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Abstract

This pilot, double-blind, randomized, placebo-controlled study is aimed at
evaluating the effectiveness of low-level laser therapy (LLLT) as a complementary
treatment to complete decongestive therapy (CDT) treating lymphedema among
breast cancer patients for 12 months post-intervention. Study population was breast
cancer patients who were diagnosed and referred to lymphedema clinic for CDT.
Participants (n = 22) were randomized and assigned into either an active laser
intervention group or an inactive laser placebo-control group. Active LLLT was
administered to participants twice a week at the beginning of each CDT session.
Outcome measures included lymphedema symptoms, symptom distress, and limb
volume by an infrared perometer. Participants in the active and placebo laser groups
were comparable in demographic and clinical predictors of lymphedema. In
comparison with the placebo group (83.3%), significantly fewer participants in the
active laser group (55.6%) reported more than one lymphedema symptom (p =
0.012) at 12 months post-intervention. Significantly, more patients in the active laser
group (44.4%) reported less than two impaired limb mobility symptoms in
comparison with the placebo group (33.3%) at 12 months post-intervention (p =
0.017). The active laser group had statistically significant improvements in symptom
distress of sadness (p = 0.005) from 73 to 11% and self-perception (p = 0.030) from
36 to 0% over time from baseline to 12-months post-intervention. There was no
significant reduction in limb volume. Findings of the trial demonstrated significant
benefits of complementary LLLT for relieving symptoms and improvement of
emotional distress in breast cancer patients with lymphedema.
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Introduction

Lymphedema is a chronic and progressive condition that is characterized by the
accumulation of protein-rich lymph fluid in the interstitial spaces [1, 2, 3].
Lymphedema after breast cancer treatment is a result of damage to the axillary
lymph drainage routes caused by surgery or radiation treatment [4] and can develop
at any age and at any time [5]. Lymphedema can lead to chronic inflammation,
fibrosis, and repeated infection [1, 2, 3]. Currently there are no medical or surgical
cures for lymphedema [6]. Breast cancer survivors with lymphedema may suffer
from multiple lymphedema symptoms, including swelling, heaviness, firmness,
tenderness, pain, numbness, aching, and stiffness [7, 8, 9, 10]. Consequences of
these symptoms include physical deficits involving limb weakness and diminished
range of motion limiting an individual’s ability to perform activities of daily living
and work duties [8, 11, 12], psychological morbidity [1, 2, 8, 11], decreased quality of
life (QOL) [1, 13, 14], and for the remainder of their lifetime increases the risk of

Complete decongestive therapy (CDT) has been the standard treatment for
lymphedema [16, 17, 18]. CDT is a combination of therapies, including manual
lymphatic drainage (MLD), multilayer bandaging (MLB), compression, hygiene and
skin care, and modified exercise [1, 2, 15, 16, 18]. Daily and life-long self-
management of lymphedema is imperative to prevent worsening of the condition
and repeated infections and to ensure patients’ QOL [17, 18, 19]. Studies have shown
that components of CDT are effective in achieving initial reductions in swelling [20,
21], decreasing symptoms [22], and improving QOL [16, 22]. Due to the chronic
nature of the condition, maintaining the benefits gained during a course of CDT can
be challenging for individuals over time [2].

Low-level laser therapy (LLLT) is a conservative therapy utilizing nonionizing light
sources that has been used in the treatment of lymphedema for breast cancer
patients [4]. Studies have shown benefits using LLLT in this population [23, 24, 25,
26, 27], with proposed mechanisms of action supporting use of this device on human
tissues. The basic mechanism for the use of low-level light for therapeutic benefit
includes light absorption, targeting and activating cytochrome c oxidase in the
mitochondrial membrane, leading to greater consumption of cellular oxygen and
ultimately increased metabolic energy production [28], which is used for cellular
repair. Research on the use of this laser at low-intensity wavelengths suggest effects
at the cellular level [29] with increased lymphangiogenesis [30] and stimulation of
lymphatic motoricity [31, 32] facilitating removal of excess protein-rich fluid, and
stimulation of macrophage cells and the immune system [30, 33] which decrease the
risk of infection. Studies have reported LLLT to be effective in softening fibrous
tissue [4, 32] and surgical scars [34], reducing pain [4, 34], reducing arm volume
[34, 35, 36], and improving QOL in the breast cancer population [33]. Long-term
benefits have been documented in the literature using LLLT in this population in
limited studies [32, 33, 35, 36], with a 12-month follow-up in one study [35], and a
2.5 year follow-up in one study [32]. In November 2006, the Food and Drug



Administration approved the use of the RianCorp LTU-904 low-level laser (LLL) for
treatment of post-mastectomy lymphedema [37]. Published studies on the
effectiveness of LLLT are currently limited due to lack of research design involving
double-blind and placebo-control randomization. In addition, there are limited
published studies on the effectiveness of LLLT as a complementary treatment to the
standard care of CDT for breast cancer survivors. Thus, the purpose of the study was
to evaluate whether the use of LLLT as a complementary treatment to CDT would
result in additional improvement and long-term benefits to individuals with
lymphedema. The primary outcomes were lymphedema symptoms, limb volume,
and QOL. We hypothesized that more patients in the active laser group would have
fewer symptoms and less symptom distress, better limb volume, and greater
treatment adherence than patients in the inactive laser group.

Materials and methods

This study was approved by the Institutional Review Board (IRB) of a larger
metropolitan health system and was registered as clinical trial #10-00923.
Physicians and nurse practitioners referred potential participants from March 2011,
to June 2016. To be enrolled in the trial, potential participants who were willing to
participate in the trial had to (1) meet the inclusion and exclusion criteria (Table 1)
and (2) obtain written approval from their referring physician, who agreed to allow
the patient to participate in the trial.

Table 1

Study selection criteria
Inclusion criteria Exclusion criteria
Female subjects Active or metastastic cancer

Currently receiving or have
21 years age or older plans for adjuvant radiation
or chemotherapy

Pregnant

Unilateral breast cancer with ipsilateral lumpectomy
or mastectomy and lymph node dissection (sentinel

] _ ) ) Presence of other extremity
biopsy or axillary dissection)

lymphedema (primary or
secondary)

Pacemaker



Breast reconstruction was either immediate or
delayed Artificial joints in the upper

quadrants

Stage II or III unilateral secondary upper extremity
lymphedema (as defined by the International Society Renal failure

of Lymphology)
Arterial insufficiency

Congestive heart failure
Girth > 2 cm circumferential difference and/or

volume > 200 mL compared with the uninvolved

upper extremity at any 4 cm segment Chronic inflammatory
conditions

History of deep vein
thrombosis in the
lymphedematous upper
extremity

Previous treatment with low-

level laser (regardless of
Able to commit to a long-term follow-up schedule indication)

Medication(s) known to
affect body fluid balance

Body mass index (BMI) > 40
(morbid obesity)

Study design

A double-blind, randomized, placebo-controlled design was used for this pilot study
to explore the effectiveness of LLLT on lymphedema as a complementary
intervention to CDT when compared with CDT treatment alone. The primary
outcomes were lymphedema symptoms, limb volume, and QOL. We hypothesized
that patients in the active laser group would have significantly fewer symptoms,
better limb volume, and improved QOL in comparison with those in the inactive
laser group.



Participants

Oncologists affiliated with the medical center were informed about the trial. Women
who came to the clinic for a lymphedema evaluation were offered a study flyer for
participation into the trial. Fifty-four women who met the inclusion criteria were
identified. Twenty-two women agreed to participate in the study. Informed consent
was obtained from all participants, and subjects were randomized into either an
active laser group or an inactive laser group. One subject consented to the study and
was randomized, then changed her mind before data collection was performed, so a
total of twenty-one women participated in the study (Fig. 1).

54 patients identified as eligible

Excluded (n=32): time commitment related
_ |issues (16), declined use of MLB (4), did
* | not meet inclusion criteria (3), declined
participation (4), declined use of LLLT (3)

A

Consented and Randomized (n=22)

Active LLLT + CDT Inactive LLLT + CDT
N=11 N=11

Losses (1): skin _
discomfort left lateral [ » Losses (1): surgery
trunk Y

Completed Intervention
v (visits 1-3) v

n=10 n=9

Losses (3): 1 wrist
Losses (1): moved outof | fracture; 2 missed final
the country v ®| visit in scheduled time

frame
Completed Trial at 12 month
follow-up

FIG.1

Study flow chart

Randomization and blindness

After participants signed the informed consent, they were randomized and assigned
into either an active laser intervention group (laser group) or an inactive laser
placebo-control group (placebo group) using a non-stratified permuted-block
design. Varying block sizes were used to minimize the possibility of predicting the
allocation sequence. The study’s statistician, who was not involved in treatment
intervention or data collection, performed the randomization. Participants were
blinded to the laser allocation. Lymphedema therapists and research assessors who
collected outcomes data were also blinded to the randomization of group allocation,
as well as to the allocation of the active and inactive laser devices. All clinicians who
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administrated the laser therapy were blinded to the allocation of the lasers. This was
made possible because both the active and inactive laser device presented the same
red light during the treatment.

Treatment description

Since CDT has been the standard treatment for breast cancer-related lymphedema
(BCRL) [6], all study participants received CDT in this trial. The detailed description
of CDT can be found in Table 2. The use of LLL (the LTU-904 laser by RianCorp)
was added to CDT. The study utilized a total of 4 lasers, 2 active and 2 inactive laser
devices, which were pre-calibrated to provide either active or placebo laser
treatment. This information was blinded to participants, lymphedema therapists,
and researchers who evaluated outcome measures. Lymphedema therapists were
trained in the application of the LLL, and complementary LLLT was administered
twice a week at the beginning of each lymphedema treatment session before CDT.

Table 2

Complete decongestive therapy components



Manual A gentle, hands-on technique that mobilizes the protein-rich fluid
lymphatic commonly associated with lymphedema back into the body’s
drainage central system to be effectively removed.

Multiple layers of low elastic bandages are applied on the

Multilayer lymphedematous arm to aid in the muscle pump action to increase
bandaging the return of the protein-rich fluid back into the body’s central
system.

Therapeutic exercise when used in conjunction with multilayer

Exercise . : .
bandaging aids to further enhance the muscle pump action.

Education on posture, body mechanics, skincare, and lymphedema

Education . . o .
precautions are given to optimize functional movement.

Compression Compression sleeve and gauntlet/glove to be utilized for daytime
garments use during the self-management phase.

A multichamber vasopneumatic compression device used as an

i adjunct t 1 hatic drai , multilayer bandaging, and
Vasopneumatic adjunct to manual lymphatic dralnage, multiiay ging

. exercise, providing sequential, gradient compression which exerts
compression

light, gentle, external pressure on the affected extremity and chest
wall to assist with movement of lymph fluid.

An individualized plan of care to manage the arm lymphedema
upon discharge when circumferential measurements have reached
Self- a plateau and maximal gains both in girth and soft tissue have been
management achieved. This can include a combination use of compression
garments, self-manual lymphatic drainage, self-multilayer
bandaging, exercise, and a vasopneumatic compression device.

LLLT was performed using a standardized fabric treatment grid made from cut
fabric sheets. The grid was pre-fashioned with 40 punctured holes as marked
treatment sites, and the holes were divided into four color-coded groups: red, blue,
green, and black. The holes alternated colors to allow for spacing of > 2 cm between
consecutive same-colored holes. Participants were given their own fabric treatment
grid to be used for the duration of the study. The fabric grid was draped over the
underarm and medial to lateral chest wall of the affected upper quadrant using pre-
determined anatomical landmarks to ensure consistency with each treatment. The
laser treatment was applied with the participant positioned in supine with the
affected arm abducted to 90° (Fig. 2). The laser was applied over the standardized
grid using a corresponding set of color-coded holes alternating each session on a 4-
week cycle (Fig. 3). LLLT was applied on the high setting for 1 min at each of 10 sites
in the axilla and a portion of the chest wall on the affected side, for a total of 8—16



sessions depending on the time frame needed to achieve clinical goals. The dose per
application site was 1.5 J per centimeter squared (J/cm2), for a total dose of
15 J/cm2 delivered at each treatment session.

Fig. 2

Laser treatment applied with the patient in supine, affected arm
abducted to 90°
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Treatment Session Color
Numbers

1,5,9, 13 Red
2,6,10, 14 Blue
3,7,11, 15 Green
4,8,12, 16 Black

Fig. 3

Standardized fabric treatment grid and treatment session assignment

Procedures

Members of the research team who were blind to the randomization of the LLL
device collected data. Lymphedema therapists were trained in the application of
LLLT. Both groups received individualized CDT as determined by their treating
therapist. Treatment sessions using LLLT as an adjunct to CDT ranged between 8
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and 16 sessions, with the final number of visits for each subject determined by the
time needed to achieve maximal circumferential reduction as assessed by girth
measurements, and palpation of soft tissue texture/density improvement.
Demographic and medical information was obtained at the first visit after
evaluation. Data collection of selected outcome measures was performed at the first
visit after evaluation, after 8 treatment sessions, after the final treatment session,
and at long-term follow-up at 3, 6, and 12 months (Table 3). We followed the
research procedures used in our prior studies [38, 391, including use of the
perometer as recommended by the manufacturers [38, 39, 40]. Protection of human
subjects was ensured by following the guidelines set forth by the IRB. Each
participant signed the written consent to the study.

Table 3

Schedule for data collection and treatment intervention

Screening Demographic and Outcome LLLT
Research visits and medical and
. ] measures
consent information CDT
Evaluation X
Visit 1 X X
Intervention (sessions
X
#1—-8)
Visit 2 X
Intervention (total
sessions range from #9 X
to 16)
Visit 3 X
Visit 4 (3 month follow- <
up)
Visit 5 (6 month follow- <
up)
Visit 6 (12 month <

follow-up)



Clinical and outcome measures

Demographic and medical information

A structured interview tool was used to gather demographic and medical
information [38, 39, 40]. Demographic and medical data collected included age,
ethnicity, occupation, education, diagnosis, treatment, nodal status, numbers of
lymph nodes removed, co-morbidities, and family and medical history (such as
breast cancer history, breast cancer gene status, and family history of lymphedema).
Medical information was verified by reviewing participants’ medical records as
needed.

Height and BMI

Height was measured without shoes on to the nearest 0.1 cm with a portable
stadiometer. An electrical bioimpedance device (InBody 520, Biospace Co., Ltd.) was
employed to measure the weight, and the device automatically calculated BMI using
the formula: weight (kg)/height (m?®) [39].

Lymphedema symptoms and symptom distress

The lymphedema and breast cancer symptom experience index (BCLE-SEI) is a
valid, reliable, 5-point Likert-type self-report instrument to assess symptoms related
to lymphedema or fluid accumulation [40, 41, 42]. This instrument consists of two
parts, one evaluating the occurrence of lymphedema symptoms and another
evaluating QOL in terms of symptom distress. The lymphedema symptom
assessment (part 1) assesses impaired limb mobility in the shoulder, arm, elbow,
wrist, and fingers. It also assesses arm swelling, breast swelling, chest wall swelling,
heaviness, firmness, tightness, stiffness, numbness, tenderness,
pain/aching/soreness, redness, blistering, burning, stabbing, tingling (pain and
needles), hotness, seroma, and limb fatigue/weakness. Symptom distress (part 2)
evaluates the adverse impact and suffering evoked by one’s experience of
lymphedema symptoms [40, 41, 42]. Symptom distress includes dimensions of daily
living, social function, sleep disturbance, sexuality, emotional/ psychological
distress, and days absent from work.

Infrared perometer measurement of limb volume

Perometry was performed on each arm as it was held horizontally. The Perometer
350S maps a 3-dimensional graph of the affected and non-affected extremities using
numerous rectilinear light beams and interfaces with a computer for data analysis
and storage. A 3-dimensional limb image was generated and LV was calculated. This
optoelectronic method has a standard deviation of 8.9 ml (arm), less than 0.5% of
LV with repeated measuring. Procedures for perometry were based on protocol used
in other research [21].



Statistical analysis

Demographic and treatment variables

Adherence to the Research Program we defined participants’ adherence to the
research program as patients having completed each follow-up visit without loss to
follow-up. SPSS version 22 (IBM, Armonk, NY, USA) was used for statistical
analysis. Descriptive statistics were calculated for baseline demographic (age,
weight, BMI, percentage of body fat, marital status, employment, retirement status,
disability) and clinical characteristics (primary cancer stage, secondary cancer stage,
mastectomy, lumpectomy, chemotherapy, radiation, auxiliary lymph node
treatment, lymph nodes removed, family history of lymphedema) overall and within
each treatment arm. All point estimates were generated with 95% confidence
intervals. Mean and standard deviations were used to summarize continuous
variables; frequencies and percentages were used to summarize categorical
variables.

Lymphedema symptoms, limb volume, and QOL

Because even a 5% limb volume increase enables detectable differences in QOL,
lymphedema was defined as a perometer measurement of > 5% limb volume
increase in the ipsilateral arm in comparison with the changes in the contralateral
arm [43]. As the 24 lymphedema symptoms denote clusters of symptoms, i.e.,
groups of more than two symptoms that occur together, to indicate different
biological mechanism [43], we categorized the 24 symptoms into three identifying
symptom clusters of impaired limb mobility (Iimb mobility in the shoulder, arm,
elbow, wrist, and fingers, tightness and stiffness), fluid accumulation symptoms
(arm swelling, breast swelling, chest wall swelling, seroma, heaviness, and firmness),
and pain/discomfort symptoms (pain/aching/soreness, numbness, tenderness,
redness, blistering, burning, stabbing, tingling, hotness, limb fatigue/weakness).

Distributions of the outcome variables, including (a) limb volume by perometer >
5%, (b) count of lymphedema symptoms (0 vs 1—24 symptoms), (¢) symptom
clusters (reporting 2 or more symptoms related to impaired limb mobility, fluid
accumulation, and pain/discomfort), and (d) symptom distress, were summarized at
each time point (visit 1 to visit 6) and associations with laser treatment groups
(active versus inactive) were estimated. Chi-square analyses were performed to
estimate for the associations between categorical demographic and clinical
predictors and laser treatment groups. Fisher’s exact tests were conducted when
data did not meet the assumptions of Pearson’s chi-square (cells with expected
counts < 5). Independent group t tests were used to compare groups on continuous
variables.

Results



Participant characteristics

At baseline, the demographic and clinical predictors of the two treatment groups
were comparable, as no significant differences existed between both groups in terms
of BMI, age, treatment variables, axillary lymph node procedures, and numbers of
lymph nodes removed (Table 4). As a result, the randomization scheme created two
relatively similar patient profiles. The mean age of both groups was between 60 and
64 years of age. Seventy-three percent of the women in the laser group were
married, while only 30% of the women in the placebo group were married.
Employment status was similar in both groups, with 64% employed in the laser
group and 70% in the placebo group. Approximately 60% of the women in both
groups had mastectomy, 90% underwent chemotherapy, and over 90% had
radiation and axillary lymph node dissection. The mean number of lymph nodes
removed for women in the placebo group was 16 total nodes with 5 of them positive,
and for women in the laser group was 17 total nodes with 8 of them positive. Less
than 10% of all participants in the study reported a family history of lymphedema.

Table 4

Participants’ demographic and treatment characteristics at baseline

Inactive laser Active laser p value

Mean age (SD) 59.60 (7.28) 63.64 (10.69) 0.330
Married 30.0% (3/10) 72.7% (8/11) 0.086
Employed 70.0% (7/10)  63.6% (7/11) 1.000
Unemployed 33.3% (1/3) 25.0% (1/4) 1.000
Retired 66.7% (2/3) 50.0% (2/4)
Disability 0.0% (0/3) 25.0% (1/4)
Cancer stage 0.417
1 10.0% (1/10)  27.3% (3/11)

2 40.0% (4/10) 27.3% (3/11)



3 50.0% (5/10)

Unknown 0.0% (0/10)

Cancer secondary stage

a 30.0% (3/10)
b 30.0% (3/10)
¢ 10.0% (1/10)
Unknown 30.0% (3/10)
Mastectomy 60.0% (6/10)
Lumpectomy 40.0% (4/10)
Chemotherapy 90.0% (9/10)
Radiation 90.0% (9/10)
No treatment 0.0% (0/10)

Axillary lymph node procedure

SLNB 10.0% (1/10)

ALND 90.0% (9/10)

None 0.0% (0/10)
Lymph nodes removed

Average # of positive nodes (SD) 4.57 (4.28)

Average total # of nodes removed (SD) 15.75 (6.50)

27.3% (3/11)

18.2% (2/11)

0.220

12.5% (1/8)

0.0% (0/8)

12.5% (1/8)

75.0% (6/8)

63.6% (7/11) 1.000

54.5% (6/11) 0.670

90.9% (10/11) 1.000

100.0% (11/11) 0.476

0.0% (0/11) -

0.0% (0/11)  0.476

100.0% (11/11) 0.476

0.0% (0/11) -

7.67 (6.36) 0.288

17.00 (6.80) 0.705



Family history of lymphedema 0.0% (0/10) 9.1% (1/11) 1.000

Body mass index (BMI) mean (SD) 26.55 (5.42) 27.56 (6.26) 0.700

Outcome variables: (Table 35)

Lymphedema symptoms

In comparison with the placebo group (83.3%), significantly fewer participants in
the laser group (55.6%) reported more than one lymphedema symptom (p = 0.012)
at 12-months post-intervention. Significantly more patients in the laser group
(44.4%) reported less than two of the seven symptoms of impaired limb mobility
(limb mobility in shoulder, arm, elbow, wrist and fingers, tightness and stiffness) in
comparison with the placebo group (33.3%) at 12-month post-intervention (p =
0.017). There were no significant changes in symptoms of fluid accumulation (arm
swelling, breast swelling, chest wall swelling, seroma, heaviness, and firmness) and
pain/discomfort symptoms (pain/aching/soreness, numbness, tenderness, redness,
blistering, burning, stabbing, tingling, and pain/discomfort).

Table 5
Outcome variables
aser Visit 1 Visit2 Visitg Visit4 Visit Visit6 p a
group value

Numbers of lymphedema symptoms reported (0 vs 1—24 symptoms)

Inactive Eféfo%) (()9/3?0%) (77/3.8%) (642.7%) ?ég.g%) ?ég.g%) 0720
Active Ec/i)l.o%) Efcffo%) Z7/(1)(.)0%) (66/2.7%) ?5/:)(.)0%) ?5/;).6%) 0-012
O O R O R AT
Impaired limb mobility symptoms reported (< 2 vs 2 +)

nactive  2/1© 8/10 5/9 5/7 4/6 2/6 0.235

(90.0%) (80.0%) (55.6%) (71.4%) (66.7%) (33.3%)



10/11 9/10 4/10 4/9 4/10

Acti
T (90.9%)  (90.0%)  (40.0%) (44.4%) (40.0%)

19/21 17/20 9/19 9/16 8/16

Total
O (90.5%)  (85.0%) (47.4%) (56.3%) (50.0%)

Fluid accumulation symptoms reported (< 2 vs 2 +)

Inactive 8/10 8/10 6/9 4/7 5/6
(80.0%) (80.0%) (66.7%) (57.1%) (83.3%)

Active 7/11 5/10 5/10 5/9 3/10
(63.6%) (50.0%) (50.0%) (55.6%) (30.0%)

Total 15/21 13/20 11/19 9/16 8/16

(71.4%)  (65.0%) (57.9%) (56.3%) (50.0%)

Pain/discomfort symptoms reported (< 2 vs 2 +)

Inactive 3/10 3/10 2/9 1/7 2/6
(30.0%) (30.0%) (22.2%) (14.3%) (33.3%)

Active 5/11 4/10 0/10 0/8 1/10
(45.5%) (40.0%) (0.0%) (0.0%) (10.0%)

Total 8/21 7/20 2/19 1/15 3/16

(38.1%) (35.0%) (10.5%) (6.7%) (18.8%)

Sadness item reported (< 2 vs 2 + on the Likert scale)

mactive 7/ 1© 4/10 2/9 2/7 2/6
(70.0%) (40.0%) (22.2%) (28.6%) (33.3%)

Active 8/11 5/10 2/10 4/9 3/10
(72.7%)  (50.0%) (20.0%) (44.4%) (30.0%)

Total 15/21 9/20 4/19 6/16 5/16

(71.4%)  (45.0%) (21.1%) (37.5%) (31.3%)

Self-perception item reported (< 2 vs 2 + on the Likert scale)

4/9
(44.4%)

6/15
(40.0%)

3/6
(50.0%)

3/9
(33.3%)

6/15
(40.0%)

1/6
(16.7%)

0/9
(0.0%)

1/15
(6.7%)

1/6
(16.7%)

1/9
(11.1%)

2/15
(13.3%)

0.017

0.002

0.706

0.672

0.506

0.282

0.063

0.005

0.958

0.005

0.059



: 2/10 2/10 2/9 2/7 1/6 1/6
I )
nactive (20.0%) (20.0%) (22.2%) (28.6%) ((16.7%) (16.7%) 1.000

, 4/11 3/10 1/10 0/9 0/10
A .0%) o.
ctive (36.4%) (30.0%) (10.0%) (0.0%) (0.0%) 0/9(0.0%) 0.030
6/21 5/20 3/19 2/16 1/16 1/15
Total .
Ol (08.6%) (25.0%) (15.8%) (125%) (6.3%) (6.7%) 4O
Limb volume change (< 5% vs 5% +)
. 10/10 9/10 7/9 5/6 5/6 5/5
Inact .6
Ractive (100.0%) (90.0%) (77.8%) (83.3%) (83.3%) (100.0%) 0-614
: 11/11 6/9 7/9 8/8 7/9 5/8
Act 118
Ve (100.0%) (66.7%) (77.8%) (100.0%) (77.8%) (62.5%)
100.0% 78.9% 77.8% 02.9% 80.0% 76.9%
Total 0.141
(21/21)  (15/19)  (14/18) (13/14) (12/15) (10/13)
Adherence to complete decongestive therapy
, 10/10 10/10 9/10 7/10 6/10 6/10
t .
Inactive (100.0%) (100.0%) (90.0%) (70.0%) (60.0%) (60.0%) 0-037
: 11/11 10/11 10/11 9/11 10/11 9/11
A .
ctive (100.0%) (90.9%) (90.9%) (81.8%) (90.9%) (81.8%) 0-932
Total 21/21 20/21 19/21 16/21 16/21 15/21 .06

(100.0%) (95.2%) (90.5%) (76.2%) (76.2%) (71.4%)

aFisher’s exact test due to small cell counts

Symptom distress

The laser group had statistically significant improvements in symptom distress of
sadness (p = 0.005) from 73 to 11% and self-perception (p = 0.03) from 36 to 0%
over time from visit 1 to visit 6. The placebo group did not show a correspondingly
significant decrease in the reporting of any total number of symptoms, impaired



limb mobility, symptom distress, or improvements in social functioning. There were
no significant improvements in the dimensions of daily living, sleep disturbance,
sexuality, and days absent from work.

Limb volume

The laser group had a significant decrease in the percentage of participants from 100
to 63% (p = 0.118) who had > 5% limb volume prior to intervention to < 5% limb
volume after intervention, while the placebo group did not achieve a significant
decrease (100 to 78%; p = 0.614). Yet, the changes were not statistically significant in
either the laser or placebo groups.

Adherence rates

The placebo group had a significant decrease in adherence rates from 100 to 60% (p
= 0.037), while the laser group maintained an adherence rate above 80% throughout
the entire study (p = 0.932).

Discussion

Results from this trial showed that the addition of LLLT to CDT did help patients
significantly improve their lymphedema symptom experience by decreasing the
number of lymphedema symptoms and relieving impaired limb mobility symptoms.
LLLT also helped to improve emotional distress from lymphedema symptoms,
including sadness and self-perception. By reducing the number of lymphedema
symptoms, relieving symptoms of impaired limb mobility, and improving emotional
distress, LLLT played an important role in treating lymphedema, focusing on
symptom management in breast cancer patients with lymphedema. Inconsistent
with other studies [25, 36, 441, findings of our trial did not show statistically
significant changes in limb volume in either group, although the laser group does
show a decrease in limb volume of > 5% from 100 to 63%. The insignificance of limb
volume in this study may be a result of the small power with a sample size n = 21.

Future research should have a larger sample size focusing on the effect of laser
treatment on limb volumes. Research suggests, however, that arm volume reduction
alone may not provide adequate relief of symptoms and may contribute to poorer
QOL among breast cancer patients [13, 14]. Ridner found that cumulative symptom
experience was found to be influenced more by the perception of arm volume than
by the objective arm volume. Thus, lymphedema symptoms and symptom distress
may be more sensitive indicators for evaluating the effects of lymphedema treatment

[13].

Adherence to CDT during the initial intensive phase of treatment and the
maintenance phase of therapy has been identified as an obstacle for long-term self-
management of this condition to achieve optimal outcomes [45]. Our trial found that
significantly more patients in the placebo group failed to follow up at the research



visits while over 80% of the patients in the laser group maintained adherence to
research follow-up visits. With a greater understanding of the impact of symptom
burden reduction resulting from treatment intervention, individuals who make
significant gains in symptom reduction and decreased pain from treatment
intervention may be more motivated to adhere to their treatment protocol and to
long-term follow-up visits in the future.

The ultimate goal of lymphedema treatment is to relieve suffering. Based on results
from this study, LLLT should be considered a complementary therapy to CDT to
relieve symptoms and symptom distress, in turn helping patients to achieve optimal
outcomes of CDT by motivating patient adherence.

Strengths and limitations of the trial

The strengths of the study included a rigorous study design with a long-term follow-
up of 12 months, while a majority of published studies utilized a shorter follow-up
period of approximately 3—6 months. Outcome measures in this study included a
combination of subjective and objective measurements with the ability to not only
capture changes in symptoms and symptom distress but also limb volume by
infrared perometer, a more rigorous measure of limb volume than tape measures
used by a majority of the studies [25, 31, 32, 34, 35, 36, 44]. Another strength in this
study was the use of a standardized fabric grid during treatment sessions to insure
consistency in the location of treatment points. The grid had four different color-
coded groups of holes which enabled the use of alternating laser points of
application from session to session to ensure quality and safety of treatment.

There are several limitations of this study. Because the goal of the study was to
examine the use of the LLL as a complementary treatment to CDT, the study
protocol required continuous adherence to CDT during the treatment portion of the
study and required long-term follow-up appointments. Both of these requirements
presented challenges in the recruitment of subjects, as many potential participants
for the study were unwilling to participate for one or both reasons. There were
several enrolled subjects who were unable to complete the study. Only one subject in
the laser group dropped out of the study as she complained about discomfort in the
chest wall. Other participants were lost to follow-up for reasons unrelated to the
study (Fig. 1). As a result of these challenges, the sample size of the study was small,
so findings from this study should be considered with caution. Future research
should investigate the effectiveness of LLLT as sole treatment modality for
lymphedema in comparison to LLLT as the complementary therapy to CDT.

Conclusion

Results from this pilot study show significant benefit of LLLT in combination with
CDT for symptom burden reduction in individuals with BCRL, but did not show
additional benefit for limb volume reduction. In the future, best practice for BCRL
assessment would include a combination of limb volume measurement and



comprehensive symptom assessment, as this pathology has been shown to have an
impact in both areas. For future studies, a larger sample size with a rigorous study
design focusing on the effectiveness of LLLT as the sole treatment for the BCRL
population is indicated to make more definitive conclusions.

Notes

Acknowledgments

We thank RianCorp for loaning us the active and inactive low-level laser devices.

Authors’ contribution

(1) Conception and design: Mei R. Fu, Ting-Ting Kuo, Laurie Kilmartin, Tara
Denham.

(2) Administrative support: Tara Denham.
(3) Provision of study material or patients: Deborah Axelrod, Amber A. Guth.

(4) Data collection and assembly: Mei R. Fu, Laurie Kilmartin, Ting-Ting Kuo, Aaron
Beattie.

(5) Data analysis and interpretation: Mei R. Fu, Gary Yu, Laurie Kilmartin, Tara
Denham.

(6) Manuscript writing: All authors.

(7) Final approval of manuscript: All authors.

Compliance with ethical standards

Disclosure

The design and contents of the study are solely the responsibility of the authors and
do not necessarily represent the views of RianCorp. The funders had no role in the
study design, data collection and analysis, decision to publish, or preparation of the
manuscript.

Ethical approval

All procedures performed in studies involving human participants were in
accordance with the ethical standards of the institutional and/or national research
committee and with the 1964 Helsinki declaration and its later amendments or



comparable ethical standards.

List of products used: RianCorp LTU 904 low-level laser.

Conflict of interest

The authors declare no conflict of interest except the loan of the active and inactive
low-level laser devices.

Publisher’s note

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

References

1. Lawenda BD, Mondry TE, Johnstone PA (2009) Lymphedema: a primer on
the identification and management of a chronic condition in oncologic
treatment. CA Cancer J Clin 59(1):8—-24
CrossRef (https://doi.org/10.3322/caac.20001)

Google Scholar (http://scholar.google.com/scholar_lookup?
title=Lymphedema%3A%20a%20primer%20o0n%20the%20identification%z2
oand%20management%200f%20a%20chronic%20condition%20in%200ncol
ogic%20treatment&author=BD.%20Lawenda&author=TE.%20Mondry&auth
or=PA.%20Johnstone&journal=CA%20Cancer%20J %20Clin&volume=59&is
sue=1&pages=8-24&publication_year=2009)

2. Warren AG, Brorson H, Borud LJ, Slavin SA (2007) Lymphedema: a
comprehensive review. Ann Plast Surg 59(4):464—-472
CrossRef (https://doi.org/10.1097/01.sap.0000257149.42922.7¢€)
Google Scholar (http://scholar.google.com/scholar_lookup?
title=Lymphedema%3A%20a%20comprehensive%20review&author=AG.%2
oWarren&author=H.%20Brorson&author=LJ.%20Borud&author=SA.%20Sl
avin&journal=Ann%20Plast%20Surg&volume=59&issue=4&pages=464-
472&publication_year=2007)

3. Rockson SG (2006) Addressing the unmet needs in lymphedema risk
management. Lymphat Res Biol 4(1):42—46
CrossRef (https://doi.org/10.1089/Irb.2006.4.42)
Google Scholar (http://scholar.google.com/scholar_lookup?
title=Addressing%20the%20unmet%20needs%20in%20lymphedema%20ris
k%20management&author=SG.%20Rockson&journal=Lymphat%20Res%20
Biol&volume=4&issue=1&pages=42-46&publication_year=2006)

4. Moseley ALCC, Piller NB (2007) A systematic review of common conservative
therapies for arm lymphedema secondary to breast cancer treatment. Ann
Oncol 18(4):639—646


https://doi.org/10.3322/caac.20001
http://scholar.google.com/scholar_lookup?title=Lymphedema%3A%20a%20primer%20on%20the%20identification%20and%20management%20of%20a%20chronic%20condition%20in%20oncologic%20treatment&author=BD.%20Lawenda&author=TE.%20Mondry&author=PA.%20Johnstone&journal=CA%20Cancer%20J%20Clin&volume=59&issue=1&pages=8-24&publication_year=2009
https://doi.org/10.1097/01.sap.0000257149.42922.7e
http://scholar.google.com/scholar_lookup?title=Lymphedema%3A%20a%20comprehensive%20review&author=AG.%20Warren&author=H.%20Brorson&author=LJ.%20Borud&author=SA.%20Slavin&journal=Ann%20Plast%20Surg&volume=59&issue=4&pages=464-472&publication_year=2007
https://doi.org/10.1089/lrb.2006.4.42
http://scholar.google.com/scholar_lookup?title=Addressing%20the%20unmet%20needs%20in%20lymphedema%20risk%20management&author=SG.%20Rockson&journal=Lymphat%20Res%20Biol&volume=4&issue=1&pages=42-46&publication_year=2006

CrossRef (https://doi.org/10.1093/annonc/mdl182)

Google Scholar (http://scholar.google.com/scholar_lookup?
title=A%20systematic%20review%200f%20common%20conservative%20the
rapies%20for%20arm%20lymphedema%20secondary%20to%20breast%20c
ancer%2otreatment&author=ALCC.%20Moseley&author=NB.%20Piller&jou
rnal=Ann%200ncol&volume=18&issue=4&pages=639-
646&publication_year=2007)

Norman SA, Localio AR, Potashnik SL, Simoes Torpey HA, Kallan MJ, Weber
AL et al (2009) Lymphedema in breast cancer survivors: incidence, degree,
time course, treatment, and symptoms. J Clin Oncol 27(3):390—397
CrossRef (https://doi.org/10.1200/JC0O.2008.17.9291)

Google Scholar (http://scholar.google.com/scholar_lookup?
title=Lymphedema%20in%20breast%20cancer%20survivors%3A%20incide
nce%2C%20degree%2C%20time%20course%2C%20treatment%2C%20and %
20symptoms&author=SA.%20Norman&author=AR.%20Localio&author=SL.
%20Potashnik&author=HA.%20Simoes%20Torpey&author=MJ.%20Kallan
&author=AL.%20Weber&journal=J%20Clin%200ncol&volume=27&issue=3
&pages=390-397&publication_year=2009)

Fu MR, Deng J, Armer JM. Putting evidence into practice: cancer-related
lymphedema. Clin J Oncol Nurs 2014;18 Suppl:68—79

Google Scholar (https://scholar.google.com/scholar?
q=Fu%20MR%2C%20Deng%20J%2C%20Armer%20JM.%20Putting%20evi
dence%20into%20practice%3A%20cancer-
related%20lymphedema.%20Clin%20J%200ncol%20Nurs%202014%3B18%
20Suppl%3A68%E2%80%9379)

Armer JM, Radina ME, Porock D, Culbertson SD (2003) Predicting breast
cancer-related lymphedema using self-reported symptoms. Nurs Res
52(6):370—-379

CrossRef (https://doi.org/10.1097/00006199-200311000-00004)

Google Scholar (http://scholar.google.com/scholar_lookup?
title=Predicting%20breast%20cancer-
related%20lymphedema%20using%20self-
reported%20symptoms&author=JM.%20Armer&author=ME.%20Radina&a
uthor=D.%20Porock&author=SD.%20Culbertson&journal=Nurs%20Res&vol
ume=52&issue=6&pages=370-379&publication_year=2003)

Fu MR, Rosedale M (2009) Breast cancer survivors’ experiences of
lymphedema-related symptoms. J Pain Symptom Manag 38(6):849—-859
CrossRef (https://doi.org/10.1016/j.jpainsymman.2009.04.030)

Google Scholar (http://scholar.google.com/scholar_lookup?
title=Breast%20cancer%20survivors % E2%80%99%20experiences%200f%20
lymphedema-
related%20symptoms&author=MR.%20Fu&author=M.%20Rosedale&journa
1=J%20Pain%20Symptom%20Manag&volume=38&issue=6&pages=849-
859&publication_year=2009)

Kosir MA, Rymal C, Koppolu P, Hryniuk L, Darga L, Du W et al (2001)
Surgical outcomes after breast cancer surgery: measuring acute lymphedema.
J Surg Res 95(2):147-151

CrossRef (https://doi.org/10.1006/jsre.2000.6021)

Google Scholar (http://scholar.google.com/scholar_lookup?



https://doi.org/10.1093/annonc/mdl182
http://scholar.google.com/scholar_lookup?title=A%20systematic%20review%20of%20common%20conservative%20therapies%20for%20arm%20lymphedema%20secondary%20to%20breast%20cancer%20treatment&author=ALCC.%20Moseley&author=NB.%20Piller&journal=Ann%20Oncol&volume=18&issue=4&pages=639-646&publication_year=2007
https://doi.org/10.1200/JCO.2008.17.9291
http://scholar.google.com/scholar_lookup?title=Lymphedema%20in%20breast%20cancer%20survivors%3A%20incidence%2C%20degree%2C%20time%20course%2C%20treatment%2C%20and%20symptoms&author=SA.%20Norman&author=AR.%20Localio&author=SL.%20Potashnik&author=HA.%20Simoes%20Torpey&author=MJ.%20Kallan&author=AL.%20Weber&journal=J%20Clin%20Oncol&volume=27&issue=3&pages=390-397&publication_year=2009
https://scholar.google.com/scholar?q=Fu%20MR%2C%20Deng%20J%2C%20Armer%20JM.%20Putting%20evidence%20into%20practice%3A%20cancer-related%20lymphedema.%20Clin%20J%20Oncol%20Nurs%202014%3B18%20Suppl%3A68%E2%80%9379
https://doi.org/10.1097/00006199-200311000-00004
http://scholar.google.com/scholar_lookup?title=Predicting%20breast%20cancer-related%20lymphedema%20using%20self-reported%20symptoms&author=JM.%20Armer&author=ME.%20Radina&author=D.%20Porock&author=SD.%20Culbertson&journal=Nurs%20Res&volume=52&issue=6&pages=370-379&publication_year=2003
https://doi.org/10.1016/j.jpainsymman.2009.04.030
http://scholar.google.com/scholar_lookup?title=Breast%20cancer%20survivors%E2%80%99%20experiences%20of%20lymphedema-related%20symptoms&author=MR.%20Fu&author=M.%20Rosedale&journal=J%20Pain%20Symptom%20Manag&volume=38&issue=6&pages=849-859&publication_year=2009
https://doi.org/10.1006/jsre.2000.6021
http://scholar.google.com/scholar_lookup?title=Surgical%20outcomes%20after%20breast%20cancer%20surgery%3A%20measuring%20acute%20lymphedema&author=MA.%20Kosir&author=C.%20Rymal&author=P.%20Koppolu&author=L.%20Hryniuk&author=L.%20Darga&author=W.%20Du&journal=J%20Surg%20Res&volume=95&issue=2&pages=147-151&publication_year=2001

10.

11.

12.

13.

14.

title=Surgical%200outcomes%20after%20breast%20cancer%20surgery%3A%
20measuring%20acute%20lymphedema&author=MA.%20Kosir&author=C.

%20Rymal&author=P.%20Koppolu&author=L.%20Hryniuk&author=L.%20

Darga&author=W.%20Du&journal=J%20Surg%20Res&volume=95&issue=2
&pages=147-151&publication_year=2001)

Ridner SH, Deng J, Fu MR, Radina E, Thiadens SR, Weiss J et al (2012)
Symptom burden and infection occurrence among individuals with extremity
lymphedema. Lymphology 45(3):113—123

Google Scholar (http://scholar.google.com/scholar_lookup?
title=Symptom%20oburden%20and%2oinfection%200ccurrence%20among%
2o0individuals%20with%20extremity%2olymphedema&author=SH.%20Ridn
er&author=J.%20Deng&author=MR.%20Fu&author=E.%20Radina&author
=SR.%20Thiadens&author=J.%20Weiss&journal=Lymphology&volume=45
&issue=3&pages=113-123&publication_year=2012)

Fu MR, Axelrod D, Haber J (2008) Breast-cancer-related lymphedema:
information, symptoms, and risk-reduction behaviors. J Nurs Scholarsh
40(4):341-348

CrossRef (https://doi.org/10.1111/j.1547-5069.2008.00248.x)

Google Scholar (http://scholar.google.com/scholar_lookup?title=Breast-
cancer-
related%20lymphedema%3A%20information%2C%20symptoms%2C%20an
d%2orisk-
reduction%20behaviors&author=MR.%20Fu&author=D.%20Axelrod&autho
r=J.%20Haber&journal=J%20Nurs%20Scholarsh&volume=40&issue=4&pa
ges=341-348&publication_year=2008)

Passik SD, McDonald MV (1998) Psychosocial aspects of upper extremity
lymphedema in women treated for breast carcinoma. Cancer 83(12 Suppl
American):2817—-2820

CrossRef (https://doi.org/10.1002/(SICI)1097-0142(19981215)83%3A12B+
<2817%3A%3AAID-CNCR32>3.0.C0%3B2-2)

Google Scholar (http://scholar.google.com/scholar_lookup?
title=Psychosocial%20aspects%200f%20upper%20extremity%20lymphedem
a%20in%20women%2otreated %20for%20breast%20carcinoma&author=SD.
%20Passik&author=MV.%20McDonald&journal=Cancer&volume=83&issue
=12&pages=2817-2820&publication_year=1998)

Ridner SH (2005) Quality of life and a symptom cluster associated with
breast cancer treatment-related lymphedema. Support Care Cancer
13(11):904-911

CrossRef (https://doi.org/10.1007/s00520-005-0810-y)

Google Scholar (http://scholar.google.com/scholar_lookup?
title=Quality%200f%20life%20and%20a%20symptom%20cluster%20associa
ted%20with%20breast%20cancer%20treatment-
related%20lymphedema&author=SH.%20Ridner&journal=Support%20Care
%20Cancer&volume=13&issue=11&pages=904-911&publication_year=2005)

Ahmed RL, Prizment A, Lazovich D, Schmitz KH, Folsom AR (2008)
Lymphedema and quality of life in breast cancer survivors: the lowa women’s
health study. J Clin Oncol 26(35):5689-5696

CrossRef (https://doi.org/10.1200/JC0.2008.16.4731)

Google Scholar (http://scholar.google.com/scholar_lookup?



http://scholar.google.com/scholar_lookup?title=Surgical%20outcomes%20after%20breast%20cancer%20surgery%3A%20measuring%20acute%20lymphedema&author=MA.%20Kosir&author=C.%20Rymal&author=P.%20Koppolu&author=L.%20Hryniuk&author=L.%20Darga&author=W.%20Du&journal=J%20Surg%20Res&volume=95&issue=2&pages=147-151&publication_year=2001
http://scholar.google.com/scholar_lookup?title=Symptom%20burden%20and%20infection%20occurrence%20among%20individuals%20with%20extremity%20lymphedema&author=SH.%20Ridner&author=J.%20Deng&author=MR.%20Fu&author=E.%20Radina&author=SR.%20Thiadens&author=J.%20Weiss&journal=Lymphology&volume=45&issue=3&pages=113-123&publication_year=2012
https://doi.org/10.1111/j.1547-5069.2008.00248.x
http://scholar.google.com/scholar_lookup?title=Breast-cancer-related%20lymphedema%3A%20information%2C%20symptoms%2C%20and%20risk-reduction%20behaviors&author=MR.%20Fu&author=D.%20Axelrod&author=J.%20Haber&journal=J%20Nurs%20Scholarsh&volume=40&issue=4&pages=341-348&publication_year=2008
https://doi.org/10.1002/(SICI)1097-0142(19981215)83%3A12B+%3C2817%3A%3AAID-CNCR32%3E3.0.CO%3B2-2
http://scholar.google.com/scholar_lookup?title=Psychosocial%20aspects%20of%20upper%20extremity%20lymphedema%20in%20women%20treated%20for%20breast%20carcinoma&author=SD.%20Passik&author=MV.%20McDonald&journal=Cancer&volume=83&issue=12&pages=2817-2820&publication_year=1998
https://doi.org/10.1007/s00520-005-0810-y
http://scholar.google.com/scholar_lookup?title=Quality%20of%20life%20and%20a%20symptom%20cluster%20associated%20with%20breast%20cancer%20treatment-related%20lymphedema&author=SH.%20Ridner&journal=Support%20Care%20Cancer&volume=13&issue=11&pages=904-911&publication_year=2005
https://doi.org/10.1200/JCO.2008.16.4731
http://scholar.google.com/scholar_lookup?title=Lymphedema%20and%20quality%20of%20life%20in%20breast%20cancer%20survivors%3A%20the%20Iowa%20women%E2%80%99s%20health%20study&author=RL.%20Ahmed&author=A.%20Prizment&author=D.%20Lazovich&author=KH.%20Schmitz&author=AR.%20Folsom&journal=J%20Clin%20Oncol&volume=26&issue=35&pages=5689-5696&publication_year=2008

15.

16.

17.

18.

title=Lymphedema%20and%20quality%200f%20life%20in%20breast%20ca
ncer%20survivors%3A%20the%20lowa%20women%E2%80%99s%20health
%20study&author=RL.%20Ahmed&author=A.%20Prizment&author=D.%20
Lazovich&author=KH.%20Schmitz&author=AR.%20Folsom&journal=J%20
Clin%200ncol&volume=26&issue=35&pages=5689-
5696&publication_year=2008)

Shaitelman SF, Cromwell KD, Rasmussen JC, Stout NL, Armer JM, Lasinski
BB et al (2015) Recent progress in the treatment and prevention of cancer-
related lymphedema. CA Cancer J Clin 65(1):55-81

CrossRef (https://doi.org/10.3322/caac.21253)

Google Scholar (http://scholar.google.com/scholar_lookup?
title=Recent%20progress%20in%20the%20treatment%20and%20preventio
n%200f%20cancer-
related%20lymphedemag&author=SF.%20Shaitelman&author=KD.%20Crom
well&author=JC.%20Rasmussen&author=NL.%20Stout&author=JM.%20Ar
mer&author=BB.%20Lasinski&journal=CA%20Cancer%20J%20Clin&volum
e=65&issue=1&pages=55-81&publication_year=2015)

Lasinski BB, McKillip Thrift K, Squire D, Austin MK, Smith KM, Wanchai A
et al (2012) A systematic review of the evidence for complete decongestive
therapy in the treatment of lymphedema from 2004 to 2011. PM R 4(8):580—
601

CrossRef (https://doi.org/10.1016/j.pmrj.2012.05.003)

Google Scholar (http://scholar.google.com/scholar_lookup?
title=A%20systematic%20review%200f%20the%20evidence%20for%20com
plete%20decongestive%20therapy%20in%20the%20treatment%200f%20ly
mphedema%20from%202004%20t0%202011&author=BB.%20Lasinski&aut
hor=K.%20McKillip%20Thrift&author=D.%20Squire&author=MK.%20Austi
n&author=KM.%20Smith&author=A.%20Wanchai&journal=PM%20R&volu
me=4&issue=8&pages=580-601&publication_year=2012)

Ridner SH, Fu MR, Wanchai A, Stewart BR, Armer JM, Cormier JN (2012)
Self-management of lymphedema: a systematic review of the literature from
2004 to 2011. Nurs Res 61(4):291—299

CrossRef (https://doi.org/10.1097/NNR.ob013e31824f82b2)

Google Scholar (http://scholar.google.com/scholar_lookup?title=Self-
management%200f%20lymphedema%3A%20a%20systematic%20review%2
o0of%20the%20literature%20from%202004%20t0%202011&author=SH.%2
oRidner&author=MR.%20Fu&author=A.%20Wanchai&author=BR.%20Stew
art&author=JM.%20Armer&author=JN.%20Cormier&journal=Nurs%20Res
&volume=61&issue=4&pages=291-299&publication_year=2012)

McLaughlin SA, DeSnyder SM, Klimberg S, Alatriste M, Boccardo F, Smith
ML et al (2017) Considerations for clinicians in the diagnosis, prevention, and
treatment of breast cancer-related lymphedema, recommendations from an
expert panel: part 2: preventive and therapeutic options. Ann Surg Oncol
24(10):2827-2835

CrossRef (https://doi.org/10.1245/510434-017-5964-6)

Google Scholar (http://scholar.google.com/scholar_lookup?
title=Considerations%20for%z20clinicians%20in%20the%20diagnosis%2C%
20prevention%2C%20and%20treatment%200f%20breast%20cancer-
related%20lymphedema%2C%20recommendations%20from%20an%20expe



http://scholar.google.com/scholar_lookup?title=Lymphedema%20and%20quality%20of%20life%20in%20breast%20cancer%20survivors%3A%20the%20Iowa%20women%E2%80%99s%20health%20study&author=RL.%20Ahmed&author=A.%20Prizment&author=D.%20Lazovich&author=KH.%20Schmitz&author=AR.%20Folsom&journal=J%20Clin%20Oncol&volume=26&issue=35&pages=5689-5696&publication_year=2008
https://doi.org/10.3322/caac.21253
http://scholar.google.com/scholar_lookup?title=Recent%20progress%20in%20the%20treatment%20and%20prevention%20of%20cancer-related%20lymphedema&author=SF.%20Shaitelman&author=KD.%20Cromwell&author=JC.%20Rasmussen&author=NL.%20Stout&author=JM.%20Armer&author=BB.%20Lasinski&journal=CA%20Cancer%20J%20Clin&volume=65&issue=1&pages=55-81&publication_year=2015
https://doi.org/10.1016/j.pmrj.2012.05.003
http://scholar.google.com/scholar_lookup?title=A%20systematic%20review%20of%20the%20evidence%20for%20complete%20decongestive%20therapy%20in%20the%20treatment%20of%20lymphedema%20from%202004%20to%202011&author=BB.%20Lasinski&author=K.%20McKillip%20Thrift&author=D.%20Squire&author=MK.%20Austin&author=KM.%20Smith&author=A.%20Wanchai&journal=PM%20R&volume=4&issue=8&pages=580-601&publication_year=2012
https://doi.org/10.1097/NNR.0b013e31824f82b2
http://scholar.google.com/scholar_lookup?title=Self-management%20of%20lymphedema%3A%20a%20systematic%20review%20of%20the%20literature%20from%202004%20to%202011&author=SH.%20Ridner&author=MR.%20Fu&author=A.%20Wanchai&author=BR.%20Stewart&author=JM.%20Armer&author=JN.%20Cormier&journal=Nurs%20Res&volume=61&issue=4&pages=291-299&publication_year=2012
https://doi.org/10.1245/s10434-017-5964-6
http://scholar.google.com/scholar_lookup?title=Considerations%20for%20clinicians%20in%20the%20diagnosis%2C%20prevention%2C%20and%20treatment%20of%20breast%20cancer-related%20lymphedema%2C%20recommendations%20from%20an%20expert%20panel%3A%20part%202%3A%20preventive%20and%20therapeutic%20options&author=SA.%20McLaughlin&author=SM.%20DeSnyder&author=S.%20Klimberg&author=M.%20Alatriste&author=F.%20Boccardo&author=ML.%20Smith&journal=Ann%20Surg%20Oncol&volume=24&issue=10&pages=2827-2835&publication_year=2017

19.

20.

21.

22,

23.

rt%20panel%3A%20part%202%3A%20preventive%20and%20therapeutic%
200ptions&author=SA.%20McLaughlin&author=SM.%20DeSnyder&author
=S.%20Klimberg&author=M.%20Alatriste&author=F.%20Boccardo&author
=ML.%20Smith&journal=Ann%20Surg%200ncol&volume=24&issue=10&pa
ges=2827-2835&publication_year=2017)

Oremus M WK, Dayes I et al. Diagnosis and treatment of secondary
lymphedema technology assessment report project ID: LYMT0908 May 28,
2010. McMaster University Evidence-based Practice Center.
http://www.cms.gov/Medicare/Coverage/DeterminationProcess/downloads/

(http://www.cms.gov/Medicare/Coverage/DeterminationProcess/download
s/id66aTA.pdf). Accessed 3 February 2019

Mayrovitz H (2009) The standard of care for lymphedema: current concepts
and physiological considerations. Lymphat Res Biol 7(2):101-108

CrossRef (https://doi.org/10.1089/Irb.2009.0006)

Google Scholar (http://scholar.google.com/scholar_lookup?
title=The%20standard%200f%20care%20for%20lymphedema%3A%20curre
nt%20concepts%20and%20physiological%20considerations&author=H.%20
Mayrovitz&journal=Lymphat%20Res%20Biol&volume=7&issue=2&pages=1
01-108&publication_year=2009)

Finnane A, Janda M, Hayes SC (2015) Review of the evidence of lymphedema
treatment effect. Am J Phys Med Rehabil 94(6):483—498

CrossRef (https://doi.org/10.1097/PHM.0000000000000246)

Google Scholar (http://scholar.google.com/scholar_lookup?
title=Review%200f%20the%20evidence%200f%20lymphedema%20otreatme
nt%2o0effect&author=A.%20Finnane&author=M.%20Janda&author=SC.%20
Hayes&journal=Am%20J%20Phys%20Med%20Rehabil&volume=94&issue=
6&pages=483-498&publication_year=2015)

McNeely ML, Peddle CJ, Yurick JL, Dayes IS, Mackey JR (2011) Conservative
and dietary interventions for cancer-related lymphedema: a systematic
review and meta-analysis. Cancer. 117(6):1136—1148

CrossRef (https://doi.org/10.1002/cner.25513)

Google Scholar (http://scholar.google.com/scholar_lookup?
title=Conservative%20and%2o0dietary%2o0interventions%20for%20cancer-
related%20lymphedema%3A%20a%20systematic%20review%20and%20met
a-
analysis&author=ML.%20McNeely&author=CJ.%20Peddle&author=J1.%20
Yurick&author=IS.%20Dayes&author=JR.%20Mackey&journal=Cancer.&vol
ume=117&issue=6&pages=1136-1148&publication_year=2011)

Paskett ED, Dean JA, Oliveri JM, Harrop JP (2012) Cancer-related
lymphedema risk factors, diagnosis, treatment, and impact: a review. J Clin
Oncol 30(30):3726—-3733

CrossRef (https://doi.org/10.1200/JC0O.2012.41.8574)

Google Scholar (http://scholar.google.com/scholar_lookup?title=Cancer-
related%20lymphedema%2o0risk%20factors%2C%20diagnosis%2C%20treat
ment%2C%20and%20impact%3A%20a%20review&author=ED.%20Paskett
&author=JA.%20Dean&author=JM.%200liveri&author=JP.%20Harrop&jou
rnal=J%20Clin%200ncol&volume=30&issue=30&pages=3726-
3733&publication_year=2012)



http://scholar.google.com/scholar_lookup?title=Considerations%20for%20clinicians%20in%20the%20diagnosis%2C%20prevention%2C%20and%20treatment%20of%20breast%20cancer-related%20lymphedema%2C%20recommendations%20from%20an%20expert%20panel%3A%20part%202%3A%20preventive%20and%20therapeutic%20options&author=SA.%20McLaughlin&author=SM.%20DeSnyder&author=S.%20Klimberg&author=M.%20Alatriste&author=F.%20Boccardo&author=ML.%20Smith&journal=Ann%20Surg%20Oncol&volume=24&issue=10&pages=2827-2835&publication_year=2017
http://www.cms.gov/Medicare/Coverage/DeterminationProcess/downloads/id66aTA.pdf
https://doi.org/10.1089/lrb.2009.0006
http://scholar.google.com/scholar_lookup?title=The%20standard%20of%20care%20for%20lymphedema%3A%20current%20concepts%20and%20physiological%20considerations&author=H.%20Mayrovitz&journal=Lymphat%20Res%20Biol&volume=7&issue=2&pages=101-108&publication_year=2009
https://doi.org/10.1097/PHM.0000000000000246
http://scholar.google.com/scholar_lookup?title=Review%20of%20the%20evidence%20of%20lymphedema%20treatment%20effect&author=A.%20Finnane&author=M.%20Janda&author=SC.%20Hayes&journal=Am%20J%20Phys%20Med%20Rehabil&volume=94&issue=6&pages=483-498&publication_year=2015
https://doi.org/10.1002/cncr.25513
http://scholar.google.com/scholar_lookup?title=Conservative%20and%20dietary%20interventions%20for%20cancer-related%20lymphedema%3A%20a%20systematic%20review%20and%20meta-analysis&author=ML.%20McNeely&author=CJ.%20Peddle&author=JL.%20Yurick&author=IS.%20Dayes&author=JR.%20Mackey&journal=Cancer.&volume=117&issue=6&pages=1136-1148&publication_year=2011
https://doi.org/10.1200/JCO.2012.41.8574
http://scholar.google.com/scholar_lookup?title=Cancer-related%20lymphedema%20risk%20factors%2C%20diagnosis%2C%20treatment%2C%20and%20impact%3A%20a%20review&author=ED.%20Paskett&author=JA.%20Dean&author=JM.%20Oliveri&author=JP.%20Harrop&journal=J%20Clin%20Oncol&volume=30&issue=30&pages=3726-3733&publication_year=2012

24.

25.

26.

27,

28.

Smoot B, Chiavola-Larson L, Lee J, Manibusan H, Allen DD (2015) Effect of
low-level laser therapy on pain and swelling in women with breast cancer-
related lymphedema: a systematic review and meta-analysis. J Cancer Surviv
9(2):287-304

CrossRef (https://doi.org/10.1007/s11764-014-0411-1)

Google Scholar (http://scholar.google.com/scholar_lookup?
title=Effect%200f%20low-
level%20laser%2o0therapy%20on%20pain%20and%20swelling%20in%20wo
men%20with%2o0breast%20cancer-
related%20lymphedema%3A%20a%20systematic%20review%20and%20met
a-analysis&author=B.%20Smoot&author=L.%20Chiavola-
Larson&author=J.%20Lee&author=H.%20Manibusan&author=DD.%20Alle
n&journal=J%20Cancer%20Surviv&volume=9&issue=2&pages=287-
304&publication_year=2015)

Ridner SH, Poage-Hooper E, Kanar C, Doersam JK, Bond SM, Dietrich MS
(2013) A pilot randomized trial evaluating low-level laser therapy as an
alternative treatment to manual lymphatic drainage for breast cancer-related
lymphedema. Oncol Nurs Forum 40(4):383—393

CrossRef (https://doi.org/10.1188/13.0NF.383-393)

Google Scholar (http://scholar.google.com/scholar_lookup?
title=A%20pilot%20randomized%2o0trial %20evaluating%20low-
level%20laser%2o0therapy%20as%20an%2o0alternative%20treatment%20to
%20manual%20lymphatic%20drainage%2ofor%2obreast%20cancer-
related%20lymphedema&author=SH.%20Ridner&author=E.%20Poage-
Hooper&author=C.%20Kanar&author=JK.%20Doersam&author=SM.%20Bo
nd&author=MS.%20Dietrich&journal=0Oncol%20Nurs%20Forum&volume=
40&issue=4&pages=383-393&publication_year=2013)

E Lima MT, E Lima JG, de Andrade MF, Bergmann A (2014) Low-level laser
therapy in secondary lymphedema after breast cancer: systematic review.
Lasers Med Sci 29(3):1289—1295

CrossRef (https://doi.org/10.1007/s10103-012-1240-y)

Google Scholar (http://scholar.google.com/scholar_lookup?title=Low-
level%20laser%2otherapy%20in%20secondary%20lymphedema%2o0after%2
obreast%20cancer%3A%20systematic%20review&author=MT.%20E%20Li
ma&author=JG.%20E%20Lima&author=MF.%20Andrade&author=A.%20B
ergmann&journal=Lasers%20Med%20Sci&volume=29&issue=3&pages=128
9-1295&publication_year=2014)

Omar MT, Shaheen AA, Zafar H (2012) A systematic review of the effect of
low-level laser therapy in the management of breast cancer-related
lymphedema. Support Care Cancer 20(11):2977—-2984

CrossRef (https://doi.org/10.1007/s00520-012-1546-0)

Google Scholar (http://scholar.google.com/scholar_lookup?
title=A%20systematic%20review%200f%20the%20effect%200f%20low-
level%20laser%2otherapy%20in%20the%20management%200f%20breast%
20cancer-
related%20lymphedema&author=MT.%200mar&author=AA.%20Shaheen&
author=H.%20Zafar&journal=Support%20Care%20Cancer&volume=20&iss
ue=11&pages=2977-2984&publication_year=2012)

Wang X, Tian F, Reddy DD et al (2017) Up-regulation of cerebral


https://doi.org/10.1007/s11764-014-0411-1
http://scholar.google.com/scholar_lookup?title=Effect%20of%20low-level%20laser%20therapy%20on%20pain%20and%20swelling%20in%20women%20with%20breast%20cancer-related%20lymphedema%3A%20a%20systematic%20review%20and%20meta-analysis&author=B.%20Smoot&author=L.%20Chiavola-Larson&author=J.%20Lee&author=H.%20Manibusan&author=DD.%20Allen&journal=J%20Cancer%20Surviv&volume=9&issue=2&pages=287-304&publication_year=2015
https://doi.org/10.1188/13.ONF.383-393
http://scholar.google.com/scholar_lookup?title=A%20pilot%20randomized%20trial%20evaluating%20low-level%20laser%20therapy%20as%20an%20alternative%20treatment%20to%20manual%20lymphatic%20drainage%20for%20breast%20cancer-related%20lymphedema&author=SH.%20Ridner&author=E.%20Poage-Hooper&author=C.%20Kanar&author=JK.%20Doersam&author=SM.%20Bond&author=MS.%20Dietrich&journal=Oncol%20Nurs%20Forum&volume=40&issue=4&pages=383-393&publication_year=2013
https://doi.org/10.1007/s10103-012-1240-y
http://scholar.google.com/scholar_lookup?title=Low-level%20laser%20therapy%20in%20secondary%20lymphedema%20after%20breast%20cancer%3A%20systematic%20review&author=MT.%20E%20Lima&author=JG.%20E%20Lima&author=MF.%20Andrade&author=A.%20Bergmann&journal=Lasers%20Med%20Sci&volume=29&issue=3&pages=1289-1295&publication_year=2014
https://doi.org/10.1007/s00520-012-1546-0
http://scholar.google.com/scholar_lookup?title=A%20systematic%20review%20of%20the%20effect%20of%20low-level%20laser%20therapy%20in%20the%20management%20of%20breast%20cancer-related%20lymphedema&author=MT.%20Omar&author=AA.%20Shaheen&author=H.%20Zafar&journal=Support%20Care%20Cancer&volume=20&issue=11&pages=2977-2984&publication_year=2012

29.

30.

31.

32.

cytochrome-c-oxidase and hemodynamics by transcranial infrared laser
stimulation: a broadband near-infrared spectroscopy study. J Cerebr Blood F
Met 37(12):3789—3802

CrossRef (https://doi.org/10.1177/0271678X17691783)

Google Scholar (http://scholar.google.com/scholar_lookup?title=Up-
regulation%200f%20cerebral %20cytochrome-c-
oxidase%20and%20hemodynamics%20by%20transcranial%2o0infrared %201
aser%2ostimulation%3A%20a%20broadband%2onear-
infrared%20spectroscopy%20study&author=X.%20Wang&author=F.%20Tia
n&author=DD.%20Reddy&journal=J%20Cerebr%20Blood%20F%20Met&vo
lume=37&issue=12&pages=3789-3802&publication_year=2017)

Liebert AD, Bicknell BT, Adams RD (2014) Protein conformational
modulation by photons: a mechanism for laser treatment effects. Med
Hypotheses 82(3):275-281

CrossRef (https://doi.org/10.1016/j.mehy.2013.12.009)

Google Scholar (http://scholar.google.com/scholar_lookup?
title=Protein%20conformational%20omodulation%20by%20photons%3A%20
a%20mechanism%20for%z2o0laser%2otreatment%2oeffects&author=AD.%20
Liebert&author=BT.%20Bicknell&author=RD.%20Adams&journal=Med %20
Hypotheses&volume=82&issue=3&pages=275-281&publication_year=2014)

Jang DH, Song DH, Chang EJ, Jeon JY (2016) Anti-inflammatory and
lymphangiogenetic effects of low-level laser therapy on lymphedema in an
experimental mouse tail model. Lasers Med Sci 31(2):289—296

CrossRef (https://doi.org/10.1007/s10103-015-1854-y)

Google Scholar (http://scholar.google.com/scholar_lookup?title=Anti-
inflammatory%20and%2olymphangiogenetic%20effects%200f%20low-
level%20laser%2otherapy%20on%20lymphedema%20in%20an%20experim
ental%20mouse%20tail%20model&author=DH.%20Jang&author=DH.%20S
ong&author=EJ.%20Chang&author=JY.%20Jeon&journal=Lasers%20Med%
20Sci&volume=31&issue=28&pages=289-296&publication_year=2016)

Kaviana A, Fateh M, Yousefi-Nooraie R, Alinagi-Zadeh M, Ataie-Fashtami L
(2006) Low-level laser therapy in management of postmastectomy
lymphedema. Lasers Med Sci 21(2):90—94

CrossRef (https://doi.org/10.1007/s10103-006-0380-3)

Google Scholar (http://scholar.google.com/scholar_lookup?title=Low-

level%20laser%2otherapy%20in%20management%200f%20postmastectomy
%20lymphedema&author=A.%20Kaviana&author=M.%20Fateh&author=R.
%20Yousefi-Nooraie&author=M.%20Alinagi-Zadeh&author=L.%20Ataie-
Fashtami&journal=Lasers%20Med%20Sci&volume=21&issue=2&pages=90-
94&publication_year=2006)

Piller NB, Thelander A (1998) Treatment of chronic postmastectomy
lymphedema with low level laser therapy: a 2.5 year follow-up. Lymphology
31(2):74—-86

Google Scholar (http://scholar.google.com/scholar_lookup?
title=Treatment%200f%20chronic%20postmastectomy%20lymphedema%20
with%20low%20level %20laser%20therapy%3A%20a%202.5%20year%20foll
OW-
up&author=NB.%20Piller&author=A.%20Thelander&journal=Lymphology&
volume=31&issue=2&pages=74-86&publication_year=1998)



https://doi.org/10.1177/0271678X17691783
http://scholar.google.com/scholar_lookup?title=Up-regulation%20of%20cerebral%20cytochrome-c-oxidase%20and%20hemodynamics%20by%20transcranial%20infrared%20laser%20stimulation%3A%20a%20broadband%20near-infrared%20spectroscopy%20study&author=X.%20Wang&author=F.%20Tian&author=DD.%20Reddy&journal=J%20Cerebr%20Blood%20F%20Met&volume=37&issue=12&pages=3789-3802&publication_year=2017
https://doi.org/10.1016/j.mehy.2013.12.009
http://scholar.google.com/scholar_lookup?title=Protein%20conformational%20modulation%20by%20photons%3A%20a%20mechanism%20for%20laser%20treatment%20effects&author=AD.%20Liebert&author=BT.%20Bicknell&author=RD.%20Adams&journal=Med%20Hypotheses&volume=82&issue=3&pages=275-281&publication_year=2014
https://doi.org/10.1007/s10103-015-1854-y
http://scholar.google.com/scholar_lookup?title=Anti-inflammatory%20and%20lymphangiogenetic%20effects%20of%20low-level%20laser%20therapy%20on%20lymphedema%20in%20an%20experimental%20mouse%20tail%20model&author=DH.%20Jang&author=DH.%20Song&author=EJ.%20Chang&author=JY.%20Jeon&journal=Lasers%20Med%20Sci&volume=31&issue=2&pages=289-296&publication_year=2016
https://doi.org/10.1007/s10103-006-0380-3
http://scholar.google.com/scholar_lookup?title=Low-level%20laser%20therapy%20in%20management%20of%20postmastectomy%20lymphedema&author=A.%20Kaviana&author=M.%20Fateh&author=R.%20Yousefi-Nooraie&author=M.%20Alinagi-Zadeh&author=L.%20Ataie-Fashtami&journal=Lasers%20Med%20Sci&volume=21&issue=2&pages=90-94&publication_year=2006
http://scholar.google.com/scholar_lookup?title=Treatment%20of%20chronic%20postmastectomy%20lymphedema%20with%20low%20level%20laser%20therapy%3A%20a%202.5%20year%20follow-up&author=NB.%20Piller&author=A.%20Thelander&journal=Lymphology&volume=31&issue=2&pages=74-86&publication_year=1998

33-

34-

35-

36.

37-

38.

Carati CJ, Anderson SN, Gannon BJ, Piller NB (2003) Treatment of
postmastectomy lymphedema with low-level laser therapy: a double blind,
placebo-controlled trial. Cancer 98(6):1114—1122

CrossRef (https://doi.org/10.1002/cner.11641)

Google Scholar (http://scholar.google.com/scholar_lookup?
title=Treatment%200f%20postmastectomy%2olymphedema%20owith%20lo
w-level%20laser%20therapy%3A%20a%20double%20blind%2C%20placebo-
controlled%2otrial&author=CJ.%20Carati&author=SN.%20Anderson&autho
r=BJ.%20Gannon&author=NB.%20Piller&journal=Cancer&volume=98&issu
e=6&pages=1114-1122&publication_year=2003)

Dirican A, Andacoglu O, Johnson R, McGuire K, Mager L, Soran A (2011) The
short-term effects of low-level laser therapy in the management of breast-
cancer-related lymphedema. Support Care Cancer 19(5):685-690

CrossRef (https://doi.org/10.1007/s00520-010-0888-8)

Google Scholar (http://scholar.google.com/scholar_lookup?
title=The%20short-term%20effects%200f%20low-
level%20laser%2otherapy%20in%20the%20omanagement%200f%20breast-
cancer-
related%20lymphedema&author=A.%20Dirican&author=0.%20Andacoglu&
author=R.%20Johnson&author=K.%20McGuire&author=L.%20Mager&auth
or=A.%20Soran&journal=Support%20Care%20Cancer&volume=19&issue=5
&pages=685-690&publication_year=2011)

Kozanoglu E, Basaran S, Paydas S, Sarpel T (2009) Efficacy of pneumatic
compression and low-level laser therapy in the treatment of postmastectomy
lymphoedema: a randomized controlled trial. Clin Rehabil 23(2):117-124
CrossRef (https://doi.org/10.1177/0269215508096173)

Google Scholar (http://scholar.google.com/scholar_lookup?
title=Efficacy%200f%20pneumatic%20compression%20and%20low-
level%20laser%2o0therapy%20in%20the%20treatment%200f%20postmastec
tomy%20lymphoedema%3A%20a%20randomized%20controlled%2otrial&a
uthor=E.%20Kozanoglu&author=S.%20Basaran&author=S.%20Paydas&aut
hor=T.%20Sarpel&journal=Clin%20Rehabil&volume=23&issue=2&pages=11
7-124&publication_year=2009)

Omar MTA, Ebid AA, El Morsy AM (2011) Treatment of post-mastectomy
lymphedema with laser therapy: double blind placebo control randomized
study. J Surg Res 165(1):82—90

CrossRef (https://doi.org/10.1016/j.jss.2010.03.050)

Google Scholar (http://scholar.google.com/scholar_lookup?
title=Treatment%200f%20post-
mastectomy%2olymphedema%2owith%20laser%2otherapy%3A%20double
%20blind%20placebo%20control%20randomized%20study&author=MTA.%
200mar&author=AA.%20Ebid&author=AM.%20Morsy&journal=J%20Surg
%20Res&volume=165&issue=1&pages=82-9o&publication_year=2011)

Available from:
https://www.accessdata.fda.gov/cdrh_docs/pdf3/Ko30295.pdf

(https://www.accessdata.fda.gov/cdrh_docs/pdf3/Ko30295.pdf). Accessed
3 February 2019

Fu MR, Axelrod D, Guth AA, Cartwright F, Qiu Z, Goldberg JD et al (2014)
Proactive approach to lymphedema risk reduction: a prospective study. Ann



https://doi.org/10.1002/cncr.11641
http://scholar.google.com/scholar_lookup?title=Treatment%20of%20postmastectomy%20lymphedema%20with%20low-level%20laser%20therapy%3A%20a%20double%20blind%2C%20placebo-controlled%20trial&author=CJ.%20Carati&author=SN.%20Anderson&author=BJ.%20Gannon&author=NB.%20Piller&journal=Cancer&volume=98&issue=6&pages=1114-1122&publication_year=2003
https://doi.org/10.1007/s00520-010-0888-8
http://scholar.google.com/scholar_lookup?title=The%20short-term%20effects%20of%20low-level%20laser%20therapy%20in%20the%20management%20of%20breast-cancer-related%20lymphedema&author=A.%20Dirican&author=O.%20Andacoglu&author=R.%20Johnson&author=K.%20McGuire&author=L.%20Mager&author=A.%20Soran&journal=Support%20Care%20Cancer&volume=19&issue=5&pages=685-690&publication_year=2011
https://doi.org/10.1177/0269215508096173
http://scholar.google.com/scholar_lookup?title=Efficacy%20of%20pneumatic%20compression%20and%20low-level%20laser%20therapy%20in%20the%20treatment%20of%20postmastectomy%20lymphoedema%3A%20a%20randomized%20controlled%20trial&author=E.%20Kozanoglu&author=S.%20Basaran&author=S.%20Paydas&author=T.%20Sarpel&journal=Clin%20Rehabil&volume=23&issue=2&pages=117-124&publication_year=2009
https://doi.org/10.1016/j.jss.2010.03.050
http://scholar.google.com/scholar_lookup?title=Treatment%20of%20post-mastectomy%20lymphedema%20with%20laser%20therapy%3A%20double%20blind%20placebo%20control%20randomized%20study&author=MTA.%20Omar&author=AA.%20Ebid&author=AM.%20Morsy&journal=J%20Surg%20Res&volume=165&issue=1&pages=82-90&publication_year=2011
https://www.accessdata.fda.gov/cdrh_docs/pdf3/K030295.pdf

39.

40.

41.

42.

Surg Oncol 21(11):3481—3489

CrossRef (https://doi.org/10.1245/s10434-014-3761-7)

Google Scholar (http://scholar.google.com/scholar_lookup?
title=Proactive%20approach%20to%20lymphedema%20risk%20reduction%
3A%20a%20prospective%20study&author=MR.%20Fu&author=D.%20Axelr
od&author=AA.%20Guth&author=F.%20Cartwright&author=Z7.%20Qiu&aut
hor=JD.%20Goldberg&journal=Ann%20Surg%200ncol&volume=21&issue=
11&pages=3481-3489&publication_year=2014)

Fu MR, Axelrod D, Guth AA, Fletcher J, Qiu JM, Scagliola J et al (2015)
Patterns of obesity and lymph fluid level during the first year of breast cancer
treatment: a prospective study. J Pers Med 5(3):326—340

CrossRef (https://doi.org/10.3390/jpm5030326)

Google Scholar (http://scholar.google.com/scholar_lookup?
title=Patterns%200f%200besity%20and%20lymph%2ofluid%20level %620dur
ing%20the%20first%20year%200f%20breast%20cancer%2otreatment%3A%
20a%20prospective%20study&author=MR.%20Fu&author=D.%20Axelrod&
author=AA.%20Guth&author=J.%20Fletcher&author=JM.%20Qiu&author=
J.%20Scagliola&journal=J%20Pers%20Med&volume=5&issue=3&pages=32
6-340&publication_year=2015)

Fu MR, Axelrod D, Cleland CM, Qiu Z, Guth AA, Kleinman R et al (2015)
Symptom report in detecting breast cancer-related lymphedema. Breast
Cancer (Dove Med Press) 7:345—352

Google Scholar (http://scholar.google.com/scholar_lookup?
title=Symptom%20report%20in%2o0detecting%20breast%20cancer-
related%20lymphedema&author=MR.%20Fu&author=D.%20Axelrod&autho
r=CM.%20Cleland&author=7.%20Qiu&author=AA.%20Guth&author=R.%2
oKleinmang&journal=Breast%20Cancer%20%28Dove%20Med %20Press%29
&volume=7&pages=345-352&publication_year=2015)

Fu MR, Axelrod D, Guth AA, Rampertaap K, EI-Shammaa N, Hiotis K et al
(2016) mHealth self-care interventions: managing symptoms following breast
cancer treatment. Mhealth. 2

Google Scholar (https://scholar.google.com/scholar?
q=Fu%20MR%2C%20Axelrod%20D%2C%20Guth%20AA%2C%20Ramperta
ap%20K%2C%20El-
Shammaa%20N%2C%20Hiotis%20K%20et%20al%20%282016%29%20mH
ealth%20self-
care%2o0interventions%3A%20managing%20symptoms%2ofollowing%20bre
ast%20cancer%2otreatment.%20Mhealth.%202)

Shi S, Lu Q, Fu MR, Ouyang Q, Liu C, Lv J et al (2016) Psychometric
properties of the breast cancer and lymphedema symptom experience index:
the Chinese version. Eur J Oncol Nurs 20:10-16

CrossRef (https://doi.org/10.1016/j.ejon.2015.05.002)

Google Scholar (http://scholar.google.com/scholar_lookup?
title=Psychometric%20properties%200f%20the%20breast%20cancer%20an
d%20lymphedema%20symptom%20experience%20index%3A%20the%20Ch
inese%20version&author=S.%20Shi&author=Q.%20Lu&author=MR.%20Fu
&author=Q.%200uyang&author=C.%20Liu&author=J.%20Lv&journal=Eur
%20J%200ncol%20Nurs&volume=20&pages=10-
16&publication_year=2016)



https://doi.org/10.1245/s10434-014-3761-z
http://scholar.google.com/scholar_lookup?title=Proactive%20approach%20to%20lymphedema%20risk%20reduction%3A%20a%20prospective%20study&author=MR.%20Fu&author=D.%20Axelrod&author=AA.%20Guth&author=F.%20Cartwright&author=Z.%20Qiu&author=JD.%20Goldberg&journal=Ann%20Surg%20Oncol&volume=21&issue=11&pages=3481-3489&publication_year=2014
https://doi.org/10.3390/jpm5030326
http://scholar.google.com/scholar_lookup?title=Patterns%20of%20obesity%20and%20lymph%20fluid%20level%20during%20the%20first%20year%20of%20breast%20cancer%20treatment%3A%20a%20prospective%20study&author=MR.%20Fu&author=D.%20Axelrod&author=AA.%20Guth&author=J.%20Fletcher&author=JM.%20Qiu&author=J.%20Scagliola&journal=J%20Pers%20Med&volume=5&issue=3&pages=326-340&publication_year=2015
http://scholar.google.com/scholar_lookup?title=Symptom%20report%20in%20detecting%20breast%20cancer-related%20lymphedema&author=MR.%20Fu&author=D.%20Axelrod&author=CM.%20Cleland&author=Z.%20Qiu&author=AA.%20Guth&author=R.%20Kleinman&journal=Breast%20Cancer%20%28Dove%20Med%20Press%29&volume=7&pages=345-352&publication_year=2015
https://scholar.google.com/scholar?q=Fu%20MR%2C%20Axelrod%20D%2C%20Guth%20AA%2C%20Rampertaap%20K%2C%20El-Shammaa%20N%2C%20Hiotis%20K%20et%20al%20%282016%29%20mHealth%20self-care%20interventions%3A%20managing%20symptoms%20following%20breast%20cancer%20treatment.%20Mhealth.%202
https://doi.org/10.1016/j.ejon.2015.05.002
http://scholar.google.com/scholar_lookup?title=Psychometric%20properties%20of%20the%20breast%20cancer%20and%20lymphedema%20symptom%20experience%20index%3A%20the%20Chinese%20version&author=S.%20Shi&author=Q.%20Lu&author=MR.%20Fu&author=Q.%20Ouyang&author=C.%20Liu&author=J.%20Lv&journal=Eur%20J%20Oncol%20Nurs&volume=20&pages=10-16&publication_year=2016

43. FuMR, Conley YP, Axelrod D, Guth AA, Yu G, Fletcher J et al (2016)
Precision assessment of heterogeneity of lymphedema phenotype, genotypes
and risk prediction. Breast 29:231—-240
CrossRef (https://doi.org/10.1016/j.breast.2016.06.023)
Google Scholar (http://scholar.google.com/scholar_lookup?
title=Precision%20assessment%200f%20heterogeneity%200f%20lymphede
ma%20phenotype%2C%20genotypes%20and%20risk%20prediction&author
=MR.%20Fu&author=YP.%20Conley&author=D.%20Axelrod&author=AA.%
20Guth&author=G.%20Yu&author=J.%20Fletcher&journal=Breast&volume
=29&pages=231-240&publication_year=2016)

44. Maiya AG, Olivia E, Dibya A (2008) Effect of low energy laser therapy in the
management of post-mastectomy lymphedema. Physio Singapore 11(1):2—5
Google Scholar (http://scholar.google.com/scholar_lookup?
title=Effect%200f%20low%20energy%20laser%2otherapy%20in%20the%20
management%200f%20post-
mastectomy%2olymphedema&author=AG.%20Maiya&author=E.%200livia
&author=A.%20Dibya&journal=Physio%20Singapore&volume=11&issue=1&
pages=2-5&publication_year=2008)

45. Mondry TE, Riffenburgh RH, Johnstone PA (2004) Prospective trial of
complete decongestive therapy for upper extremity lymphedema after breast
cancer therapy. Cancer J 10(1):42—48 discussion 17-9
CrossRef (https://doi.org/10.1097/00130404-200401000-00009)

Google Scholar (http://scholar.google.com/scholar_lookup?
title=Prospective%20trial %200f%20complete%20decongestive%20therapy%
20for%20upper%20extremity%20lymphedema%2o0after%20breast%20cance
r%2otherapy&author=TE.%20Mondry&author=RH.%20Riffenburgh&author
=PA.%20Johnstone&journal=Cancer%20J&volume=10&issue=1&pages=42-
48&publication_year=2004)

Copyright information

© The Author(s) 2019

Open Access This article is distributed under the terms of the Creative Commons
Attribution 4.0 International License
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appropriate credit
to the original author(s) and the source, provide a link to the Creative Commons
license, and indicate if changes were made.

About this article

Cite this article as:
Kilmartin, L., Denham, T., Fu, M.R. et al. Lasers Med Sci (2019). https://doi.org/10.1007/s10103-019-
02798-1

e Received 14 February 2019


https://doi.org/10.1016/j.breast.2016.06.023
http://scholar.google.com/scholar_lookup?title=Precision%20assessment%20of%20heterogeneity%20of%20lymphedema%20phenotype%2C%20genotypes%20and%20risk%20prediction&author=MR.%20Fu&author=YP.%20Conley&author=D.%20Axelrod&author=AA.%20Guth&author=G.%20Yu&author=J.%20Fletcher&journal=Breast&volume=29&pages=231-240&publication_year=2016
http://scholar.google.com/scholar_lookup?title=Effect%20of%20low%20energy%20laser%20therapy%20in%20the%20management%20of%20post-mastectomy%20lymphedema&author=AG.%20Maiya&author=E.%20Olivia&author=A.%20Dibya&journal=Physio%20Singapore&volume=11&issue=1&pages=2-5&publication_year=2008
https://doi.org/10.1097/00130404-200401000-00009
http://scholar.google.com/scholar_lookup?title=Prospective%20trial%20of%20complete%20decongestive%20therapy%20for%20upper%20extremity%20lymphedema%20after%20breast%20cancer%20therapy&author=TE.%20Mondry&author=RH.%20Riffenburgh&author=PA.%20Johnstone&journal=Cancer%20J&volume=10&issue=1&pages=42-48&publication_year=2004

e Accepted 29 April 2019

e First Online 11 May 2019

e DOI https://doi.org/10.1007/s10103-019-02798-1
e Publisher Name Springer London

e Print ISSN 0268-8921

e Online ISSN 1435-604X

e About this journal
e Reprints and Permissions

Personalised recommendations

1. Footcare among lymphoedema patients attending a filariasis clinic in South
India: a study of knowledge and practice

Babu, B. V.... Nayak, A. N.
Annals of Tropical Medicine &amp; Parasitology (2002)

2. The Effectiveness of Reducing Affected Arm Volume by Self-Care Program
in Patients with Breast Cancer Treatment-Related Lymphoedema

Arinaga, Yoko... Kashiwagura, Eiko
Journal of Japan Academy of Nursing Science (2014)

3. Lymphoedema therapy in breast cancer patients - a systematic review on
effectiveness and a survey of current practices and costs in Finland

We use cookies to personalise
content and ads, to provide
social media features and to
analyse our traffic. We also
share information about your use

A~Af Avir AtA it AL AAATAL AAATA N AR o PPN PR RN m

We use cookies to personalise
content and ads, to provide
social media features and to
analyse our traffic. We also
share information about your use
of our site with our social media, > Manage Cookies
advertising and analytics
partners in accordance with our
Privacy Statement. You can
manage your preferences in
Manage Cookies.



https://www.springernature.com/
https://www.springernature.com/
http://recommended.springernature.com/recommended/
https://recommendations.springernature.com/recommended/#email-signup
https://recommended.springernature.com/v2219/redirect/S_LsHVZ96EAb2e45zOCCQtKVyjiDu9EDAWrZIVtUDpFtCt9GU_WybKMs35b-fQdViMJnJRvb-71UNfEitHYO6G48oXGiAsLamoI9VWasDjlf2YYmugQHsJGtST1wG2mWJsLZ6OuF8QAV2EJ63z7Ndl6r-UipzbC1e6Mr4acb_NxSnF2gIhEIdcDSEMYGHomN9LEUJfOVaJdC4apZJ0O37HDDWDBeiatuYSICCzXGL0hwwiEoNp9YReAtoPRaadgNNhuwEtKtmg7lI2_0PFm2pXxCHidMQ56Wac2mLm6o0-ryKlg358akPa9nHALLdi3dx9A59DVxGHBF_ZOpjH67Urlk7R1_KCX8LbFPUPjs7KhgFhf_yvDIujj7wqotck9wu3rNLurRS6HKuuZApT9-S4AFMWgf6XGpdEpEZRRwcG1phnDwK28P6-p_-_Y36alM1V9btWJJhTqasYAU-MFFLx6IYNe4Xe2e8KSi2smsfx5--4kcyA95z3JYbwXt3as7TbMNJiUtaLf5eG5EacJ9aTwpvg09DcZesT264uC4DS1_3w8mGbOzXB_qcE_-FeuixP4BNnWFU1VYeuDRnbl7N70-HVm-uF0rRS-OLRHjJdaesa6DQPgEs-cNblgOOq8UYQnPIwI63B8SSZ6XZ7R5id2fP1Wau3cM8bOC9UhwE9Tyh23WQZkFugMwTQHotgN8MWes4cfCv5bFOCSs70X5CguO1SC4lH5GHxOi8klZqyZQ4PgjHEIC82ClEsu7HTE1pHz6xsacCzBKJWYqBoIy2Vior3lxWkKaO9wTn1ZNDE_1Lew5-4hXL8pGpW1axlrncOdUq45q0go2J5cQVFe2VyyRIkTTaza5qfWL92IsZr_AZO83Y3j2a2ZZGQdlkXbYDLm-onhiCzgwnMolPBoBJbTNyLdmC8K4LqlGbLzlP1CfFfKZXQWZbernYqyFQPW0_V6RgM6v5C4JApVh4jVQVXQuy2Co3hqJ2NPhVm3mMCpJz587ET88K-I4mCq6AqXcnVoKrwi549XOLc2Rne6ha5RPdHzzuEHUJmXL8ItbpKqm1OwcSVCwrE9TDujm7RaIPx8_JLdq8cWX3I96i1jK6g%3D%3D
https://recommended.springernature.com/v2219/redirect/cjG51IifLbg7rVqiopd5-nfOcQL0XE_HfetcYrZjnTXTUsGZK_WRP2lJuTomRYPcfjETpMkeC-aPHafqCPRvPZY9Yw5fHpBME9Z-lLw_fyJ0CE-trgDRo6lvxoagCVCLc45GxXk8hJ6bEgwWs0QgPJFX4KM0lcQpkWTNHbyhG4XFr2far_JgONQNpqiQ0kvnZyZz8oLHly4GEiYbKHNlpXIAH82qI7ebxicaviE6p1qJIDBERXgifkD1nX3zp_15dDsk8WomLniCCjks0H8HBpfLvuthlPct2dSgbfUSg7ARHuCaqu8uL-Gj_coOdBIkrVrJQEVro0VKb5CHeeeCQi44s6hIL71sDmz_Rm9Kza1PaviaZ3WWX-cPlXWyGYCzGbhe2Ybqh_akCXA_f3XUsBP-V8gYkQoY9rOUK7hV_SasWHLAj6d0FB3RKd0T07gRhjjqweLr4hGmJ7FnAQJE06fPGJsoETDOUTa57Dq0y7gtmtz_7LBfNP4o3tyXME9pIlLhGPSfWSSgxUGUYG2fyv7MlAtqH8ueOpbB0-SImCxbVynwFxFoGpXs_nPQNgrYlNRSxlVONzL0xSWrmLRez63ql1neZjSMjm0kVXac8NyiFwNcPwaDZHUO0g6DI0qNGxyrf5xbtllpLzcf4R8dX9Fi9iK_knA8C2eAhvGcEs3cV3d8vgxdU0WnP0gnN2ok3NoDp66l8qfdChIQlHBPnTJkzRpulJABZ4VIKwql0GfJeUCJbQjfeIJ-GStxZ2HYXncR5izvJm0ziG4OpqQRlLE9XJmhJ77L9EDyU-53LbP5aM6zAwlXzyozdvO4Wo7fOyb2DWD41q2ha-JPT8AB2LcCworIgeoaN2KSnfBOJI9ZAu7k6Lo0YRMEskML5DYQUsBAv0m65Xr53Sn0egbkiRKTXpwrVY0Fpc6wxy4QHAeNvIScuiklX9XbH1Nk9roLFYxFxbQsX5Tdf94aWbeiAy23pZu9M8JTEVYBEiJX8TcFq5D_YUGqYHqpTac4TzwGjlOUMDGNe63XSVJZ-f9G3su8r-O-h7gVOzQfyL6WeDZoxIfjRZSH4kejgTACKwDKUN7GZuuR-tsdDUVdmQM_8w%3D%3D
https://recommended.springernature.com/v2219/redirect/cjG51IifLbg7rVqiopd5-rjgvE6sSmoJhklNaRrvpmpNjFzMsFXIu5Y0tVfdBN0LjtUK3knjxVt_nVAa5kVSXaBA8CveP2H5HGRmj10sLQ4BEx9E0oQUsypG902qXDZMsXDBO5XPM4EWto6fwkidHMmC8hy4dnCgAPfynEo2py2ab_cGmhh0QZ257ycO_oo4lQhSymFhr7Jn4t-yPcO1TBKVqm5HxIIqYPH1BgxNzivJxlUjfHHE15XVYU1TvP3xqjbJ-sPWNLxjfZytvJAulojQNdtAF1WDcTATF8AOYxBPZhOtADIe30nSwHGNPVfABGAlm-NnIFJTNWzOoTKOlBfUM8HO6lD2q8oneH4E5meekUImW516-Zn_uSmDM5NILeM7m7tt_9V5Y2QZaPQhqCMOJOTUqem47u-H27QTUYZFOhyPTTvsTDmqDcC2J_mZa3-hftL1K8QG28CKfjUuYN3hAXhfVX78mgzoIJ2FO6x8O06Zb1xz7uePP004leCearfcFdqrAARoO9o2gCelvVOtPs_LT-_PM5NDYtu1ZuqSX_8WVshx8Ck-EGhSjZsxwan3Sf3ip_eNJaZW_xQ8lWuZymawvHqkOpwjVKiv7cSD59TtC_RrSzFEPtZXCAjm38VcgWO3oT9qbt5WbVAL3HB1pFKHqMDByy8Jz6HcYpoFYHt5MzkawJcoOhNJrp5CPQMKGxjG0S41SC9fV_O_1ubF3ln82GVkmrmrTCX5ciIrICk1YfyqnD0yMUcJLwMh7j1Qjh2sufdsWXYLDqXA1XXdFUXiItEAeFoWWq2LtC2kkRC50KHOyNKrmsjHnD0hcjjBqvt4UQ3ABXXUr__mVoJ_7EBFOPz1j7qwqwBuQLfvp0HpXDQ0XgmK1qKbgBrwxVODx3I-DKk7jSc-FRnIo9EOCNc8-HphxHytmqyWsbxaexI4IR3C-F_6UtsRooBgnAaApGCKjidsSRoOK6JqA0AKuvaYzbnDt2B3zKI8ZFw-ga1SB3di6t7aLjF69wMZOFT2PCKgOHafKAbusK-22obTk2A3x9o7rP70q_tMlyJoKyXT5N6e7OFANeTs5hnnUvB17GeEwNbJYqk3dVhhHA%3D%3D
https://www.springer.com/journal/10103/about
https://s100.copyright.com/AppDispatchServlet?publisherName=SpringerNature&orderBeanReset=true&orderSource=SpringerLink&copyright=The+Author%28s%29&author=Laurie+Kilmartin%2C+Tara+Denham%2C+Mei+R.+Fu+et+al&contentID=10.1007%2Fs10103-019-02798-1&endPage=11&publicationDate=2019&startPage=1&title=Complementary+low-level+laser+therapy+for+breast+cancer-related+lymphedema%3A+a+pilot%2C+double-blind%2C+randomized%2C+placebo-controlled+study&imprint=The+Author%28s%29&publication=0268-8921&oa=CC+BY
https://link.springer.com/privacystatement
https://link.springer.com/article/10.1007%2Fs10103-019-02798-1#
https://link.springer.com/article/10.1007%2Fs10103-019-02798-1#
https://link.springer.com/article/10.1007%2Fs10103-019-02798-1#
https://link.springer.com/privacystatement
https://link.springer.com/article/10.1007%2Fs10103-019-02798-1#
https://link.springer.com/article/10.1007%2Fs10103-019-02798-1#
https://link.springer.com/article/10.1007%2Fs10103-019-02798-1#

