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Abstract

Objective: To perform a preliminary usability evaluation of a novel, compact pneumatic compression device in patients
with lymphoedema.
Methods: This open-label, single-arm trial had two phases: the first focused on the fitting of the pneumatic compression
device (Aria FreeTM, Aria Health, San Diego CA, USA) and the second focused on evaluating the comfort of the entire
system during a 45-min usage period. Both phases were conducted in a monitored clinical environment. Patients aged
≥18 years with a diagnosis of lower limb lymphoedema who had used a pneumatic compression device for ≥3 months were
eligible. Patients rated subjective fit, comfort and usability on an 11-point Likert scale (where higher scores indicate better
fit/comfort/usability). The truncated cone method was used to infer limb volume before and after therapy in phase 2.
Results: Twenty-four patients were screened, and 15 were enrolled (80% female; mean age 62 years); all completed both
study phases. Patients rated the garment as easy to set up and fit (median score 6.5), and all reported that the therapy was
comfortable (median score 10; p < 0.001 vs. reference score of 6). There was a 1.85% reduction in limb volume after device
use for 45 min (p = 0.018 vs. before therapy). No safety issues were identified.
Conclusions: The new pneumatic compression device fitted well, was easy to use and reduced leg oedema.
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Introduction

Lymphoedema is a chronic condition characterized by the
accumulation of protein-rich fluid in the interstitial compart-
ment as a result of impaired lymphatic drainage.1 There are
two main forms of lymphoedema: primary (resulting from
innate abnormalities in the lymphatic system) and secondary
(resulting from impairment of lymphatic vessels due to an
acquired condition such as trauma, tumour, surgery, infection
or obesity).1,2 Overall, between 90 and 250 million people
worldwide are affected by lymphoedema,3,4 and secondary
lymphoedema is more prevalent than the primary form.1

Left untreated lymphoedema progresses over time, more
rapidly in the lower extremities.1 Regardless of the un-
derlying cause, lymphoedema is characterized clinically by
chronic swelling, localized pain, skin atrophy and increased
vulnerability to bacterial infection.2 The effects of lym-
phoedema have a significant negative impact on health-
related quality of life,5 and patients with lymphoedema have

high levels of healthcare utilization, and both direct and indirect
costs.6,7

The goal of treatment in patients with lymphoedema is
to reduce morbidity and improve overall quality of life.
This can be achieved by increasing lymph transport from
the limb, thus reducing swelling and restoring function-
ality of the affected limb, which in turn helps to prevent
complications.8 The mainstay of noninvasive treatment is
complete decongestive therapy (CDT), which includes
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two key stages.1,8 The first includes manual lymphatic
drainage (MLD), compression bandaging, exercise, skin
care and increasingly the use of pneumatic compression
devices (PCDs).1,8 The second (maintenance) stage re-
quires daily self-management by the patient, such as self-
lymphatic drainage, compression therapy, skin care, ex-
ercise and regular home use of PCDs.1,8

PCDs surround the limb with a garment containing air-
filled chambers. Traditionally, PCDs utilized a treatment
algorithm where chambers are gradually filled with air to
provide active sequential compression from distal to
proximal. The aim was to address venous disorders and
therefore the treatment was intended to mobilize fluid in the
limb vasculature.9 These devices have been shown to move
tissue fluid proximally in lower limb lymphoedema.10

Recently, newer generation PCDs have been designed to
specifically impact the lymphatic system, utilizing lower
pressure profiles and treatment sequences intended to
simulate manual lymphatic treatment techniques.8 Although
there is still debate about the optimal strategy for acute and
chronic management of lymphoedema, PCDs are typically
seen as being more useful in the chronic, self-management
phase.11

Intermittent pneumatic compression delivered via a PCD
has been shown to reduce symptoms, decrease limb cir-
cumference and the rate of complications, improve quality
of life and reduce healthcare expenditure.12–15 However,
currently available PCD systems have a number of limi-
tations, especially with respect to usability, because they are
large, bulky and difficult to use.16,17 Although it has not yet
been formally evaluated, anecdotal evidence suggests that
these issues can often lead to a lack of engagement, poor
usage and/or termination of therapy. One small study re-
ported that 70% of patients had <75% adherence to PCD
therapy at 1 year after prescription, where adherence was
defined as the usage frequency recommended by their
lymphoedema clinician.18 There is therefore a need for
research on new-generation PCD devices.19

This preliminary study was designed to evaluate the
usability of a novel compact PCD in patients with lower
limb lymphoedema.

Methods

Study design

This single-center, open-label, single-arm, non-randomized
study was conducted between September 2019 and January
2020. The trial was a usability study that included two
phases: the first focused on the fitting of the device during a
single 60-min clinic visit and the second focused on eval-
uating the comfort of the entire system during a single clinic
visit lasting 90 min. Both phases were conducted in a
monitored clinical environment. The study protocol was

approved by an independent ethics committee. All patients
provided written informed consent prior to enrolment, and
the study was conducted in accordance with ISO 14155:
2011, Good Clinical Practice Guidelines and Australian
Therapeutic Goods Administration requirements.

Study population

Eligible patients were aged ≥18 years, had lower limb
lymphoedema, had been using a pneumatic compression
device for ≥3 months, were able to understand and follow
instructions from study personnel and were able to provide
written and informed consent. Patients with active lower
limb wounds, undergoing cancer treatment, with a history
of pulmonary oedema or decompensated congestive heart
failure, with any condition in which increased venous and
lymphatic return was undesirable, with an implanted
electrical stimulator device, and women who were preg-
nant or trying to become pregnant were excluded. Beyond
the inclusion and exclusion criteria, etiologies of the pa-
tients’ lymphoedema were not recorded for this usability
study.

Treatment

The pneumatic compression device used (AirWear In-
vestigational System) was a prototype of the subse-
quently released product, Aria FreeTM (Aria Health, San
Diego CA, USA), indicated for patients with primary or
secondary lymphoedema. The system consists of an air
pump, a foot-to-thigh pneumatic garment with seven
chambers, and a connector tube (Figure 1). A set of
optional self-fastening extension straps was also pro-
vided. The system is applied by wrapping the garment
around the limb and connecting the tube to the garment
and the pump.

For this study, the therapy parameters were configured to
deliver a 45-min session of therapy where the chambers
were inflated to a pressure of 35 mmHg progressing from
the distal to proximal end of the limb.

During each of the two study visits, participants were
shown the study equipment and given the device in its
packaged state. They were then asked to take the device out,
fit it to their lower limb, then remove it. If lymphoedema
was present in both lower limbs, the participant was given
the choice of which leg to apply the garment. In phase 1,
removal was immediate, whereas during phase 2 removal
took place after 45 min of therapy.

Assessments

Prior to device usage in both study phases, non-
identifying photos of the participant’s lower limbs
were taken 1 m away from the participant to display the
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geometry of the lower limb, and limb size was deter-
mined by tape measure circumferential measurements at
defined intervals from the distal medial malleoli, apex
and base of patella and calculated using the truncated
cone formula (Figure S1).20 After the patient had fitted
the device, lower limb photos were repeated, then pa-
tients removed the device and completed a questionnaire
(Table S1 [phase 1] & Table S2 [phase 2]). In phase 2,
patients also completed a pre-study questionnaire (Table
S3), and turned the device on and left it on for 45 min
prior to removal. At the end of both phases, participants
underwent a post-study qualitative interview with the
principal investigator (M.D.), with or without a design
engineer, about their experience with fitting (phase 1) or
fitting and using (phase 2) the pneumatic compression
device (see online supplement for details of questions
asked).

Within all questionnaires, device fit, usability and comfort
were determined using an 11-point Likert scale, from 0 (worst
score/unfavorable) to 10 (best score/favorable).

Adverse events, including those related to the device,
were recorded during the study. An event was defined as

related to the pneumatic compression device if it resulted
from insufficiencies or inadequacies in the instructions for
use, deployment, implantation/installation or operation, or
any malfunction of the investigational medical device (this
included any event resulting from usage error or intentional
misuse).

Objectives

The primary objective of phase 1 was to evaluate the
subjective fit of the pneumatic compression device; sub-
jective ease of use and comfort were secondary endpoints.
The primary objective of phase 2 was to assess the sub-
jective comfort of the pneumatic compression device over
1 h of use; subjective ease of use and fit were secondary
endpoints.

Statistical analysis

For this pilot usability study, the goal was to enroll 10
patients. The anticipated number of dropouts was zero, but it

Figure 1. Pneumatic compression device components.
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was determined that 90% of usability issues could still be
identified if up to 2 participants dropped out of the study.21

Likert scale scores were compared against a reference score
of 6, a method used in previous medical device usability
studies, where a score ≥6 is considered ‘acceptable’, as a
score of 5 is the midpoint of the scale.22,23 The null hy-
pothesis was that the score for the new device would be 6; if
scores were >6 or <6 the product was better or worse,
respectively, than the defined criterion. The rating for each
assessment item was evaluated using the Wilcoxon Signed
Rank Test. ‘Pass’ was defined as a significant p-value and a
positive direction of change or p-value not significant, and
‘Fail’ was defined as a significant p-value and a negative
direction of change.

Results

Study population

Twenty-four patients (24) were screened and 15 were en-
rolled, all of whom completed the study (no patients were
withdrawn). Reasons for non-enrolment were as follows:
not eligible (n = 2); residence away from clinical study
location (n = 4) and loss of contact (n = 3). The first patient
was enrolled on 11 September 2019, and the last patient visit
took place on 21 January 2020. The majority of patients
(80%) were female and had bilateral lower limb oedema
(93%), and the mean age was 62 years (Table 1).

Phase 1

All participants were able to unpack all required compo-
nents of the pneumatic compression device system, but one
participant did not realize there were self-fastening exten-
sion straps. All participants connected the connector tube to
the air pump before trying to connect the wall power supply
unit and all also connected the connector tube to the gar-
ment. One (1) participant incorrectly connected the power
supply directly into the garment. While this was recorded as
a usability issue, it was not an unsafe configuration. Five (5)
participants used the system user guide for assistance. All
scores were above the reference value of 6 (Table 2).
Median scores for ease of strap adjustment, comfort, bulk of
garment and ease of removal were all significantly different
from the reference (Table 2).

Phase 2

All participants rated the pneumatic compression device
with a score of 10 for comfort (p = 0.001 vs. reference
score of 6) (Table 2). Ease of use, comfort, bulk of garment
and ease of removal scores were also significantly greater
than the reference (Table 2). No patients reported any
discomfort during device usage for 45 min. Mean per-
centage Change from Baseline of limb volume was
�1.85% (p = 0.018) after 45 min of therapy. Positive
comments about the new system related to the comfort of
the fabric used in the garment, the small size of the air
pump and system portability. Suggested improvements
related to sizing, configuration of the foot piece, and ability
to adjust more features (e.g. pressure). Five (5) participants
volunteered feedback that they would purchase the new
PCD if it was available.

There were no adverse events during the study.
Four (4) device deficiencies occurred: air pump would

not turn on (remedied by correcting misalignment of the
connector, allowing therapy to continue); 1 air chamber not
fully inflating (therapy was able to be continued); discon-
nection at garment end (device replaced); and material
separated around the lateral malleolus region (area re-
inforced with an extension strap). All of these were con-
sidered to be minor.

Discussion

This preliminary usability study showed that patients with
lower limb lymphoedema found the new PCD easy to use
and comfortable, and that the system was safe. All patients
stated that they were generally happy with the design of the
new device and, unprompted, one-third of patients also said
they would be happy to use the device.

This study was designed to evaluate the usability of the
pneumatic compression device system, not the therapeutic

Table 1. Participant demographic and clinical characteristics at
baseline.

Participants (n = 15)

Female, n (%) 12 (80)
Age, years 62 (37–71)
Body weight, kg 102 ± 28.12
Caucasian, n (%) 14 (93)
Lower limb oedema, n (%)
Bilateral 14 (93)
Unilateral 1 (7)

Existing compression pressures, n (%)*
40 mmHg 1/14
50 mmHg 1/14
60 mmHg 3/14
70 mmHg 2/14
80 mmHg 3/14
90 mmHg 2/14
100 mmHg 2/14

Values are mean (with or without range) or ± standard deviation, or
number of patients (%).
*One patient was not currently using a pneumatic compression device. This
was a protocol deviation, but the patient was included because he had good
knowledge of pneumatic compression devices.
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benefits associated with its use. Therefore, additional
studies are required to evaluate the effects of ongoing
therapy with the device on lower limb volume, other
objective efficacy parameters, and patient-reported out-
comes such as quality of life in patients with lymphoedema
of the lower limbs. Nevertheless, the reduction in mean
limb volume of 1.85% seen after a single 45-min treatment
session seen in the current study is promising. A sys-
tematic review found limited evidence for conclusions
regarding the minimal clinically important difference

(MCID) in lymphoedema management and none of the
included studies examined lower limb volume reduction
from a single therapy session.20 A Distribution-based
MCID for scaled standard error of measurement (SEM)
of 1% is recommended for the lower limb volume method
used in this study but this is not necessarily clinically
meaningful.24 A leg volume increase of greater than 5%
when measured by a perometer has been used as the
threshold for referral for evaluation of possible lym-
phoedema flare-up.25

Table 2. Likert scale scores for fit (phase 1) and comfort (phase 2) of the new pneumatic compression device system (on an 11-point
scale from 0 [worst score/unfavorable] to 10 [best score/favorable]).

N Median score Wilcoxon statistic p-valuea

Phase 1
Fit 15 6.5 64.5 0.820
Ease of putting on 15 6.5 66.0 0.755
Ease of strap adjustmentb 9 10.0 36.0 0.014
Comfort 15 9.0 119.0 0.001
Bulk of garment 15 10.0 119.0 0.001
Ease of removalc 14 10.0 105.0 0.001

Phase 2
Therapy comfort 15 10.0 120.0 0.001
Ease of strap adjustmentd 3 9.5 6.0 0.181
Comfort during use 15 10.0 119.0 0.001
Bulk of garment 15 10.0 119.0 0.001
Ease of removal 15 10.0 105.0 0.011

aCompared with a reference score of 6, using Wilcoxon Signed Rank Test.
bSix participants did not need strap adjustment.
cOne participant was not able to answer the question about ease of removal.
dTwelve participants did not need strap adjustment.

Table 3. Physical device attributes of the new pneumatic compression device system and existing recognized devices in the US market.a

Manufacturer Device model Weight (kg/lbs) Dimensions (cm × cm × cm) Volume (L)

Airos medical28,29 Airos 6 2.9/6.4 25.9 × 26.7 × 10.9 7.5
Airos 8 3.0/6.6 25.9 × 26.7 × 10.9 7.5

BioCompression systems30–33 SC-2004-OC 2.1/4.6 11 × 28 × 19 5.9
SC-2008-OC 2.4/5.3 11 × 30 × 21 6.9
SC-3004-DL 2.6/5.7 11 × 30 × 20 6.6
SC-3008-DL

DJO global34 PresSsion 651-4 2.5/5.5 25.4 × 24.1 × 11.4 7.0
PresSsion 652-8 5.4/11.9 30.5 × 30.5 × 11.4 10.6

LymphaPress35,36 PCD-51 1.5/3.3 22 × 17 × 13 4.9
Optimal Plus 912 4.5/9.9 34 × 24 × 19.8 16.2

Tactile medical37,38 Entre PD08-U 1.8/4.0 27.9 × 15.2 × 20.3 8.6
Flexitouch PD32-G3 2.8/6.2 20.3 × 24.5 × 20.3 10.1

ThermoTek39 Vascucomp 3-L 3.2/7.0 17.8 × 20.3 × 20.3 7.3
Aria health40 Aria freeTM 0.3/0.7 13.6 × 8.4 × 5.2 0.6

aList of marketed devices was sourced from the Pricing Data Analysis and Coding (PDAC) Durable Medical Equipment (DME) Product Classification List
and filtered for Healthcare Common Procedure Coding System (HCPCS) code E0651 (shown in bold) and E0652 (shown in italics). Aria Free is classified as
a E0651 device, but E0652 devices are included here as a reference. Devices active in the last 10 years (from 2011) were included based on the availability of
relevant data. Devices were included if the indications for use included lymphoedema and were compatible with full-leg garments.
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The need for effective management of lymphoedema, one
aspect of which is provided by PCD systems, is highlighted
by the substantial burden that lymphoedema places on both
patients and healthcare systems.5-7 The new PCD device
evaluated in this study is a compact system designed to
overcome the issues with existing PCD devices, such as
bulkiness and size. An evaluation of full-leg lymphoedema
compression pumps from the last 10 years in the intended
market (USA) showed that the minimum weight and volume
of all compression pumps was 1.5 kg and 4.9 L, respectively
(Table 3). The new PCD device (Aria FreeTM) compares
favourably weighing 0.3 kg and having a volume of 0.6 L.
This would be expected to improve patient acceptability and,
therefore adherence to therapy.

Overall, there is a lack of robust data for the use of PCDs in
lymphoedema and the quality of existing studies is low.19 As
PCD therapy can be self-administered in the home it is im-
portant that the individual patient experience is assessed.8,26

Two previous studies examined usability of PCD for lym-
phoedema: one included lower limb therapy and the other,
treatment of the head and neck.25,27 Both utilized a rating scale
to determine device usability. This was also the approach taken
in our study, which found that the use of the new PCD system
was both comfortable and feasible for a single session.

A key strength of the current study is that it is the first to
investigate use of a novel compact PCD system in patients with
lower limb lymphoedema. However, there are several limita-
tions that need to be taken into account when interpreting the
current findings. The number of patients studied is small, and
the trial was conducted in a controlled clinical setting (rather
than at home,which is where the devicewouldmostly be used).
In addition, this preliminary study had an uncontrolled design
and used qualitative endpoints, meaning that the findings may
be subject to bias. Furthermore, the study population included
patients who had previous experience with PCDs, meaning that
the results cannot be generalized to patients with lymphoedema
who have not previously used PCDs.

Conclusions

This clinical evaluation supports the usability of the novel
compact pneumatic compression garment with respect to
both subjective fit and comfort during use. The features of
this PCD system have the potential to address the limitations
of currently available devices. Additional studies are needed
to determine the effectiveness of the new PCD device, but
preliminary data support its feasibility, acceptability and
safety for potential use as part of the multidisciplinary
management of lower limb lymphoedema.
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