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Abstract
Purpose of Review Breast cancer–related lymphedema (BCRL) is a common sequelae among breast cancer survivors. This
review provides updated information on recent studies to prevent, diagnose, and actively treat women with BCRL.
Recent Findings In total, 63 articles were identified from 2015 and 2020 that assessed incidence, risk factors, surveillance,
measurement and definition, treatment, and awareness of BCRL. Depending on the approach and timing of assessment,
BCRL incidence rates ranged from 9.1 to 39%.Modified radical mastectomy, number of positive lymph nodes, and postoperative
complications were linked to BCRL risk, in addition to chemotherapy, radiation, axillary lymph node dissection, advanced
cancer stage, and higher body mass index. Early detection showed favorable BCRL outcomes (e.g., severity, symptoms).
Exercise, self-management, complete decongestive therapy, bandaging, and surgery had positive effects on BCRL outcomes.
Summary Numerous gaps exist within BCRL literature, such as the value of self-reported surveillance options to identify BCRL
early, measurement strategies, and definitions of BCRL. In terms of policies, efforts are needed to educate providers, patients,
payers, and legislators about the need for consensus to reduce the burden of BCRL in women being treated for breast cancer.
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Introduction

Breast cancer is the second most common cancer among
women in the United States (U.S.), with one in 8 wom-
en developing breast cancer during their lifetime [1].
Due to early detection from screening and advances in
treatment, more than 3.8 million breast cancer survivors
were living in the U.S. in 2019 [2]. As women with
breast cancer are living longer, cancer treatment–
related sequelae are important issues.

Women who receive breast cancer treatment, such as
radiation and lymph node removal (both complete dissec-
tion and sentinel), have a lifetime risk of developing breast
cancer–related lymphedema (BCRL) [3, 4]. Depending on

the method of measurement, threshold of diagnosis, length
of follow-up, and study population, the incidence of BCRL
ranges from 9.1 to 39% [5–14]. BCRL results from disrup-
tion of the lymphatic systemwhich prevents adequate drain-
age from lymphatic vessels. The accumulation of excess
protein-rich lymph fluid can cause abnormal swelling in
the upper extremity near and distal to the treatment site
[15, 16]. In the early stages of BCRL, soft tissue swelling
is observed due to lymphatic edema. As BCRL progresses,
the tissue consistency becomes more firm and is character-
ized by fibrosclerosis and fat deposition [17]. Women with
BCRL may experience pain, arm tightness, fullness, heavi-
ness, impaired upper extremity mobility and function, psy-
chological distress, and poorer quality of life (QOL) [15,
18–20]. BCRL may also negatively affect breast cancer sur-
vivors’ ability to engage in activities of daily living and
maintain employment, as well as increasing financial bur-
den due to incremental out-of-pocket costs of BCRL man-
agement [18, 21–23].

The recent National Comprehensive Cancer Network
(NCCN) guidelines for BCRL focus on prospective
screening, education, and intervention [24]. Among wom-
en at risk of developing BCRL, the goal of secondary
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prevention is to control arm swelling and manage BCRL
symptoms. In order to do so, the NCCN guidelines rec-
ommend pretreatment limb measurement of both arms at
baseline. When a woman treated for breast cancer notices
swelling or other BCRL symptoms on the treated side, her
healthcare provider should be notified. Healthcare pro-
viders should be notified immediately if a woman with
or at risk for BCRL experiences signs of infection in the
affected area. The NCCN guidelines also suggest that sur-
vivors should be educated about strategies for self-care
management, such as infection prevention measures, risk
reduction strategies, and maintenance of skin integrity on
the affected side. As BCRL negatively affects survivor-
ship quality among women with breast cancer, it is nec-
essary to consider current guidelines for clinical practice
and review recent studies to prevent, diagnose, and active-
ly treat women with BCRL.

Review of Recent Studies in BCRL

A narrative review of the literature was conducted in the
PubMed database using the search term “breast cancer–

related lymphedema” and restricted to articles published be-
tween 2015 and 2020. We initially identified 101 relevant
articles (Fig. 1), with 38 articles excluded due to not reporting
original research (n = 21), acute response to intervention (n =
3), qualitative studies (n = 5), and lack of relevance (n = 9).
The 63 articles included in this paper focused on BCRL inci-
dence (n = 10), risk factors (n = 16), surveillance (n = 6), mea-
surement and definition of BCRL (n = 56), effective treatment
(n = 21), and awareness, education, and professional advice-
seeking (n = 4).

Incidence

Incidence rates for BCRL vary depending on several factors,
including surgery type (axillary lymph node dissection
(ALND) vs. sentinel lymph node dissection (SND)), surveil-
lance method (self-report, bioimpedance spectroscopy [BIS],
arm circumference, perometry), and timing. Cumulatively,
within the past 6 years, published incidence rates ranged from
9.1 to 39% [5–14].

Several investigators still assessed BCRL incidence using
self-report [11–13], while others relied on BIS or arm circum-
ference for diagnosis [7, 8, 14]. Koelmeyer et al. (N = 753)

Fig. 1 Articles included in the
current breast cancer reports
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demonstrated that the timing of surveillance initiation may
play a role in BCRL diagnosis [8]. When surveillance via
BIS began more than 90 days post-surgery, 39% of those
screened met the criteria for BCRL; however, if surveillance
began pre-surgery or within 90 days of surgery, only 14%
were diagnosed with BCRL. Others noted a similar increasing
trend over time [14], with most patients with BCRL reporting
mild (68%) or moderate (24%) severity.

Risk Factors

Consistent with previous literature, recent studies demonstrat-
ed that receipt of chemotherapy (type not specified) [5, 10,
13], radiation [5, 10, 14], and axillary lymph node dissection
(ALND vs. SND) [5, 10, 14], as well as advanced cancer stage
[5, 10] and higher body mass index [10, 14, 25] were associ-
ated with higher risk of BCRL. Other factors, such as modi-
fied radical mastectomy [14], number of positive lymph nodes
[14], and post-operative complications [13], were also linked
to increased risk of BCRL.

When using BIS measurement to indicate clinical lymph-
edema (lymphedema index [L-Dex] score ≥ 10), women with
ALND or regional nodal irradiation had a higher L-Dex score
[6, 26]. Those with more severe BCRL as measured by higher
inter-limb volume difference were associated with lower edu-
cation, increasing time since cancer treatment, receipt of
ALND, and receipt of BCRL care (N = 331) [27]. Among
women with BCRL who underwent complete decongestive
therapy (a treatment strategy for BCRL), older age and longer
duration of tamoxifen use were associated with greater pre-
treatment arm volume, while lower activity level, shorter post-
operative duration, and greater post-operative weight gain
were associated with greater post-treatment arm volume
[28]. Additionally, older age (≥ 50 years), receipt of ALND,
radiation, and/or chemotherapy, advanced cancer stage dis-
ease, and abdominal obesity were associated with greater se-
verity of lymphedema [29, 30]. In another study (N = 342),
lymph node metastasis, weight gain since surgery, and greater
inter-limb circumferential difference were associated with in-
creased risk of persistent BCRL [31].

Among women at risk for BCRL (N = 462), those who had
greater self-efficacy regarding the ability to manage BCRL and
experienced BCRL-related emotional distress were more likely
to seek professional healthcare advice if symptoms arose [32].
Alcorso et al. (N = 166) found that medical history and psycho-
social factors were associated with adherence to BCRL self-
management strategies [33]. For example, greater time since
lymphedema diagnosis and higher levels of BCRL distress
were associated with lower levels of adherence to self-
management strategies, while those who underwent hormone
replacement therapy, had higher knowledge about BCRL, and
had positive beliefs about personal control of BCRL were as-
sociated with higher levels of adherence to these strategies [33].

Regarding physical function, BCRL chronicity and sever-
ity were not associated with arm weakness. However, depres-
sive mood, fear of using the affected arm, receipt of advice to
restrict use of the affected arm, activity limitation in the affect-
ed arm, and less upper extremity physical activity were asso-
ciated with higher risk of arm weakness (N = 80) [34].
Consequently, women who had arm weakness also self-
reported poorer upper extremity physical function [34, 35].
Women with greater fear of lymphedema, more pain, BMI
≥ 25 kg/m2, receipt of mastectomy, and receipt of ALND re-
ported lower function, whereas women with higher emotional
well-being and who had chemotherapy reported higher func-
tion. Interestingly, low-level changes in arm volume (relative
volume change 5–10%) and clinical BCRL (relative volume
change ≥ 10%) did not impact women’s ability to use the
affected arm for activities of daily living among those with
BCRL (N = 324) [35].

Surveillance

Routine surveillance beginning prior to surgery or the start of
neoadjuvant therapy offers the best opportunity for early detec-
tion of BCRL. Early detection allows for early treatment which
can reduce the severity of BCRL. An increasing focus in BCRL
research is the use of BIS as a feasible and useful surveillance
tool to assess limb volume and identify subclinical swelling.
Kaufman et al. assessed breast cancer patients for BCRL pre-
surgery via BIS (N = 206) [6]. Those who were diagnosed with
subclinical BCRL and subsequently treated with over-the-
counter compression garments for 4 weeks did not progress to
chronic BCRL, even when they were high-risk (i.e., ALND,
radiation, and/or neoadjuvant chemotherapy). Similar results
have been published by others [7, 9, 36, 37]. Kilgore et al.
(N = 146) noted that the mean time to BCRL onset was less than
1 year post-surgery [7], and Ridner et al. (N = 508) reported that
significantly more patients assessed via arm circumference mea-
surement required compression garment use (p < 0.001) and be-
gan using the garments sooner compared with patients assessed
with BIS (p < 0.002) [36]. One Australian study (N = 753) ex-
amined surveillance timing and found that fewer breast cancer
patients who began surveillance via BIS pre-surgery or within
90 days of surgery were diagnosed with BCRL (14%) compared
with patients who began BIS surveillance more than 90 days
post-surgery (39%; p < 0.001). Those who began surveillance
later also reported more severe disease [8].

Measurement and Definition of BCRL

Arm Circumference and Volume

The definition and cut points of BCRL using arm circumfer-
ence differed by study, which led to variations of BCRL prev-
alence across studies. For example, Zou et al. (N = 387) used
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an absolute circumference change of 2 cm in the affected arm
at any point after breast cancer surgery [14]. Between 1 and
24 months post-surgery, 2.5–29.4% women experienced
BCRL onset. Among women who developed BCRL, severity
also changed over time. Between 1 and 24 months post-sur-
gery, 53.8–68.4% women had mild (circumference change ≤
4 cm), 23.7–46.2% had moderate (circumference change 4–
6 cm), and 0–7.9% had severe BCRL (circumference > 6 cm)
[14]. Yoon et al. (N = 33) used the maximal circumference
difference to classify BCRL severity from mild (< 2 cm) to
moderate or above (≥ 2 cm). According to this criteria, 42%
had mild and 58% had above moderate BCRL [29].

Penn et al. defined BCRL as having a circumference dif-
ference ≥ 1 cm between arms or having a circumference dif-
ference < 1 cm, but having evident pitting edema or subcuta-
neous tissue hardening [31], whereas Buchan et al. (N = 41)
used an inter-limb circumference difference ≥ 5% indicating
clinical lymphedema [38]. Moreover, the inter-limb circum-
ference difference among women with BCRL varied across
studies by measurement methods. The average inter-limb cir-
cumference difference calculated using the sum of arm cir-
cumferences ranged from 2 to 7% [38–42], while using trun-
cated cone formula to calculate the inter-limb circumferential
difference (N = 128), the average difference was 15% [39].

Similarly, the inter-limb volume difference varied across
studies by measurement methods. BIS is routinely used to
measure arm volume [7–9, 29, 36, 38, 39, 43]. Reported
inter-limb BIS ratios ranged from 1.0 to 3.7%, with a ratio ≥
3 indicating lymphedema [38, 39, 43]. L-Dex is another com-
monly used ratio, comparing the extracellular fluid of the af-
fected and non-affected limbs by BIS [44]. Among women
with BCRL, the L-Dex scores ranged from 16.1 to 23.5, var-
ied by garment use status [8, 40], and progressed over time
with an average increase of 1.6–2.3 L-Dex units per year [8].

The International Society of Lymphology recommended
calculating arm volume from circumferences using the trun-
cated cone formula [28, 36, 45–52]. The average inter-limb
volume difference (percentage of excess volume) ranged from
20 to 34% among women with BCRL [28, 48–50]. Using this
method among 32 women with BCRL, 14–22% had mild
lymphedema (inter-limb volume difference ≤ 250 mL), 22–
29% had moderate (inter-limb volume difference 250–
500 mL), and 56–57% had severe lymphedema (inter-limb
volume difference > 500 mL) [45]. The Upper Extremity
Lymphedema Index (UEL index) was developed to assess
arm volume calculated from circumferences and adjusted for
BMI [53]. The average UEL index was 103.6 (N = 50, range
73.4–143.3) [30], and the inter-limb difference in UEL index
was 16.2 before BCRL treatment (N = 25) [54]. Among wom-
en with BCRL (N = 50), those > 50 years and cancer stage > 3
were more likely to have a higher UEL index [30].

When using displaced water to quantify BCRL severity,
the inter-limb volume differences ranged from 16 to 25%

(sample size ranged from 41 to 141) [39, 55, 56]. Among
women with BCRL(sample size ranged from 23 to 141),
20–61% had grade 1, 39–42% had grade 2, and 0–31% had
grade 3 lymphedema according to the NCI Common
Terminology Criteria for Adverse Events (CTCAE) v3.0
[39, 56, 57].When using an optoelectronic perometer to quan-
tify inter-limb volume, the average inter-limb volume differ-
ence among women with BCRL ranged from 2 to 13% (sam-
ple size range from 26 to 296) [27, 34, 43, 51]. Among women
with BCRL (N = 129), 49–59% had inter-limb volume
difference < 5%, 14–16% had inter-limb volume differ-
ence 5–9.99%, 8–20% had inter-limb volume difference
10–19.99%, and 14–17% had inter-limb volume differ-
ence ≥ 20% [51].

Other measures of BCRL have been investigated to poten-
tially allow measurement in non-clinical settings. Self-report
and self-measurement of BCRL symptoms, arm circumfer-
ence, and risk assessment have been studied in the recent past.
Self-reported lymphedema symptoms successfully identified
women at risk for BCRL and those with BCRL (N = 250),
focusing on the number of symptoms reported rather than
the symptoms themselves [58]. Other researchers developed
a clinical evaluation tool that could standardize BCRL assess-
ment (Breast Cancer–related Lymphedema of the Upper
Extremity [CLUE]), which incorporated multiple constructs
with results compared with findings from perometry, clinician
assessment, and self-report (N = 71). The developers are cur-
rently examining the tool’s response to change over time [59].
Rafn et al. studied the reliability and validity of arm circum-
ference self-measurement by patients with and without BCRL
(N = 41), with comparisons with physical therapists’ arm cir-
cumference measurements, as well as perometry to assess vol-
ume [60]. Agreement was strong and self-efficacy was
high without increasing patient anxiety. The Risk
Assessment Tool Evaluating Lymphedema (RATE-L)
developed by Basta et al. estimated BCRL risk accurate-
ly and was easy to use (N = 3136) [5].

Arm Function and Strength

According to objective dynamometer measured strength (lbs),
women with BCRL (N = 20) had lower arm strength in the
affected arm compared with the unaffected arm in shoulder
abduction (26.65 vs. 28.31 lbs), but similar in elbow flexion
(40.41 vs. 41.34 lbs), wrist flexion (24.28 vs. 24.21 lbs), and
grip strength (64.68 vs. 64.47 lbs) [46]. While among 80
women with BCRL, 61–97% self-reported arm weak-
ness, only 36% women were classified as having im-
paired arm strength according to an objective measure
using grip strength [34].

Range of motion (ROM) is another objective function as-
sessment measured by goniometer for women with BCRL
[61]. The ROM for the affected shoulder ranged from 126 to
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166° in flexion, 24–37° in extension, 107–156° in abduction,
25–39° in adduction, 48–90° in external rotation, and 25–68°
in internal rotation (sample size ranged from 20 to 69) [11, 46,
48, 62]. Mazor et al. (N = 20) found that compared with the
unaffected arm, ROM in the affected arm was lower in shoul-
der flexion, abduction, external rotation, and wrist extension,
but not in elbow flexion, extension, and wrist flexion [46].
When assessed by self-reported questionnaire, 11% of women
with BCRL experienced ROM deficits (N = 32) [45].

Additionally, clinical features of the affected arm can be
evaluated by ultrasound. Jang et al. (N = 47) found that 87% of
women with BCRL had detectable abnormalities in the affect-
ed shoulder. Specifically, 28% had a supraspinatus tendon
tear, 55% had subdeltoid bursal thickening, 30% had disten-
sion of the biceps brachii tendon sheath, and 23% had adhe-
sive capsulitis [63].

The Disability of Arm, Shoulder, and Hand Questionnaire
(DASH) is a valid, commonly used assessment for women
with BCRL to evaluate upper extremity limitations and the
ability to perform functional activities, with a higher score
indicating a higher level of functional ability [34, 35, 38, 48,
51, 63–66]. The average DASH score among women with
BCRL ranged from 27 to 60 (sample size ranged from 47 to
129) [34, 48, 51, 63, 65], and among women who underwent
breast cancer treatment (N = 61), it was 15–34 [64]. Findings
are consistent when using the shorter version of DASH ques-
tionnaires, the Quick-Disabilities of Arm, Shoulder, and Hand
(N = 160) [67].

BCRL Symptoms and Severity

The Norman Lymphedema Questionnaire is commonly used for
self-reported BCRL symptoms and severity [68]. A score of 1–3
indicates mild edema, 4–6 moderate edema, and 7–9 severe ede-
ma. Among women with BCRL (sample size ranged from 41 to
387), the average score ranged from 0.7 to 2.0, and 44–63%were
classified as mild edema, 25–48%were moderate edema, and 0–
15.1% were severe edema [14, 25, 38, 39, 56]. The average
number of symptoms ranged from 5 to 6 (sample size ranged
from 41 to 141) [38, 51, 56]. Although the number of symptoms
did not change, symptom severity decreased over time without
statistical significance (N = 41) [40].

The International Society of Lymphology staging is anoth-
er approach to define BCRL severity. Specifically, stage 1 was
defined as mild edema which was reversible with appropriate
limb position (with/ without pitting), stage 2 was moderate
edema that was not reversible with limb elevation (pitting
was present except in late stage 2 when more fibrosis occurs),
and stage 3 was lymphostatic elephantiasis with trophic skin
changes [69]. Using this definition, 8–54% women with
BCRL were classified as stage 1, 38–64% were stage 2, and
1–31% were stage 3 (sample size ranged from 41 to 180) [38,
50, 70]. Schmitz et al. recently developed a valid and reliable

clinical assessment (CLUE) to assess upper extremity symp-
toms including obscuration and contour, tissues texture, and
edema among breast cancer survivors (N = 351) [59, 71].

Penn et al. focused on persistent lymphedema among 342
women with BCRL [31]. They found that 67% breast cancer
survivors with unilateral arm swelling had persistent lymph-
edema, and 47.6% had mild (circumference difference ≤
2 cm), 27.9% had moderate (circumference difference 2.1–
3 cm), and 24.4% had severe (circumference difference >
3 cm) [31] swelling. Using BIS, Kilgore et al. found that 6%
of women at risk for BCRL (N = 146) may have persistent
lymphedema. In addition, women with more positive nodes
were more likely to have persistent BCRL, but time to onset of
BCRL, clinical tumor size, and number of lymph nodes were
not associated with the risk of persistent BCRL [7].

Most women who had BCRL experienced shoulder/arm pain
(sample size ranged from 41 to 324) [11, 13, 34, 35, 48, 55, 63,
65, 72]. A self-reported visual analog scale (0–10 or 0–100) is
commonly used to assess pain. On average, women with BCRL
(sample size ranged from 41 to 169) reported experiencing a
moderate level of shoulder/arm pain [11, 48, 55, 65, 72].

Various BCRL-related symptoms were evaluated across stud-
ies. Visual analog scales were self-reported in terms of arm heavi-
ness [48, 72], tightness [48, 62, 65], sensation of weight, tension,
sense of numbness, and limitation of daily living activities [62, 65].
Among women with BCRL (N= 134), 37% experienced at least
one cellulitis episode since diagnosis [49] and had an average of
2.2–2.8 episodes of cellulitis per year (N = 180) [41]. Other
BCRL-related symptoms, such as stiffness [47], chronic skin dam-
age [13], fibrosis [13], peripheral neurologic symptoms [13], and
BCRL recurrence [38], were also examined across individual stud-
ies. Ochalek et al. (N= 45) used stiffness index to compare active-
resting pressures under the sleeve between affected and unaffected
arms and found the average stiffness index was 10mmHg [47]. In
a study conducted by Rupp et al., among women who underwent
breast-conserving cancer treatment who had BCRL (N= 284),
59% reported chronic skin damage, 51% reported fibrosis, and
67% reported peripheral neurologic symptoms [13]. Buchan
et al. (N= 41) examined BCRL presentation and found 36.6% of
women had recurrent BCRL [38].

Quality of Life

Various questionnaires have been developed and used among
women with BCRL to evaluate QOL, including the
Lymphedema Quality of Life (LYMQoL) [41], EORTC
QLC-C30 [12, 73] and EORTC QLQ-BR23 [12], Functional
Assessment of Cancer Therapy-Breast +4 (FACT-B+4) [38],
Lymphedema Symptom Intensity and Distress Scale-Arm
(LSIDS-A) [67], Profile of Mood States-Short (POMS) [67],
Coping Orientation to Problems Experienced (COPE) [67],
Medical Outcome Study (MOS) Social Support Survey [67],
Lymphedema Evaluation Following Treatment of Breast
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Cancer (LEFT-BC) [35], and the Lymphedema International
Classification of Functioning (LYMPH-ICF) questionnaires
[54]. A new 14-item QOL scale developed by Williams
et al. for those with upper limb lymphedema was both feasible
and valid for use in multiple settings, as well as being respon-
sive to change [74]. A newer QOL questionnaire developed
by De Vrieze was also shown to be responsive to change [75].

Although QOL questionnaires differed across studies,
women with BCRL reported consistent physical and psycho-
logical burden, including fear of lymphedema, difficulty with
activities of daily living, minimization of arm use due to
BCRL, impairment of shoulder/arm movement, poorer phys-
ical and emotional well-being, and lower scores in the do-
mains of role, cognitive, social, behavioral, sexuality, neuro-
logical symptoms, general health, future perspective, mood,
fatigue, coping, appearance, breast symptoms, arm symptoms,
and overall QOL [12, 13, 34, 35, 38, 41, 49, 54, 67, 73].

Healthcare Utilization, Financial Toxicities, and Occupational
Impact

Recent studies examined healthcare utilization among women
with BCRL.Women with BCRL (N = 753) who had complet-
ed at least 6 months of BCRL surveillance had 4 healthcare
visits per year on average [8]. Within 2 years after breast
cancer surgery (N = 56,075), 2.3% women with BCRL had
at least 1 hospitalization for complicated lymphedema [76].
Compared with women without BCRL, women with compli-
cated BCRL had higher rates of all-cause admissions (IRR =
5.02, 95%CI 4.76–5.29) and higher rates of lymphedema-
related admissions (IRR = 2.09, 95% CI 1.93–2.26) [76]. In
terms of long-term healthcare in breast cancer survivorship,
Cheville et al. (N = 1800) evaluated various aspects of
healthcare utilization, including (1) evaluation and manage-
ment, (2) procedures, (3) imaging, (4) tests, (5) durable med-
ical equipment, (6) physical/occupational therapy, (7) other,
and (8) exceptions/unclassified categories [77]. Women with
BCRL used > 30% more overall services annually compared
with breast cancer survivors without BCRL, and the increas-
ing utilization of each aspect ranged from 24.6 to 97.4%.
Although the increased utilization attenuated over time, it
persisted for at least 10 years after diagnosis [77].

Compared with women without BCRL (n = 54,796), wom-
en with BCRL (n = 1279) had higher total healthcare costs
($58,088 vs. $31,819 per patient) [76]. In a study (N = 129)
where 98% of breast cancer survivors had insurance, the an-
nual health-related out-of-pocket costs excluding productivity
losses was higher among those with BCRL compared with
those without BCRL ($2306 vs. $1090), corresponding to a
112% higher cost [51]. About half of the out-of-pocket costs
were attributed to lymphedema-related needs. Higher out-of-
pocket cost was linked to delayed retirement, reduced employ-
ment, and increased inability to access lymphedema care [51].

Additionally, women with BCRL faced higher overall month-
ly direct costs, higher office visit co-pays, higher costs of
medication, and higher other out-of-pocket costs [51].

Among women with BCRL (N = 134), more than half re-
ported that lymphedema affected their careers (e.g., work dis-
turbance, changed relationship with colleagues and superior,
workplace adaptations), especially among those with severely
impaired arm use [49]. Those who had higher global and
lymphedema-related impairments (e.g., dominant arm lymph-
edema) were more likely to have arm-use limitations for pro-
fessional activities. In addition, 7.5% women with BCRL had
job changes related to BCRL or treatment [49].

Effective Treatment

Exercise

Exercise continues to be a widely studied treatment modality
for BCRL, with many studies reporting positive outcomes.
Zhang et al. found that among BCRL patients (N = 141)
who participated in slowly progressive weight-lifting for
12 months, arm composition (e.g., lean mass, bone mineral
density and arm fat) improved, and improvements in lean
muscle mass were associated with lower BCRL severity
[56]. Another study (N = 69) combined aerobic activity with
strength-training, and after 4 weeks, patients reported better
shoulder ROM and pain when compared with patients receiv-
ing decongestive therapy (p < 0.05) [11]. When aerobic activ-
ity and resistance training were evaluated separately, Buchan
et al. (N = 41) observed no change in BCRL status for either
group after 12 weeks; however, clinically meaningful im-
provements in endurance, aerobic fitness, and QOL were not-
ed for both groups, although they were not significant [38].
Considering alternatives to aerobic and resistance-training ac-
tivities, BCRL patients (N = 40) who participated in an 8-
week yoga intervention reported no significant change in limb
volume, although significant improvement in QOL was noted
(p < 0.05) [73]. Schmitz et al. (N = 351) found that overweight
BCRL patients who participated in a home-based exercise and
weight loss program for 1 year (included walking plus resis-
tance training, meal replacements, and lifestyle modification
counseling) experienced no significant improvement in limb
volume, suggesting that a facility-based programmay produce
better results [71].

Two studies examined the effect of compression garment
use when engaged in physical activity as treatment for BCRL.
In an 8-week intervention involving low-intensity resistance
training with and without compression garment use, Omar
et al. (N = 60) observed no between-group differences, but
significant improvements in limb volume, pain severity, limb
heaviness and tightness, shoulder ROM, and QOL for both
groups were reported [48]. Singh et al. (N = 41) noted similar
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results, questioning whether compression garment use during
exercise was necessary for women with BCRL [40].

Two studies examined exercise as a prevention strategy for
breast cancer patients who were at higher risk for lymphedema.
After 6 months of resistance training (N = 27), no differences in
arm circumference from pre- to post-intervention were observed,
although no adverse events were reported, suggesting that resis-
tance training may be safe for those at higher risk for lymphede-
ma [42]. Mazor et al. (N = 20) reported significant improvement
in both ROM and strength among high-risk BCRL patients who
completed an 8-week yoga program [46].

Self-management

Effective lymphedema self-management includes behaviors such
as compression garment use, lymph flow exercises, good hygiene,
self-lymphatic drainage, and avoiding injury and infection. One
study found that BCRL patients (N= 166) were adherent to an
average of 5 out of 7 behaviors, with few (19.5%) adherent to
all 7. Most (98.2%) were adherent to skin care, with far fewer
(65%) adherent to self-lymphatic drainage. Higher knowledge of
self-management recommendations was associated with greater
adherence [33]. Mestre et al. conducted a pilot study (N= 40) to
evaluate a novel auto-adjustable nighttime arm sleeve for use by
BCRL patients undergoing decongestive therapy [78]. Patients
were adherent most (85%) nights over the 3-month study period
with no adverse events reported. The sleeve was easy to use,
comfortable and well-tolerated by patients, and while not signifi-
cant, limb volume increase was lower among patients using the
nighttime arm sleeve compared with those not wearing the sleeve.

Self-management was also studied for BCRL prevention
(N = 61). The Self-management of Lymphedema Program in-
cluded prevention education (e.g., injury prevention, signs
and symptom), arm circumference measurement, QOL assess-
ment, and lymphatic drainage. After 6 months, significant
positive outcomes were observed between intervention and
control patients in BCRL development; 61.2% of those in
the control group developed BCRL, while none of the inter-
vention patients developed it (p = 0.000). Better QOL
(p < 0.05) and fewer symptoms (p ≤ 0.05) were also reported
for the intervention group [64].

Complete Decongestive Therapy

Complete decongestive therapy (CDT) is a common treatment
method that incorporates multiple components (e.g., manual
lymphatic drainage, compression, bandaging), and ongoing
research seeks to improve methods used. One recent trial
(N = 169) determined that at least 7 sessions (CDT sessions
5 days per week for 3–4 weeks) were needed to improve
symptom severity in at least 83% of the patients, with positive
changes noted for both pain and heaviness [72]. Cakit et al.
(N = 58) also noted that obesity negatively impacted long-

term CDT efficacy [50]. Examining a new approach,
Ligabue et al. enrolled BCRL patients (N = 41) in a 1-month
training program to learn self-administered CDT [55]. After
6 months, women participating in self-administered CDT re-
ported less pain (p = 0.01) and less asymmetry (p < 0.01). In
addition, excess limb volume decreased by 8% in the inter-
vention group.

Bandaging

Bandaging is an important element of CDT, and a few studies
have investigated bandaging techniques and adherence to im-
prove outcomes. Oh et al. (N = 46) found that the spica ban-
daging method (i.e., wrapped in a figure 8 style) produced
greater limb volume reduction (p < 0.05) and limb function
(p < 0.05) compared with the spiral method [79], while
Ergin et al. (N = 32) reported that Kinesio Taping did not
improve limb volume [45]. In a separate study (N = 39),
Ergin and colleagues also noted that the length of time a ban-
dage was left in place (7–12 h vs. the preferred 13–24 h) had
no effect on limb volume [80].

Surgery

Surgical treatment for BCRL (i.e., vascular lymph node trans-
fer [VLNT] or lymphovenous anastomosis [LVA]) is still not
widely published, although Ngo et al. conducted a long-term
follow-up of 10 patients who underwent VLNT 28–66months
prior (mean follow-up = 46 months) [81]. Half had lower or
stable excess volume compared with volume at the time of
surgery, and most of those had reduced or discontinued com-
pression garment use. Non-adherence to compression garment
use was reported by more than half of the patients who expe-
rienced increased excess limb volume at follow-up, which
may have contributed to poorer outcomes. In a study of
BCRL patients 12 months post-LVA (N = 25), 76% main-
tained patency and reported significantly improved QOL
(p < 0.000); although not significant, researchers noted clini-
cally meaningful improvements in arm circumference, com-
pression garment use, and infection [54]. Chang and col-
leagues evaluated breast reconstruction surgery with VLNT
± LVA (N = 33) and observed significant limb volume reduc-
tions at 3 and 6 months post-surgery (p = 0.037 and p = 0.043,
respectively), but those improvements disappeared by
12 months (p = 0.43) [82]. All patients who had the addition
of LVA surgery reported symptom improvement.

Awareness, Education, and Professional Advice-
Seeking

Unfortunately, few breast cancer patients receive information
about lymphedema prior to diagnosis [70]. Those who are
encouraged to seek advice from a healthcare professional
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may benefit from a better understanding of BCRL risk man-
agement, improved adherence to risk management strategies,
and better QOL [41]. Sherman et al. reported that women at
risk for BCRL (N = 462) are more likely to seek lymphedema
advice from healthcare professionals if they had some lymph-
edema knowledge, believed that seeking advice was useful,
and experienced distress concerning their lymphedema risk
[32]. In a study among BCRL patients (N = 160), Ridner
et al. evaluated a Web-based Multimedia Intervention
(WBMI) focused on symptom burden, function, psychologi-
cal well-being, arm volume, and cost vs. an informational
pamphlet [67]. While more patients read the pamphlet than
completed the WBMI (p = 0.011), the WBMI was reported to
offer better self-care education (p = 0.001).

Conclusion

BCRL is a side effect of treatment for breast cancer, although less
acknowledged over time. There has been an abundance of re-
search on the incidence, prevalence, morbidity, and treatment/
prevention of BCRL, as well as surveillance techniques. This
review has identified, however, many areas that needmore atten-
tion to fully understand BCRL and its sequelae.

First, there are many opportunities to explore self-reported
surveillance options to identify BCRL early in order to reduce
the burden on healthcare system (e.g., self-measured arm cir-
cumference); however, replication and reproducibility studies
of this method are needed [60].Moreover, pre-surgery surveil-
lance with BIS could identify patients with subclinical BCRL
who could benefit from compression garment use for 4–
6 weeks after surgery, as consistent evidence has shown a
positive response to this approach in terms of BCRL resolu-
tion [6–9, 36, 37].

Secondly, in the area of BCRL-related outcomes, several
areas need further investigation. In terms of arm circumfer-
ence/volume, not all of the studies reported the average per-
cent of inter-limb difference. The absolute value of arm
circumference/volume is not interpretable without controlling
for the unaffected arm and body weight. Unfortunately, dif-
ferent methods were used to assess circumference/volume in
the reported studies. Some studies used direct measurement,
while some used arm volume that was calculated from indirect
measures, e.g., volume was calculated frommeasured circum-
ference. Additionally, the cut points for BCRL and BCRL
severity have persistently varied across studies, making stan-
dardized guidelines necessary for effective diagnosis and
treatment extremely difficult to establish.

Arm function and strength is also not well-studied.
Objective measures of ROM were used in several studies;
however, all focused on absolute values. The extent to which
BCRL affects ROM of the affected shoulder/arm is not clearly
known. Multiple questionnaires have been developed and

used to assess BCRL-related symptoms across the studies.
Without consistency, however, it is impossible to compare
results across studies. For example, a visual analog scale
was used for some of the questionnaires where pain was
scored 0–10 [34, 48, 65], 0–100 [11, 72], or 0–5 scale [35],
making it difficult to summarize and compare pain severity
across studies.

While QOL is an important and common outcome in treat-
ment and survivorship studies, many different QOL question-
naires have been used to acquire assessments to cover various
domains, resulting in the lack of consistency across studies.
Financial toxicity is a commonly ignored long-term effect of
cancer/cancer-related treatment. Besides comparing healthcare
visits/costs between patients with and without BCRL, other valid
and reliable measures on financial burdens should be considered,
such as loss of productivity, use of and the ability to use sick
days, and inability to perform activities of daily living. Thus,
much more work needs to be done to assess, quantify, and ad-
dress the effects of BCRL. Once identified, these aspects can be
studied to move implementations into clinical care.

The last area that has received even less attention is policy.
This area is broad and involves standards of care, as well as
national policies. At the clinical care level, standards of care
should include the use of routine processes for identifying
patients at increased risk for BCRL; education of at risk wom-
en regarding the risk factors, signs/symptoms, and strategies
to avoid serious swelling; measurement before surgery/
treatment and at regular intervals as part of surveillance/
routine care; referral to physical therapy to assist with return
to full ROM as soon as possible after surgery and easy exer-
cises to improve arm strengthen; and training and certification
of appropriate staff to provide lymphedema services. To
achieve this ideal situation, concerted effort will need to be
made to educate providers, patients, payers, and legislators to
all come to a common agreement about how to reduce the
burden of BCRL in women being treated for breast cancer.
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