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Abstract Treatment of the truncal lymphatics prior to
treatment of the lymphedematous arm is an accepted,
although not empirically tested, therapeutic intervention
delivered during decongestive lymphatic therapy (DLT).
Breast cancer survivors with arm lymphedema are
encouraged to use these techniques when performing
simple lymphatic drainage as part of their life-long
lymphedema self-care. Self-massage is at times difficult
and pneumatic compression devices are used by many
patients to assist with self-care. One such device, the
Flexitouch® System, replicates the techniques used during
DLT; however, the need for application of pneumatic
compression in unaffected truncal areas to improve self-
care outcomes in arm only lymphedema is not established.
The objective of this study was to compare the therapeutic
benefit of truncal/chest/arm advanced pneumatic com-
pression therapy (experimental group) verses arm only
pneumatic compression (control group) in self-care for arm
lymphedema without truncal involvement using the Flexi-
touch® System. Outcomes of interest were self-reported
symptoms, function, arm impedance ratios, circumference,
volume, and trunk circumference. Forty-two breast cancer
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survivors, (21 per group), with Stage II lymphedema
completed 30 days of home self-care using the Flexitouch®
System. Findings revealed a statistically significant
reduction in both the number of symptoms and overall
symptom burden within each group; however, there were
no statistically significant differences in these outcomes
between the groups. There was no statistically significant
overall change or differential pattern of change between the
groups in function. A statistically significant reduction in
bioelectrical impedance and arm circumference within both
of the groups was achieved; however, there was no statis-
tically significant difference in reduction between groups.
These findings indicate that both configurations are effec-
tive, but that there may be no added benefit to advanced
pneumatic treatment of the truncal lymphatics prior to arm
massage when the trunk is not also affected. Further
research is indicated in a larger sample.

Keywords Lymphedema - Flexitouch® System -
Pneumatic compression devices - Manual lymphatic
drainage - Breast cancer

Introduction

Lymphedema can either be primary (idiopathic) or sec-
ondary (acquired) in nature. The leading cause of second-
ary lymphedema in the United States is cancer treatment
[1]. Breast cancer is the most frequently diagnosed cancer
in women other than skin cancer [2], and despite advances
in cancer treatments designed to decrease the incidence of
secondary lymphedema, new lymphedema cases continue
to occur in this population. Lymphedema does not neces-
sarily occur immediately after treatment; therefore, the risk
of developing lymphedema can last a lifetime. Arm
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lymphedema creates both physical and psychosocial
sequelae [3-12] and reduced Quality of life (QOL)
[12-14]. These problems can be unrelated to the measured
volume of the affected limb [5, 15].

To achieve any reasonable control over their limb vol-
ume and mitigate complications, breast cancer survivors
with lymphedema must perform life-long self-care. The
current standard of treatment for all types and stages (initial
onset and chronic) of lymphedema is decongestive lym-
phatic therapy (DLT), which includes manual lymphatic
drainage (MLD), bandaging, and wearing compression
garments, in conjunction with isometric exercises and
meticulous skin care [16]. During MLD performed for acute
treatment of lymphedema, a therapist first opens lymph
channels in the trunk and chest distal to the swelling, and
then massages the swollen area using light hand techniques
to move fluid from the affected extravascular spaces to non-
affected lymph channels. Although, never empirically
tested, the truncal/chest massage is used internationally by
lymphedema therapists and is believed to enhance the
effectiveness of treatment by opening lymph channels to
receive the lymph from the affected limbs [17-20].

As patients are transitioned to self-care, they are
instructed to perform a simpler, self-administered version of
MLD to manage the condition. Various compression pumps
have been developed during the last 25 years in attempts to
offer alternative treatment modalities to self-MLD in
management of both acute onset and chronic arm lymphe-
dema. Newer devices, when used with appropriate training
and education, are believed to be safer than their older
counterparts because they use lower pressures to move the
lymph fluid [21-23]. In some cases, older pumps moved
fluid from affected limbs to genital areas causing swelling
and damage to fragile lymphatics [21, 23, 24]. Truncal areas
were not cleared by these pumps. One newer device, cleared
by the FDA for home use, is the Flexitouch® System. This
system uses lower pressures than the older pumps and
applies light, dynamic, variable pressure using multi-
chambered, inflatable, and stretchable fabric garments. The
device’s unique mechanism of action replicates the tech-
niques used during MLD: opening lymph channels in the
trunk and chest distal to the swelling prior to massaging the
affected limb. The device includes three distinct treatment
garments: (1) trunk; (2) chest/upper arm; and (3) lower arm.
Software programming allows for variation of compression
patterns to individualize treatment, as needed.

Our previous pilot study, (N = 12), supported treatment
of the trunk in breast cancer survivors with known arm and
truncal swelling [25]. Using all three treatment garments,
statistically significant improvement in truncal symptoms
was found after ten treatments, with, though not statisti-
cally significant, accompanying reduction in truncal girth.
The therapeutic benefit of applying truncal/chest pneumatic
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compression therapy to open the lymph channels in indi-
viduals who do not demonstrate evident truncal edema,
however, has not been investigated [20]. Therefore, the
need for application of pneumatic compression in unaf-
fected truncal areas to improve self-care outcomes in arm
only lymphedema is not established.

The objective of this study was to examine the therapeutic
benefit of advanced pneumatic compression treatment to the
truncal/chest/arm (experimental condition) versus pneu-
matic compression treatment to the arm only (control con-
dition) in self-care of arm lymphedema. The outcomes of
interest were: (1) physical and psychological symptoms; (2)
function, and; (3) arm and truncal volume/girth.

We hypothesized that: (1) the number, severity, and
intensity of physical and psychological symptoms would be
significantly reduced after 1 month of home use with the
Flexitouch® System truncal/chest/arm pneumatic com-
pression treatment when compared to using the Flexi-
touch® System arm only pneumatic compression treatment;
(2) functional assessment scores would be significantly
higher after 1 month of home use with the Flexitouch®
System truncal/chest/arm compression when compared to
using the Flexitouch® System arm compression only; (3)
arm volume would be significantly reduced after 1 month
of home use in participants using the Flexitouch® System
truncal/chest/arm compression when compared to using the
Flexitouch® System arm compression only, and; (4) truncal
girth would be less after 1 month of home use with the
Flexitouch® System truncal/chest/arm treatment when
compared to the Flexitouch® System arm only treatment.

Materials and methods

This randomized clinical trial was approved by the Van-
derbilt University Institutional Review Board and the
Vanderbilt-Ingram Cancer Center Scientific Review Com-
mittee. Participants were consented and randomized, 1:1,
into one of two groups (truncal/chest/arm compression
[experimental] or arm compression only [control]) via
computer-generated randomization using a permuted block
scheme. Participants in the study were at least 6 months
post-surgery and/or post-radiation treatment for breast
cancer and 21 years of age or older. They were required to
have documented arm lymphedema as evidenced by: (1) a
2 cm difference in girth at any anatomical location on the
affected arm compared to the unaffected arm determined
by the average of two circumferential measurements, or a
Lymphedema index ratio (LIR), representing the imped-
ance difference between affected and unaffected arms of
1.163 when the dominant arm was the affected arm, or
1.109 when the non-dominant arm was the affected arm.
These values were based on data previously collected by
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the team that were indicative of symptomatic lymphedema.
Additional criteria included being willing and able to drive
to the study site as needed, not currently using a com-
pression pump, and not undergoing DLT by a therapist.
None had diagnosed or clinically evident truncal swelling.

Participants were recruited through a registry of breast
cancer survivors known to have lymphedema and from the
community at-large. Individuals were screened using a
three-phase screening process—Phase 1: screening by
study staff via the telephone; Phase 2: after reviewing
initial screening data for those with no obvious exclu-
sionary criteria, further medical information was obtained
and reviewed by the PI and the study physician; Phase 3: an
on-site physical screening for Stage II arm lymphedema
(i.e., limb elevation alone rarely reduces tissue swelling
and pitting may or may not present) [26].

Forty-seven participants enrolled. Three participants
were withdrawn from the experimental group by the PI
(one had recurrent cellulitis after not wearing a compres-
sion sleeve, one reported a “tired arm” with no specific
complaints of pain or discomfort, and one due to family
pressure to not be in a research study). Two participants
were withdrawn from the control group. One was with-
drawn by the PI for non-compliance with treatment and one
“changed” her mind about being in the study. No adverse
events directly related to the use of the device were
reported or observed.

Data collection instruments
Demographic and medical data

Demographic information, age, and gender were gathered,
along with self-reported breast cancer and lymphedema
disease and treatment information via nurse interview.

Symptoms

The Lymphedema symptom intensity and distress survey-
Arm (LSIDS-A) (Table 1) was used to evaluate physical,
psychological, or situational symptoms. The LSIDS-A is a
36 item symptom survey previously tested in this popula-
tion with a known Cronbach’s alpha of .95 [27]. The
instrument first requires participants to indicate the pres-
ence of a symptom (“yes” or “no”). If a symptom was
experienced in the past week, participants then rate its
intensity (degree of severity) and associated distress
(degree of bother) on two separate ten point numeric
scales, with one representing “slight” and ten representing
“severe” intensity or distress. The resulting symptom
burden score is derived by multiplying the intensity and
distress values for each symptom to arrive at a weighted

value, that may range from ‘0’ (no symptoms reported) to
‘100’ (maximum intensity and distress). These individual
weighted values are subsequently averaged to arrive at an
overall index of symptom burden. The internal consistency
of these scores (using Cronbach’s Alpha) ranged from 0.93
to 0.94 for the three times of assessment in this study. This
indicates that the items of the LSIDS-A correlate well with
each other and tend to measure a single phenomenon (i.e.,
symptoms related to arm lymphedema).

Function

The 15-item Functional assessment screening questionnaire
(FASQ; Activity Level/Function) was used to assess
function [28, 29]. This instrument contains a five point
response format with anchors of (0) “someone else does
this” to (4) “no difficulty performing task.” The internal
consistencies of the FASQ scores (using Cronbach’s
Alpha) in this study ranged from 0.82 to 0.87 for the three
times of assessment.

Physical measurements

Four study staff who had conducted physical measurements
of both arms and trunks in a previous study completed 99%
of the measurements. One measurement was conducted by
someone with no previous experience. However, this per-
son was also trained by the first author (PI) to insure
consistency of measurements across all the raters. The first
author and an administrative assistant served as measure-
ment controls for initial staff retraining or initial training
prior to participant enrollment and for monthly re-evalua-
tions throughout the duration of the study. During these
sessions, study staff measured both controls and were cri-
tiqued regarding placement of tape and tension applied to
the limb. Controls were measured twice by each staff
member, findings averaged, and then measurements among
staff were compared for agreement by the first author.
Agreement within 0.20 cm among study staff on the con-
trols when conducting these measurements was required
and retraining took place if such agreement was not ini-
tially apparent. One staff member completed 40% of the
measurements made during the study; 62% of the patients
were measured by two different staff; and 10% by one staff
member.

Arm

To obtain the circumferential measurements, a non-stretch,
retractable, Gulick II Tape that applies four ounces of
tension when used. Arms were measured at the metacarpal
shaft of the hand and then, starting at the ulnar styloid, in
10 cm intervals to the shoulder [30-32]. Each
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Table 1 LSIDS-A instructions and sample items for each symptom below circle yes or no to indicate whether you have had this symptom

during the past week

Symptom Yes/No Intensity (Slight— Severe)

Distress (Slight— Severe)

Heaviness in your arm

Difficulty in raising arm
above head

Flaky skin on your arm

Yes No| I 2 3 4 5 6
Yes No| 1 2 3 4 5 6

Yes No| 1 2 3 4 5 6

7 8 9 101 2 3 4 5 6 7 8 9 10
7 8 9 101 2 3 4 5 6 7 8 9 10

7 8 9 101 2 3 4 5 6 7 8 9 10

If you circle yes, please rate how intense this symptom was using the 1-10 point scale. Also rate how distressed you were by this symptom using

the 1-10 point scale

measurement was made twice and the average was used in
the analysis. Arm volume was subsequently calculated
using only the measurements between the first (10 cm) and
last (40 cm) consistent placements, thus avoiding the var-
iable measurements due to individual differences between
the ulnar styloid and the first 10 cm, as well as between the
last 10 cm measurement (40 cm above the initial mea-
surement) and the shoulder. The volume of each cylinder
formed between each 10 cm assessment point on the arm
was calculated using the formula:

n x (C/27m)* x height

where ‘C” was equal to the circumference at each point of
measurement and height was 10 cm. Each of the three
cylinder volumes for each arm (between 10-20 cm,
20-30 cm, and 30-40 cm) were summed to arrive at the
total arm volume.

A bioelectric impedance device, with a single-frequency
of <30 kHz, manufactured by ImpediMed (Mansfield,
Australia), was used to measure extracellular fluid volume.
This device was chosen because the measurement of
extracellular fluid, a primary variable of interest, does not
require use of more expensive, multi-frequency devices.
Participants were measured in a supine position with their
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legs not touching and their arms to the side not touching the
trunk.

Trunk Though not a primary study outcome, the trunk
was measured in five locations as indicated on Fig. 1 to
determine if lack of truncal treatment had a negative effect
on the torso. Each measurement was made twice and the
average was used in the analyses. Measurements were
completed while participants stood with arms extended to
sides.

Body mass index (BMI) The Harpenden pocket stadi-
ometer was used to measure height (Seritex, Inc.) and the
portable UC-321S body weight scale was used to measure
weight. BMI was subsequently calculated using the for-
mula [33]:

(weight,,, x 703)/(height?, )

Intervention

Study staff first interviewed the participants concerning
demographics and medical history. All participants were
then seen in a laboratory setting for baseline assessments;
study staff administered training on use of the device, and
an initial supervised self-treatment took place. During pre-
treatment baseline assessments height, weight, and cir-
cumferential measurements of the arms and trunk were
taken. The bioelectric impedance device was then used to
obtain the LIR. The arms and trunk were examined by
study staff; findings were documented using a standardized
skin checklist. The participants then completed the self-
report surveys and were randomly assigned to either the
experimental or the control group.

To insure proper technique was followed and to observe
for any participant problems, the first treatment was con-
ducted under staff supervision in the laboratory. Before the
treatment, participants viewed a training video demon-
strating the Flexitouch® System garments and controller
operation. Immediately following the training video, par-
ticipants were asked to void, to remove any constrictive
clothing and jewelry, and to change into scrub suits. An
arm stockinette was placed over the affected limb. Partic-
ipants were then fitted for the compression garments. They
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were shown how to correctly don the garments and
instructed on the use (settings) of the Flexitouch® System
controller. They were then required to remove the Flexi-
touch® System garments and reapply them unassisted.
Re-education took place if needed.

The manufacturer’s recommended standard pressures were
used for both the experimental and control groups. A pub-
lished technical report indicates the mean overall pressure
applied is approximately 9.0 + 4.2-13.7 + 4.9 mmHg [20].
The gentle, wavelike pressure peaks for a split second with an
immediate release. It is this dynamic, mild pressure and
release rhythm that is thought to stimulate lymphatic activity.

The experimental group’s program was set for the upper
extremity, chest, and truncal treatment (Ul) (Fig. 2) and
they received a total dose of 30 one hour per day treatments
during the study. The control group’s program was set for
arm only (U4) (Fig. 3), with no treatment being adminis-
tered in the chest or truncal areas. They received a total
dose of 30, 36 min per day treatments while on study.
During the laboratory observed treatment, participants
rested supine on a massage table with their head and
affected arm supported on pillows. Study staff remained
present during the treatment to observe the participant for
tolerance and comfort. No participants voiced discomfort
or asked to stop the treatment.

After completion of the first treatment in the laboratory, the
arm, and trunk were examined and measurements were
repeated as a safety check to insure no one experienced undue
skin irritation or swelling. No participants experienced any
identified problems, thus all undergoing the initial treatment
were given dates for subsequent visits and instructions for
completion of a home diary, in which they documented their
home-based treatment times and comments.

Treatments two through 30 were completed unobserved in
the participants’ homes. For treatment two, there was a start/
stop call, in which the study staff called participants prior to
the treatment and immediately after, according to the length
of their treatment time. This allowed for the participants to
ask any questions and inform staff of difficulties or compli-
cations they might have experienced while donning the
garment or during treatment. Primarily, the participants’
remarks pertained to adjustment of the garments or com-
ments that the treatment went well with no problems.

The mid-point and end-of-study measurements, which
were identical to the baseline assessments, were conducted
at either the participants’ homes or at the study lab
depending on the participants’ preferences.

Statistical procedures

All statistical summaries and analyses were conducted
using SPSS version 18. Frequency distributions resulting in

Fig. 3 Arm only configuration

counts and percentages were used to summarize the nom-
inal and ordinal participant characteristics. Chi-square tests
of independence were used to test for differences in those
characteristics between the two study groups. Because
most of the continuous patient characteristics and study
measures had slightly to severely skewed distributions, for
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consistency, all such data (with the exception of age and
function which were normally distributed) were summa-
rized using medians and the 25th—75th interquartile range
(which represents the middle 50% of cases regardless of
the shape of that distribution). Between group comparisons
of demographic and clinical characteristics were conducted
using Mann—Whitney tests. To control for some clinically
(although not statistically) significant differences in the
baseline values of many of the study measures, the baseline
value of each outcome measure was included as a covariate

in analysis of covariance used to test for differences
between the groups at the end of the study. All data were
rank transformed to meet the parametric assumptions of
analysis of covariance. To aid in further illuminating the
effects of the arm versus the truncal/chest/arm device,
standardized effect sizes for the changes from baseline to
end-of-study were calculated and reported. These effect
sizes are based on the standard Cohen effect size measure
and allow for the direct comparison of effects standardized
for the scale and variability of the values. For example, a

Table 2 Demographic

characteristics (N = 42) Characteristic Study group
Arm only Truncal/chest/arm
N =21 (N =21)

Marital status (P = .719)

Married 13 (61.9%) 12 (57.1%)

Single/Widowed 6 (28.6%) 8 (38.1%)

Other 2 (9.5%) 1 (4.8%)
Work status (P = .855)

Employed Full time 12 (57.1%) 10 (47.6%)

Employed Part time 1 (4.8%) 2 (9.5%)

Homemaker 2 (9.5%) 2 (9.5%)

Retired 5 (23.8%) 4 (19.0%)

Unemployed 1 (4.8%) 2 (9.5%)

Other 0 (0.0%) 1 (4.8%)
Insurance status (P = .516)

Private insurance 13 (61.9%) 14 (66.7%)

Other 8 (38.1%) 6 (28.6%)

None 0 (0.0%) 1 (4.8%)
Residence (P = 1.000)

Urban/Metropolitan 16 (76.2%) 16 (76.2%)

Rural/Other 5 (23.8%) 5 (23.8%)
Income (p = .526)

<$10,000 0 (0.0%) 2 (9.5%)

$10,000-$30,000 4 (19.0%) 3 (14.3%)

$30,001-$60,000 4 (19.0%) 4 (19.0%)

>$60,000 10 (47.6%) 11 (52.4%)

Do not care to respond 3 (14.3%) 1 (4.8%)
Race (P = .326)

Caucasian 20 (95.2%) 17 (81.0%)

African American 1 (4.8%) 3 (14.3%)

Other 0 (0.0%) 1 (4.8%)
Education (P = 1.000)

<12th grade 4 (19.0%) 4 (19.0%)

College/graduate 17 (81.0%) 17 (81.0%)

Age (years) (P = .019)

BMI (P = .571)

Mean £ SD (Min, Max)
56.9 + 8.1 (38, 71)

Median [25th, 75th
IQR] (Min, Max)

30.1 [26.1, 32.6] (21, 51)

Mean £ SD (Min, Max)
50.8 + 8.1 (37, 65)

Median [25th, 75th
IQR] (Min, Max)

30.8 [26.1, 35.5] (21, 48)
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change of ten points from a baseline value of 50 with an
observed standard deviation of 20 points results in an effect
size for the change of 0.5 (a half standard deviation). The
same amount of change within a sample with an observed
standard deviation of ten (less variable responses) results in
a standardized effect size of 1.00 (a full standard devia-
tion). The effect sizes reported therefore standardize the
changes within groups and are independent of baseline
values that may differ between groups. All tests of statis-
tical significance maintained a maximum alpha value of .05
(P < .05).

Results
Characteristics of sample

The sample (N = 42) consisted primarily of Caucasian
females and had an average age of 53.8 years (SD = 8.6).

All participants had Stage II lymphedema and had received
a surgical intervention for breast cancer. Thirty-three met
both LIR and 2 cm inclusion criteria (15 in the experi-
mental group, 18 in the control group), while nine met only
2 cm criteria (seven in the experimental group, two in the
control group). The demographic and medical character-
istics of the participants randomly assigned to either the
arm only or truncal/chest/arm study conditions are sum-
marized in Tables 2 and 3. BMI did not differ between
groups and other than age and duration of lymphedema, the
participants were very similar. As shown, the women in the
truncal/chest/arm group tended to be younger (51 vs. 57
mean years, P = .019) and correspondingly had been
diagnosed with lymphedema at an earlier age (46 vs. 52
median years, P = .044). These women also had experi-
enced a shorter period of time between their surgery for
breast cancer and the onset or diagnosis of lymphedema (7
vs. 15 median months, P = .038). There was a 99% pro-
tocol adherence rate for both groups.

Table 3 Medical

L Characteristic
characteristics (N = 42)

Study group

Arm only Truncal/chest/
(N =21 arm (N = 21)

Location of breast cancer (P = .879)

Left 10 (47.6%) 10 (47.6%)

Right 9 (42.9%) 8 (38.1%)

Bilateral 2 (9.5%) 3 (14.3%)
Stage of breast cancer (P = .743)

0/1 5 (23.8%) 4 (19.0%)

I 9 (42.9%) 10 (47.6%)

il 7 (33.3%) 6 (28.6%)

1AY 0 (0.0%) 1 (4.8%)
Type of cancer treatment (P = .637)

Surgery 1 (4.8%) 0 (0.0%)

Surgery & radiation 3 (14.3%) 3 (14.3%)

Surgery & chemotherapy 2 (9.5%) 4 (19.0%)

Surgery, radiation & chemotherapy 15 (71.4%) 14 (66.7%)
Type of surgery (P = .390)

Lumpectomy 10 (47.6%) 10 (47.6%)

Mastectomy 9 (42.9%) 6 (28.6%)

Other 2 (9.5%) 5 (23.8%)

Time since breast cancer
diagnosis (years) (P = .389)
Time from surgery to lymphedema
onset (months) (P = .038)

Lymphedema duration (months) (P = .715)

Age at lymphedema
onset (years) (P = .044)

Median [25th, 75th IQR]
(Min, Max)

5.0 (1.5, 11.5] (1, 15)
15.0 [8.5, 29.0] (1, 109)

44.0 [13.0, 109.5] (1, 171)
52.0 [45.5, 58.0] (37, 70)

Median [25th, 75th IQR]
(Min, Max)

4.0 [2.0, 6.0] (1, 15)
7.0 [3.5, 15.5] (1, 72)

42.0 [16.5, 69.0] (0, 148)
46.0 [41.5, 51.5] (33, 59)
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Symptoms

The number of symptoms reported at each time of
assessment, as well as the self-reported burden from those
symptoms, are summarized in Table 4. At the end of the
study, there was a statistically significant reduction in both
the number of symptoms and overall burden from those
symptoms within each of the study groups (P < .01).
However, after controlling for baseline values, there were
no statistically significant differences in the number of
symptoms between the groups (P = .145). There was a
stronger differential effect on the self-reported burden
scores with the arm only group demonstrating a greater
(although not statistically significant, P = .051) relative
reduction in burden from baseline (effect size = —0.89)
than that seen in the truncal/chest/arm group (effect
size = —0.44). These findings for symptom number and
burden did not change meaningfully after controlling for
the observed associations of BMI, age, time since breast
cancer diagnosis, and duration of lymphedema.

Effect sizes also were generated within each of the
groups for the individual symptoms reported by at least
50% of the participants at baseline (see Table 4).

Substantial reductions in burden were seen in one or both
of the groups for arm swelling, heaviness, tightness, and
aching.

Function

All participants were high functioning upon enrollment
into the study (M = 21.1, SD = 5.8) and this level of
functioning was maintained throughout study participation
M = 20.6, SD = 6.2). Thus, there was no statistically
significant overall change (P = .897), or differential pat-
tern of change between the groups in function (P = .408).

Physical measurements

Arm volume was assessed using bioelectrical impedance
and circumferential measurement. Descriptive statistics
and respective between group differences and within group
effect sizes for these measures are summarized in Table 5.
Similar to results seen for the symptom reports, there were
statistically significant reductions in bioelectrical imped-
ance within both of the groups from their respective
baseline values (arm: effect size = —0.31, P = .004;

Table 4 Summaries of
changes in symptoms and
symptom burden from baseline
to end of study (N = 42)

Study group

Arm only (N = 21)
Median [25th, 75th IQR]
(Min, Max)

Truncal/chest/arm (N = 21)
Median [25th, 75th IQR]
(Min, Max)

Number of symptoms (P = .145)*

Baseline
End of study
Effect size

12.0 [7.5, 16.0] (1, 20)
6.0 [4.0, 11.5] (0, 21)
—0.72%*

15.0 [9.5, 20.0] (3, 27)
10.0 [6.0, 17.5] (3, 28)
—0.43%

Overall symptom burden (P = .051)*

Baseline
End of study
Effect size

Specific symptoms™***

2.6 [1.4,7.2] (0.2, 20.7)
1.1 [0.5, 2.0] (0, 19.5)

9.7 [1.4, 22.8] (0.2, 47.4)
4.0 [0.8, 9.2] (0.1, 26.3)

Heavy arm
The effect sizes are Cohen’s Tight arm
d statistics for the change from Pai
baseline to end-of-study using ain arm
transformed values to meet Ache arm

assumption

*Tests of differences in the
changes between groups

**Statistically significant
changes within groups

***%All values in these cells are
effect sizes for the changes in
symptoms reported by at least
50% of the participants at
baseline
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Swelling arm

Hard arm

Appearance concerns
Less sexually attractive
Loss body confidence
Fatigue

Loss sleep

Decrease physical activity

—0.89%* —0.44%*
—0.28 —0.84
—0.44 —0.76
—0.40 -0.27
—0.66 —0.67
—1.14 —0.59
—0.33 -0.53
-0.25 —0.34
—0.21 -0.19
-0.35 —0.14
—0.29 —0.23
0.03 —0.15
—0.34 —0.32
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Table 5 Summaries of changes in impedance, arm volume, and circumferential measurements from baseline to end of study (N = 42)

Location Study group

Arm only
(N=121)

Truncal/chest/arm
(N =21)

Median [IQR]

Median [IQR]

Impedance (P = .481)*

Baseline 1.31 [1.21, 1.48]
End of study 1.26 [1.12, 1.41]
Effect size —0.31%*

Affected arm volume (P = .609)*

2346.55 [1952.38, 2661.56]

2376.53 [1934.68, 2622.99]
% Change from Baseline —0.38 [—2.56, +1.34]
Effect size —0.04

Unaffected Arm Volume (P = 471)*

2104.12 [1738.20, 2305.31]

2114.57 [1722.92, 2289.93]

Baseline (ml)
End of study (ml)

Baseline (ml)
End of study (ml)

1.25 [1.09, 1.77]
1.20 [1.05, 1.62]
—0.15%*

2526.83 [2198.08, 3346.96]
2539.93 [2168.28, 3295.97]
—2.66 [—4.20, —0.55]
—0.07

2159.26 [1811.79, 2635.06]
2114.33 [1810.88, 2639.21]

% Change from Baseline
Effect size
Circumferential measure

—0.81 [—1.69, +1.69]
+0.02
Affected

Unaffected
—0.18 [—0.49, +0.16]

—0.05 [-0.15, +0.20]

+0.17 [-0.17, 4+ 0.45]

—0.10 [-0.25, +0.21]

—0.05 [-0.22, +0.15]

—0.02 [-0.54, 4+0.30]

Hand —0.20 [-0.52, +0.17]

Effect size —0.16 —0.10
Wrist —0.20 [-0.38, 4-0.07]

Effect size —0.12 —0.01
CM10 —0.65 [—1.11, 40.03]

Effect size —0.15 +0.08
CM20 —0.25 [-0.51, 4+0.18]

Effect size —-0.07 —0.06
CM30 0.00 [—0.46, 4+0.46]

Effect size —0.03 +0.03
CM40 0.00 [—0.46, +0.28]

Effect size —0.02 +0.01
Last —0.10 [—0.80, +0.85]

Effect size

+0.07

—0.45[—-0.73, +0.16]
—0.03

—0.56 [—1.90, +0.71]
—0.04

Affected

—0.05 [-0.41, +0.49]
+0.04

—0.13 [-0.61, +0.04]
—0.07

—0.78[—1.55, —0.11]
—0.22

—0.23[—0.44, 40.20]
—0.05

—0.53[—0.99, —0.02]
—0.11

—0.30[—0.71, 4+0.04]
—0.09

—0.15[—-0.81, +0.97]
—0.05

Unaffected

—0.07 [—-0.30, +0.08]
—0.11

—0.05 [—0.30, +0.10]
—0.09

—0.10 [-0.70, +0.46]
—0.05

—0.10 [—0.33, +0.19]
0.00

—0.18 [—0.45, +0.20]
—0.06

+0.05 [—0.40, +0.32]
—0.01

+0.05 [—0.25, +1.35]
+0.11

The effect sizes are Cohen’s d statistics for the change from baseline to end-of-study using transformed values to meet assumption

*Tests of differences in the changes between groups

**Statistically significant changes within groups

truncal/chest/arm: effect size = —0.15, P = .023). The
difference in reduction between the two study groups was
not statistically significant (P = .481).

As with the previously reported bioelectrical impedance
measures, there was no statistically significant difference in
the patterns of changes in circumferential measurement and
resulting arm volume calculations between the study
groups in either the affected or unaffected arms. However,
a statistically significant reduction in affected arm volume
was seen overall with both groups combined (P = .018).
Descriptive summaries and respective within group effect

sizes for each of the arm circumferential measures are also
displayed in Table 5. Finally, as shown in Table 6, truncal
size remained largely unchanged from baseline to end-of-
study across study groups.

Discussion
Within each of the study groups, both experienced a sta-

tistically significant improvement in symptoms by the end
of the study. There was no difference based on treatment
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Table 6 Summaries of truncal
circumferences at baseline and
end of study (N = 42)

Location

Study group

Arm only (N = 21)

Median (25th, 75th IQR)

Truncal/chest/arm (N = 21)
Median (25th, 75th IQR)

Axilla (P = .320)
Baseline (cm)
End of study (cm)
Effect size

Largest chest (P = .464)

Baseline (cm)
End of study(cm)
Effect size

Xyphoid (P = .672)
Baseline (cm)
End of study (cm)
Effect size

Waist (P = .907)
Baseline (cm)
End of study (cm)
Effect size

95.9 (87.9, 99.8)
95.2 (87.8, 99.4)
—0.07

102.6 (93.2, 108.7)
103.9 (93.3, 109.7)
-+0.04

93.6 (93.3, 98.1)
91.1 (82.9, 98.8)
—0.06

93.5 (83.2, 99.6)
91.6 (82.5, 100.2)
0.00

96.2 (90.8, 101.7)
97.2 (90.6, 103.3)
0.00

103.8 (96.8, 112.5)
104.9 (95.5, 113.1)
0.00

92.9 (86.7, 101.5)
92.4 (86.4, 102.6)
—0.03

93.0 (83.5, 103.1)
92.7 (83.5, 104.3)
+0.01

Hip (P = .618)
Baseline (cm)
End of study (cm)
Effect size

The effect sizes are Cohen’s d
statistics for the change from
baseline to end-of-study using
transformed values to meet
assumption

107.9 (100.2, 118.3) 111.0 (103.7, 120.5)
108.1 (99.6, 120.7) 111.3 (102.7, 120.7)
+0.01 —0.02

group. It should be noted, however, that despite a well-
defined randomization procedure, individuals in the
experimental group (truncal/chest/arm treatment) had a
higher number of symptoms at baseline than the arm only
participants. Thus, while individuals with high symptom
burden benefited from the truncal/chest/arm treatment
configuration, it is unknown if they would have had a
similar response to the arm only treatment configuration. In
addition, while duration of lymphedema did not differ
between groups, the experimental group had developed
lymphedema more quickly after cancer treatment and at a
younger age. It is unclear if these differences impacted our
findings, but future studies should consider stratifying
samples based upon these variables.

Participants in both groups reported a high level of
function upon entry into the study; therefore it was not
surprising that no improvement was noted in either group.
This suggests that the FASQ may not be sensitive enough
to evaluate function in this population or alternatively,
overall these patients were too high functioning for this to
be a reasonable self-care outcome.

Although both bioimpedance and circumferential mea-
surements were used, we did not find the expected differ-
ences in arm size reduction based upon garment
configuration. While it is thought that opening truncal
lymph channels is needed to promote arm volume reduc-
tion, [17] there was no apparent advantage to truncal

@ Springer

decongestion in this study in patients with arm swelling
alone and no clinically evident truncal swelling. As both
groups had statistically significant improvement in symp-
toms and arm volume, truncal clearance did not appear to
play a major role in these positive outcomes. Because the
patients did not have truncal swelling upon study enroll-
ment, we did not expect truncal girth reduction, however,
neither group demonstrated any newly acquired truncal
swelling as a result of treatment or lack of treatment to the
trunk. Using physical examination and truncal measure-
ments, we were unable to palpate any fluid in the trunk,
identify asymmetrical swelling suggestive of fluid, or find a
significant difference in girth using circumferential mea-
surement. Statistical comparisons of the truncal girth at
baseline and end-of-study where not significant. Thus,
there did not appear to be a pooling of fluid when the
truncal and chest garments were not used nor were there
any other adverse events.

A recently published study on this device that utilized
near-infrared fluorescence imaging techniques to assess
lymph vessel activity offers one possible explanation for
these results [34]. Study findings demonstrated a significant
increase in lymph vessel contractility not only in treated
limbs but in non-treated areas, as well [34]. This suggests
that the unique therapeutic action provided by the device’s
dynamic pressure and release rhythm may actually increase
lymphangiomotion beyond the treated limb. Much like
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MLD, the initial pressure thrust enhances resorption of
fluid into the lymph capillaries and the subsequent release
leads to refilling of the lymph vessels. The frequency of the
filling and emptying cycle in the initial lymphatics is one of
the most important factors that influences, systemic lymph
transport [17]. The mechanism of action and the design of
this pneumatic compression device with its repetitious
treatment sequence may, therefore, overcome the need for
truncal clearance by enhancing systemic lymphatic
response. Alternatively, though not empirically tested, the
pressure settings or time allotted for truncal clearance may
have been insufficient to promote enough truncal clearance
to impact outcomes, or truncal clearance prior to arm
massage in patients without truncal swelling may not be
necessary.

Reduction of limb size in both groups suggests either
treatment configuration may be effective for self-care;
however, these findings raise several critical questions as to
the value of truncal clearance in the self-treatment of arm
lymphedema that does not extend to the trunk. This is
worth further exploration as arm only treatment takes less
time resulting in less patient burden.

Given these preliminary findings, further research with a
larger sample is needed. Such research may include studies
comparing: (1) truncal clearance pressures; (2) pressure
only to thrust and release techniques; or (3) lymphedema
treatment of the arm with and without truncal clearance in
either pneumatic devices or manual therapies. Studies of
the direct impact of the truncal garments on truncal
swelling may also be warranted. In any studies, careful
consideration should be given to the primary outcomes.
While arm volume reduction alone may be the desired
primary outcome in studies of acute treatment of lymphe-
dema, studies concerning the lymphedema self-care pop-
ulation, may best target outcomes such as symptom
reduction, self-care adherence, and arm volume stability as
these offer more clinically meaningful outcome data.
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