ treatment plans, adaptations to these
plans are becoming more popular and include adjunctive inter-
ventions such as intermittent pneumatic compression (IPC) that
can be incorporated into patient self-management regimens.

IPC is a simple therapy where garments consisting of
pneumatic cuffs are connected to a pump and applied to the
limb. Typically, the simplistic technology of IPC is effective
as it mimics the intermittent compression of lower limb
vasculature that contracts while walking, thus ascending fluid
up the limb during its application in lymphedema. IPC
technology has evolved from single chamber garments in the
1950s to multichamber garments and advanced pumps that
provide sequential or peristaltic compression in an ascending
pattern up the limb, varying in timing cycles and pressure
amounts, ranging from low-pressure slow-inflation to high-
pressure rapid-inflation devices.*?

The value of IPC has been reinforced with the majority of
publications evaluating the efficacy of IPC in breast cancer-
related lymphedema.*® Improvements were seen in limb
volume and physical and emotional status (n=324), using
water displacement and circumferential measurements to re-
cord objective changes. Treatment duration ranged from 10
days to 12 weeks, with a significant reduction in limb volume
found in each study (ranging from —5.8% to —45.3%).

An evidence base for lower limb lymphedema is limited by
a scarcity of randomized trials and published data. However,
the short-term effects of IPC have been investigated by
Modaghegh and Soltani® and were proven to be beneficial
after 43 hospitalized patients received sequential IPC for 8
hours a day over 48 hours (total treatment time 16 hours).
Treatment pressures were prescribed at 80-120 mmHg,
which resulted in a mean edema reduction of 75%.

Furthermore, Taradaj et al. recruited 81 patients who were
randomized into three treatment groups and treated using
multilayered bandaging and MLD. Treatment was prescribed
once a day, three times a week, for a total of 4 weeks. Patients
in group A (treatment pressure: 120 mmHg) and group B
(treatment pressure: 60 mmHg) also received sequential IPC
before bandaging and MLD for 45 minutes, and those in
group C received bandaging and MLD alone. Patients in
group A displayed the biggest limb volume reduction of
38.45%, group B had a reduction of 13.12%, and finally,
group C had a reduction of 11.89% (p <0.01).

Technological advances in recent years have led to the
development of IPC devices that incorporate complex com-
pression regimens that have been designed to mimic the
process and principles of MLD. Such regimens incorporate
multichamber garments, which inflate and deflate in various
patterns and pressures and apply compression in a proximal
to distal cycle.'® However, there are few studies to support
the efficacy of such regimens.”"!

The primary aim of this study was to compare the effec-
tiveness of the LymphAssist IPC regimen, a technique de-
signed to mimic the MLD process, against a sequential IPC
regimen using the Hydroven 12 (Huntleigh Healthcare,
United Kingdom) in reducing leg volume.
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Methods
Design and ethics

A participant-blinded, randomized controlled trial (RCT),
which incorporated three 5-week phases (Fig. 1), was de-
signed to build on an earlier feasibility study, which utilized
IPC delivered by the LymphAssist compared with a control
group.'? Ethical approval for this study was obtained from
the appropriate local National Health Service Research Eth-
ics Committee (LREC No. 18/WA/0114) and registered with
ClinicalTrials.gov.

Participants

Participants (n=40) with primary (n=1) or secondary
(n=39) lymphedema were recruited from two outpatient
lymphedema clinics in the South East Wales area.'? All
participants had a confirmed diagnosis of stage II or III lower
limb lymphedema as defined by the International Society of
Lymphology; 33 participants had bilateral lower limb disease
and 7 had unilateral."> All participants provided written in-
formed consent. The pragmatic design of the study meant that
standard care for each participant could have varied in terms of
compression garments, exercise, and skin care.

Compression regimen

The Hydroven 12 professional system comprises a pump
and a multichamber garment capable of delivering three
types of treatment options ranging from a pressure of 15 to
120 mmHg for 35 minutes. For this study, pressures of
40 mmHg were used, and two regimens were selected and
locked into the device: either the LymphAssist cycle—
designed to mimic MLD or sequential IPC.

Intervention

Participants were randomized using block randomization
and were blinded to which regimen they would receive.'*
Participants then received a 12-chamber leg garment plus ei-
ther a Hydroven device locked into the LymphAssist cycle or a
Hydroven device locked in to apply graduated sequential
compression. The participants were instructed to use the de-
vice twice daily at a pressure of 40 mmHg at home, alongside
their standard lymphedema treatment for 5 weeks.

Outcome measures

The primary outcome evaluated during each phase at each
clinic visit was leg volume. A bilateral limb assessment was
undertaken, which included leg volume measurement using a
circumferential tape measure method; a nonstretch tape mea-
sure (Medi, Germany) was used to measure leg circumference
at 40 mm intervals from the top of the malleolus to a significant
clinical end point that was taken from the patient’s medical
notes. The leg circumference measures were used to calculate
the volume of the 40 mm leg segments using simple software
(LymCalc V 4.0, United Kingdom) where leg volumes are
calculated by adding together segments.'>'> Volume data
derived from circumferential measurements were analyzed
according to the aspect of the leg, namely:

e The distal aspect—from ankle to knee
¢ The proximal aspect—from knee to thigh
* Full leg—distal+proximal
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FIG. 1. Consort flow diagram/study design.

Secondary outcomes also included a quality-of-life as- 10 to evaluative 28 questions about impairments in function,
sessment using a condition-specific tool, the Lymphedema activity limitations, and participation restrictions in patients
Functioning, Disability, and Health Questionnaire for Lower  with lower limb lymphedema.

Limb Lymphedema (The Lymph-ICF-LL)'® by comparing The questionnaire has five domains: physical function,
scores across the study period. The Lymph-ICF-LL is a mental function, general tasks/household activities, mobility
validated questionnaire, which uses analogue scales from Oto  activities, and life domains/social life. The total score was
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calculated as follows: (sum of scores on questions/total
number of answered questions) X 10. In the same way, a score
was determined for each of the five domains. The total score
and the domain scores ranged from 0 to 100, a higher score
denotes a poorer quality of life.'®

Statistical analysis

Comparison of means and correlation between the groups
were performed using computer software (IBM SPSS, ver-
sion 22; New York, and Sigmaplot, Version 14; Sysstat,
United Kingdom). Analysis of variance was used to test for
significance between and within groups. Statistical signifi-
cance was set at p<0.05. Categorical data were analyzed
using Pearson’s chi-squared test.

Results
Baseline characteristics and those lost to follow-up

From July 10, 2018, to July 9, 2019, 49 participants were
recruited into the study; 9 participants were lost to follow-up
before the intervention period. There were no significant dif-
ferences between the study population and those who were lost to
follow-up, expect for gender ratio (Table 1). Demographics of
the completed study population had a mean age of 59+ 11 years
(range 4477 years), mean weight 100+ 29 kg, mean body mass
index of 3518, and the percentage ratio of female to male par-
ticipants was 80:20 (n=32:8). There were no significant differ-
ences between the intervention groups at baseline (Table 2).

The LymphAssist cycle

Participants in the LymphAssist group exhibited no sig-
nificant volume changes in any aspect of the leg following
standard lymphedema treatment only (the control period)
(Fig. 2). However, significant decreases in volume were ob-
served following the addition of IPC (during the intervention
period): in the distal aspect, a loss of 230x135mL
(p<0.001), 124+ 118 mL in the proximal leg (p<0.001),
and a total loss of 357+ 167 mL overall (p <0.001). In phase
3, at the end of the washout period, there was a significant
rebound in fluid increasing by 130+ 117 mL in the distal limb
(p<0.001), 100+ 105 mL in the proximal limb (p <0.001),
and 238 + 168 mL overall (p <0.001).

TABLE 1. POPULATION DEMOGRAPHICS AT BASELINE
OF THOSE WHO COMPLETED THE STUDY COMPARED
WITH THOSE WHO WERE LosT TO FoLLow-Up

Completed  Lost to follow-up

(n=40) (n=10) p
Age, years 59+11 61+13 0.7
Gender, F:M, %  80:20 (32:8) 44:56 (4:5) 0.04
Weight, kg 10029 97126 0.9
Height, cm 16710 1689 0.4
BMI 358 33+10 0.2
Stage ILIII, % 93:7 (37:3) 100:0 (9:0) 0.6

BMI, body mass index; F, female; M, male.

517

TABLE 2. POPULATION DEMOGRAPHICS AT BASELINE
ACCORDING TO THE INTERVENTION GROUP

Sequential
LymphAssist IPC

(n=20) (n=20) p
Age, years 6110 6010 0.6
Gender, F:-M, % 74:26 (15:5) 85:15 (17:3) 0.4
Weight, kg 104£31 97+27 0.3
Height, cm 16712 16619 0.3
BMI 3619 3417 0.4
Stage ILIII, % 80:20 (19:1) 85:15 (17:3) 0.08
Affected lymphedema 89721+2997 8692+2710 0.6

volume, mL

IPC, intermittent pneumatic compression.

Sequential IPC

As with the LymphAssist group, participants in the se-
quential IPC group also exhibited no significant changes in
any aspect of the leg volume during the control period
(Fig. 3). Significant decreases in volume were observed fol-
lowing the addition of IPC: in the distal limb of 140+ 84 mL
(p<0.001), 150+ 158 mL in the proximal limb (p<0.001),
and 2871140 mL overall (p<0.001). At the end of the
washout period, there was a significant rebound in fluid in-
creasing by 137111 mL in the distal limb (p<0.001),
138+ 128 mL  in the proximal limb (p<0.001), and
276158 mL overall (p<0.001).

A compatrison of IPC modes

A comparison of absolute changes in volume showed that
the LymphAssist was significantly better at reducing leg
volume than the sequential cycle regimen in the distal part of
the leg, a reduction of 230+ 135mL versus 140+84 mL,
respectively (p=0.01). There were no differences in the
proximal aspect of the leg, those in the sequential group had a
reduction in volume of 150+ 158 mL versus 124+ 118 mL in
the LymphAssist group (p=0.7) (Table 3).

Quality of life

The Lymph-ICF-LL total scores did not change after the
control phase with a mean score of 4022 (p=0.6). Fol-
lowing the IPC use, quality of life significantly improved,
with an average score of 32+22 (p<0.001). Finally, once
IPC was removed, scores rebounded to 43+22 (p=0.01)
indicating that quality of life was significantly lower once
IPC was removed. There were no statistical differences in
scores between the interventions falling by 8+ 11 and 6+9
with the LymphAssist and sequential IPC regimens, respec-
tively (p=0.5). The biggest improvements were observed in
the physical domain, with scores significantly reducing by 16
(£16) from an average score of 38+21 to 2620 (p<0.001).

Discussion

The study supports the value of IPC as an adjunctive treat-
ment for managing lower limb lymphedema, with significant
reductions in volume following the addition of IPC and sig-
nificant increases or ‘“‘rebounds” in volume following its re-
moval. During the control period, there were no significant
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FIG. 2. Changes in leg volume (in milliliters) across each study period in the LymphAssist group. Notation: The black bar
represents the means, the box represents the 95% confidence intervals, the error bars represent the standard deviation, and

the circles are outliers.

changes in leg volume. All participants were in compression
hosiery during the study period, hence in stage II of complete
decongestive therapy, the maintenance phase. Therefore, only
small changes in leg volumes were expected as good compli-
ance with compression garments had already been established.

Following the use of IPC, the LymphAssist was signifi-
cantly better at reducing distal leg volume than the sequential
cycle mode, with a mean reduction of 230+ 135 mL com-

pared with 140+84 mL, respectively (p<0.001) Full vol-
umes showed that the LymphAssist mode resulted in larger
reductions in volume 357+ 167 mL compared with the se-
quential mode, 287 £ 140 mL; however, this was not signifi-
cant (p=0.06).

Few studies have compared the efficacy of an advanced
pneumatic compression device, which mimics the MLD
process to a sequential IPC device; however, Fife et al.
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FIG. 3. Changes in leg volume (in milliliters) across each study period in the sequential group. Notation: The black bar
represents the means, the box represents the 95% confidence intervals, the error bars represent the standard deviation, and
the circles are outliers.
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TABLE 3. EFFECT OF INTERMITTENT PNEUMATIC
COMPRESSION ON LEG VOLUME REDUCTION:
A COMPARISON OF THE CHANGE IN MILLILITERS
FROM BOTH MODES

LymphAssist Sequential

(n=37 legs) (n=36 legs) p
Distal 230+ 135 140+ 84 <0.01
Proximal 124+118 150+ 158 0.7
Full 3571167 2871140 0.06

Data are presented as mean *standard deviation.

compared two such devices with a cohort of participants with
arm lymphedema. IPC was applied an hour a day for 12
weeks at a pressure of 30 mmHg. Eighteen participants were
assigned to each group with those using an advanced device
experiencing significantly better reductions in volume of
118+ 170 mL compared with an increase of 6216 mL with
those using a simple device (p=0.01). The simple com-
pression devices consisted of a pump and a three-chamber
garment, whereas the advanced device included a multi-
chamber garment consisting of three parts, including the arm,
adjacent chest, and truncal quadrant.’

However, there are differences in treatment regimens in
terms of discrepancies in garments, mean that a direct com-
parison of treatment cycles is difficult. Nevertheless, the ef-
fectiveness of MLD mimicking devices is supported by a
study conducted by Muluk et al., one of the largest studies to
assess the efficacy of such devices in lower limb lymphedema
patients. IPC was utilized for 6027 days with the study
findings being comparable to those of the current study, with
90% of the 196 participants recruited into the study achieving
a mean reduction in volume of 8% (p <0.001). In this group,
35% had a reduction greater than 10%."!

Further support of IPC for treating lower limb lymphede-
ma is provided by Zaleska et al., who recruited 18 unilateral
participants receiving sequential IPC at pressures of 100-
120 mmHg. Over a 3-year period, participants enjoyed re-
ductions in circumferential measurements at both the calf and
the thigh. After the first month, calf measurements reduced
by 2.3%+3.9% and 2.1%+3.8% in the thigh (p<0.05);
similar reductions were observed in the current study over a
similar period, with a mean volume reduction of 323+
158 mL in all participants, which translates to 4% *2%
reduction; however, this was achieved with much lower
pressures of 45 mmHg. Reductions in circumferential mea-
surements were maintained after 12 months in the study by
Zaleska et al., although the benefit started to plateau fol-
lowing the first year of continual IPC use."’

The current study did not assess the long-term benefits of
IPC; however, the results of the washout period in the current
study, which found significant rebounds in volume, support
the findings of Zaleska et al. and suggest that the regular use
of IPC is required. Those in the LymphAssist group signifi-
cantly rebounded by an increase in 238+ 168 mL (p <0.001)
and the sequential group by 276 = 158 ML (p <0.001). Those
in the sequential group, on average, rebounded slightly higher
than those in the LymphAssist group; however, this was not
significant (p=0.3).

However, some evidence suggests that it is unclear whe-
ther IPC has any additional benefits when used in combina-
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tion with DLT.'® A review of the clinical evidence conducted
by Tran and Argaez found the effectiveness of IPC for vol-
ume reduction; a systematic review and two RCTs found no
significant differences between DLT combined with IPC
compared with DLT alone. However, one RCT and the sys-
tematic review investigated the effects of IPC in breast
cancer-related lymphedema patients.

The second RCT was a study by Taradaj et al., which found
over 4 weeks, in 81 participants, those who used sequential
compression at a pressure of 120 mmHg had a significantly
greater volume reduction of 38% compared with 13% in
those who applied IPC at a pressure of 60 mmHg and 12% in
the control group who received MLD and bandaging only
(p<0.01). Results showed no significant difference between
the control group and those who used IPC at 60 mmHg,
suggesting that higher pressures are more effective for re-
ducing leg volume.? Furthermore, participants in the study by
Taradaj et al. utilized IPC alongside bandaging, whereas the
current study aimed to investigate the effectiveness of IPC in
the home, in phase II of treatment.

This study is one of the few studies to consider the effects
of IPC on separate sections of the limb, the distal and prox-
imal sections. Distally, the LymphAssist mode was signifi-
cantly better at reducing leg volume (230 % 135 mL) than the
sequential cycle mode (14084 mL) (p<0.01). However,
proximally, there were no differences between the two
treatment modes with those in the LymphAssist group re-
cording an average volume loss of 124118 mL and
150+ 158 mL in the sequential group (p=0.7).

Collins et al. used computed tomography to monitor the
response of compression therapy utilized for 12 weeks in 27
unilateral participants. Following 12 weeks of treatment,
both the proximal and distal aspects of the affected limb had
a significant decrease in overall standardized cross-
sectional area over the study period, with an average de-
crease of 26% distally (p<0.01) and 9% proximally
(p=0.02) in the subcutaneous alone. The difference be-
tween the whole limb and the muscle mass was used to
provide an absolute measurement of the subcutaneous
compartment and therefore provide a more accurate mea-
sure of reduction in fluid."

The psychosocial consequences of lymphedema are often
underrated; however, the emotional impact can be just as
detrimental as the physical symptoms.>° A systematic review
conducted by Fu et al. found that 74% of people said that their
lymphedema had a negative effect on their daily living, with
self-care being so time-consuming identified as a key fac-
tor.”! In the current study, following the intervention period,
significant improvements in quality of life were seen with an
average score of 32+22 compared with 40 £22 at the end of
the control period (p <0.001).

Once IPC was removed, quality-of-life scores returned
to those observed at baseline 43+22 (p=0.01). Both IPC
modes were successful at improving patient-reported
quality-of-life scores especially the symptomatic feelings
that are associated with lymphedema such as pain and
heaviness. These results suggest that IPC is an effective
treatment in improving patient-reported quality-of-life,
which could in turn have a positive impact on the phys-
ical ailments, social relationships, and self-confidence
issues experienced by those with lymphedema reported
by Fu et al.
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However, patient acceptance of IPC is essential for its
effectiveness in improving lymphedema symptoms. Blum-
berg et al. also found improvements in quality of life asso-
ciated with IPC use, which were observed by 100 participants
utilizing IPC for an average of 12.7 months, 5.3 times per
week. Post-IPC questionnaires were administered, and re-
sults found that 100% of participants reported symptomatic
improvements. Fifty-four percent of participants felt that
their symptoms had greatly improved and 90% would rec-
ommend the use of IPC to others. Following the observed
reduction in limb volume and improvements in quality of life
in the current study, one could assume that IPC was greatly
accepted by the participants.*

Limitations

The main limitation of this study concerns the small
sample size of the intervention groups, which only represents
a small sample of the South East Wales population; it is,
however, of a similar size to other existing IPC studies.
Another limitation relates to the pragmatic study design
meaning that differences in standard care were not controlled
for during the study. However, pragmatic studies are de-
signed to mimic usual clinic practice rather than in a con-
trolled well-designed setting, which would allow the
investigation of applicability and generalizability of IPC,
thus an investigation into whether IPC works in real life.?

The majority of study participants had secondary lymphe-
dema; hence, the effectiveness of MLD-based IPC for patients
with primary lymphedema should provide a focus for future
research. Finally, while this study did include a 5-week wash-
out period, the long-term effects of IPC were not investigated.

Conclusion

This study adds to the evidence base regarding the efficacy
of IPC for the treatment of lower limb lymphedema. Results
suggest that the LymphAssist is more effective in reducing
leg volume compared with sequential IPC. Furthermore, this
study confirms the practicality of IPC as a home-use treat-
ment, which fosters patient empowerment as patients gain
more control over their lymphedema management.
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