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A B S T R A C T

Purpose
This study examined the lifestyle and clinical risk factors for lymphedema in a cohort of patients who
underwent bilateral breast cancer surgery.

Patients and Methods
Between 2013 and 2016, 327 patients who underwent bilateral breast cancer surgery were pro-
spectively screened for arm lymphedema as quantified by the weight-adjusted volume change
(WAC) formula. Arm perometry and subjective data were collected preoperatively and at regular
intervals postoperatively. At the time of each measurement, patients completed a risk assessment
survey that reported the number of blood draws, injections, blood pressure readings, trauma to the
at-risk arm, and number of flights since the previous measurement. Generalized estimating
equationswere applied to ascertain the association among arm volume changes, clinical factors, and
risk exposures.

Results
The cohort comprised 327 patients and 654 at-risk arms, with a median postoperative follow-up
that ranged from 6.1 to 68.2 months. Of the 654 arms, 83 developed lymphedema, defined as
a WAC $ 10% relative to baseline. On multivariable analysis, none of the lifestyle risk factors
examined through the risk assessment survey were significantly associated with increased WAC.
Multivariable analysis demonstrated that having a body mass index$ 25 kg/m2 at the time of breast
cancer diagnosis (P = .0404), having undergone axillary lymph node dissection (P = .0464), and receipt
of adjuvant chemotherapy (P = .0161) were significantly associated with increased arm volume.

Conclusion
Blood pressure readings, blood draws, injections, and number or duration of flights were not
significantly associated with increases in arm volume in this cohort. These findings may help to
guide patient education about lymphedema risk reduction strategies for those who undergo bilateral
breast cancer surgery.

J Clin Oncol 35:3934-3941. © 2017 by American Society of Clinical Oncology

INTRODUCTION

Although surgical and targeted treatments for breast
cancer have improved survival, treatment com-
plications remain a significant concern for patients.
Breast cancer–related lymphedema (BCRL) is one
complication caused by damage to lymph nodes
through surgical intervention and/or radiation,
which may interrupt the circulation of lymph fluid
and precipitate edema of the arm, breast, or
trunk.1-3 Associated symptoms, such as decreased
arm functionality, pain, heaviness, changes in skin
quality, and high rates of infection (eg, cellulitis),

may compromise overall quality of life (QOL) and
are significant sources of distress in at-risk patients.4,5

Survivors of breast cancer have a lifelong risk of
developing lymphedema.6-8

The etiologic factors that contribute to the
development of BCRL and potential lifestyle
strategies aimed at minimizing lymphedema risk
after breast cancer surgery are frequent points of
discussion and controversy in the literature.9 Well-
defined risk factors include axillary lymph node
dissection (ALND), regional lymph node radi-
ation (RLNR), and high body mass index (BMI),
with mastectomy, chemotherapy, and older age
at diagnosis demonstrating an association on
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occasion.7,8,10-13 Why some patients with the same demographic,
surgical, and treatment-related characteristics develop lymphe-
dema and others do not remains unclear. This lack of knowledge
has prompted speculation about whether lifestyle-related risk
exposures play a causative role.14 The position statement of the
National Lymphedema Network15 outlines precautionary rec-
ommendations intended to reduce the risk of developing lym-
phedema in at-risk breast cancer survivors, which include the
avoidance of trauma, temperature extremes, skin infections,
venipuncture (eg, blood draws, intravenous infusions), and limb
constriction (eg, blood pressure readings) on the ipsilateral arm.
These guidelines play a significant role in patient education with
regard to post-treatment lifestyle but have not evolved in the face of
ongoing surgical and treatment advancements.9

With limited high-level evidence to support or refute the risk of
blood pressure measurements and needle punctures in lymphedema
development, patientsmay experience distress because of their risk for
BCRL and their need to avoid such medical procedures throughout
their life.9,16 These restrictions may prove especially problematic in
patients who receive bilateral treatment of breast cancer and who are
at bilateral risk for BCRL because optimal health care necessitates
procedures in the at-risk arm, which make the evaluation of whether
there is a sound scientific basis for precautionary behaviors imper-
ative. Currently, . 20% of all patients with breast cancer undergo
bilateral surgery,17-19 and a pressing need exists to provide high-level
data and reassurance to these patients about the safety and efficacy of
using their arms for medical procedures. Thus, we examined the
association between lymphedema and the commonly discussed
lifestyle risk exposures for BCRL, including blood pressure readings,
blood draws, injections, infusions, and air travel, in a prospective
cohort of patients who underwent bilateral breast cancer surgery.

PATIENTS AND METHODS

Study Design
Lymphedema screening program. With the approval of the Partners

Healthcare Institutional Review Board, we used perometry to prospectively
screen women with newly diagnosed breast cancer for lymphedema at our
institution from 2010 to 2016.20 The perometer is a reliable optoelectronic
system that uses infrared lamp light-receiver pairs contained within a frame.21

All patients underwent a preoperative baseline measurement22 and were
measured postoperatively and approximately every 3 to 8 months at regular
follow-up oncology visits or more frequently at the request of the patient.
Patients were also provided at each screening visit the Lymphedema Evalu-
ation Following Treatment of Breast Cancer questionnaire,23 which assesses
QOL issues, changes in upper-extremity functionality and use, and fear
perception and avoidance behaviors. Lymphedema diagnosis was contingent
upon both clinical examination and perometry.24-26 The protocol for pro-
spective lymphedema screening has been well established at our institution.20

Risk assessment survey. On the basis of a component of the lym-
phedema screening program, patients were asked to complete a risk as-
sessment survey at the time of every follow-up arm measurement. They
reported risk exposures, including the number of blood pressure readings,
blood draws, injections, trauma to the at-risk arm (eg, fractures), and
number and length of flights since their previous visit. Patients who
underwent bilateral breast cancer surgery began completing the risk as-
sessment survey after 2013. The analysis includes patients who underwent
bilateral surgery and completed the risk assessment survey during at least
one follow-up appointment. Data was incorporated in which both
a perometer measurement was obtained and a survey completed.

Quantifying arm volume changes. To quantitatively determine the
percentage arm volume change compared with preoperative baseline, the
previously validated weight-adjusted volume change (WAC) formula was
used [WAC = (A2W1) / (W2A1) – 1] for patients who undergo bilateral
breast surgery and thereby lack a contralateral control arm. A1 is the
preoperative and A2 the postoperative at-risk arm volume, and W1 andW2

are the patient’s weight that corresponds to these time points. The WAC
formula allows for the calculation of independent left and right arm
volumes and takes into account changes in the patient’s weight, which can
contribute to increases or decreases in arm volume unrelated to lym-
phedema.27 Lymphedema was defined as a WAC of $ 10% that occurred
. 3 months after surgery.28,29

Patient Population
This study included 327 patients who underwent bilateral surgery for

a diagnosis of primary breast cancer between 2013 and 2016. A total of 654
at-risk arms were evaluated; 622 of these represented mastectomies
(95.1%) and 32 lumpectomies (4.9%), of which 54% (355 of 654) were
performed for the treatment of breast cancer and 46% (297 of 654)
prophylactically. The number of at-risk arms was 654 because each breast
was considered individually. Patients who undergo prophylactic contra-
lateral mastectomy at our hospital typically have a sentinel lymph node
biopsy (SLNB) performed on their contralateral breast to stage an occult
breast cancer, which thus puts both arms at risk for lymphedema.

All patients had a preoperative perometer measurement and at least
6 months of postoperative follow-up. Only measurements that occurred
$ 3 months after surgery were used to determine the incidence of BCRL
because arm volume increases recorded within 3 months of surgery may be
attributed to transient postsurgical swelling.2,14 Demographic, clinicopath-
ologic, and treatment-related characteristics were obtained through medical
record review. To avoid potential confounding factors, measurements ob-
tained after local recurrence or distant metastases were excluded.

Statistical Analysis
Generalized estimating equations were used to assess the association

among WAC measured as a continuous variable, clinical risk factors, and
nonprecautionary behaviors. These models account for correlation within
the same patient and for patients who underwent bilateral breast surgery,
on the same side of the body. Longitudinal WACmeasurement was used as
the response variable. At each measurement, the number of blood draws,
injections, blood pressure readings, and traumas were analyzed as binary
variables categorized according to whether patients reported having had
one or more events versus none. Number of flights and hours spent on
flights in total since the last follow-up were analyzed as dichotomous and
trichotomous variables, respectively. Univariable model results were used
to estimate and plot the mean WAC within each subgroup for categorical
clinical and risk factors along with the 95%CI for the mean and the P value
associated with the comparison of means. The multivariable model was
chosen in a backward selection fashion by starting with a full model that
included all variables that had a P , .10 in the univariable analysis and
variables considered to be known confounders and by removing one
variable at a time until only variables with P , .05 remained.

The Kaplan-Meier method was used to estimate the 2-year cumu-
lative incidence of lymphedema. Statistical analyses were conducted with
SAS 9.4 software (SAS Institute, Cary, NC) and R programming language
(www.R-project.org).

RESULTS

Patient Population
Median postoperative follow-up time in the cohort was

27months (range, 6 to 68months), whereas median age at diagnosis
was 47 years (range, 25 to 72 years). Median BMI was 25 kg/m2

jco.org © 2017 by American Society of Clinical Oncology 3935

Precautionary Guidelines for Breast Cancer–Related Lymphedema

http://www.R-project.org
http://jco.org


(range, 18 to 56 kg/m2). Medical record review indicated that of
654 treated breasts, 36 episodes of cellulitis in the breast and/or
the arm required treatment with oral or intravenous antibiotics
(Table 1). The 2-year cumulative incidence of BCRL, defined as
WAC $ 10%,28,29 was determined to be 11.8% (95% CI, 9.4% to
14.8%).

Precautionary Behaviors
Through the risk assessment survey, 1,795 events were re-

ported over 4,104 responses. Of the total of 4,102 responses, 209
patients (5.1%) reported having one or more blood draws in their
affected arms since their last measurement, 640 (15.6%) reported
blood pressure readings, 120 (2.9%) reported injections, and 52
(1.3%) reported trauma events (eg, bruising, fractures). Nineteen

percent of responses (n = 774) indicated one or more flights since
the patients’ last measurement (Table 2).

Univariable and Multivariable Analysis Results
By univariable analysis, no significant association was found

between an increased WAC and having undergone one or more
blood draws versus no blood draws (P = .4906), one or more in-
jections versus no injections (P = .0928), one or more incidents of
trauma to the at-risk arms versus no trauma (P= .5705), and number
(P = .2756) or duration (1 to 12 hours [P = .5223] and $ 12 hours
[P = .2524]) of flights versus none (Fig 1). In addition, cellulitis
infections were not found to be significantly associated with in-
creased WAC (P = .1179; Table 3). Factors significantly associated
with increased WAC were ALND compared with SLNB (P , .001),

Table 1. Demographic and Clinicopathologic Characteristics of Bilateral Cohort

Characteristic

Lymphedema, No. (%)

No Yes Overall

No. of arms 571 83 654
Age at diagnosis, years* 47 (28-72) 46 (25-69) 47 (25-72)
BMI, kg/m2* 24.7 (17.7-47.5) 28.8 (18-55.9) 25 (17.7-55.9)
Follow-up, months* 25.4 (6.1-68.2) 34.5 (7-65.7) 27.2 (6.1-68.2)
Postoperative visits* 4 (1-19) 6 (2-19) 4 (1-19)
Arm measurements* 5 (2-20) 7 (3-20) 5 (2-20)
Lymph nodes removed* 1 (0-33) 3 (0-41) 2 (0-41)
Tumor type
DCIS 46 (8.1) 5 (6.0) 51 (7.8)
Invasive 255 (44.7) 49 (59.0) 304 (46.5)
Not available 268 (46.9) 29 (34.9) 297 (45.4)

Breast surgery
Lumpectomy 30 (5.3) 2 (2.4) 32 (4.9)
Mastectomy 541 (94.7) 81 (97.6) 622 (95.1)

Axillary surgery
None 90 (15.8) 10 (12.0) 100 (15.3)
SLNB 405 (70.9) 40 (48.2) 445 (68.0)
ALND 76 (13.3) 33 (39.8) 109 (16.7)

Neoadjuvant chemotherapy
No 453 (79.3) 61 (73.5) 514 (78.6)
Yes 118 (20.7) 22 (26.5) 140 (21.4)

Adjuvant chemotherapy
No 321 (56.2) 37 (44.6) 358 (54.7)
Yes 250 (43.8) 46 (55.4) 296 (45.3)

Hormonal therapy
No 146 (25.6) 18 (21.7) 164 (25.1)
Yes 425 (74.4) 65 (78.3) 490 (74.9)

Radiation therapy
None 459 (80.4) 49 (59) 508 (77.7)
Chest wall only 32 (5.6) 7 (8.4) 39 (6.0)
RLNR 80 (14.0) 27 (32.5) 107 (16.4)

Breast reconstruction
No 40 (7.0) 6 (7.2) 46 (7.0)
Yes 503 (88.1) 75 (90.4) 578 (88.4)
Not available 28 (4.9) 2 (2.4) 30 (4.6)

Peripheral intravenous infusion
No 357 (62.5) 43 (51.8) 400 (61.2)
Yes 214 (37.5) 40 (48.2) 254 (38.8)

Median No. of infusions 0 1 0
Cellulitis
No 542 (94.9) 76 (91.6) 618 (94.5)
Yes 29 (5.1) 7 (8.4) 36 (5.5)

NOTE. Values are based on the number of treated breasts (n = 654).
Abbreviations: ALND, axillary lymph node dissection; BMI, bodymass index; DCIS, ductal carcinoma in situ; RLNR, regional lymph node radiation; SLNB, sentinel lymph
node biopsy.
*Data are median (range).
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breast/chest wall radiation and RLNR compared with no radiation
(P, .001), BMI$ 25 kg/m2 compared with, 25 kg/m2 (P= .0121),
and adjuvant chemotherapy versus no adjuvant chemotherapy
(P = .0168; Table 3). Univariable analysis showed that having one
or more blood pressure measurements versus none was signifi-
cantly associated with decreased WAC (P = .0109; 95% CI,21.26
to 0.03; Fig 1); this was no longer significant upon multivariable
analysis.

The only variables that retained significance uponmultivariable
analysis were BMI$ 25 kg/m2 (P = .0404), ALND (P = .0464), and
adjuvant chemotherapy (P = .0161). None of the risk exposures

analyzed were significantly associated withWAC in themultivariable
analysis (Fig 2; Table 4).

DISCUSSION

This study examined the association between the risk of lym-
phedema in patients who underwent bilateral breast cancer surgery
and lifestyle/clinical risk exposures for lymphedema. Precautionary
strategies aimed at minimizing BCRL risk after breast cancer
surgery are frequent discussion points in the literature. Although
risk reduction guidelines as described in the National Lymphedema
Network position statement15 are based on clinical reasoning,
limited high-level research supports or refutes their effectiveness.
Studies that sought answers about risk reduction guideline utility
are restricted in scope and are predominantly small, retrospective,
and single-site reports with cohorts that underwent mostly
ALND.9,30-32 Historically, studies demonstrated that women who
undergo bilateral ALND do not have an increased risk of BCRL
compared with those with unilateral lymph node dissection.33,34

To examine the current evidence, our team carried out
a comprehensive review of 31 studies that examined the association
between these exposures and BCRL. Only eight were prospective
cohort studies,10,14,35-40 among which four demonstrated a statis-
tically significant correlation between BCRL and commonly re-
ported lifestyle-based risk factors, namely infections,10,14 sauna
use,39 and skin puncture.40 In a small number of patients who
developed lymphedema after skin puncture, Clark et al40 found
a correlation between skin puncture and lymphedema in patients
who underwent ALND (n = 188). The authors did not look into the
temporal relationship between skin puncture and lymphedema
development, so the association could not be used to identify
whether the punctures themselves were a risk factor for swelling.
Clark et al noted in their discussion that replication of their work
with a larger sample that includes patients with SLNB is needed. All

Table 2. Summary of Reported Risk Events

Risk Event Lymphedema, No. (%)

No. of events 3,900 (No) 204 (No) 4,104 (Overall)
Blood pressure
None 1,052 (27.0) 88 (43.1) 1,140 (27.8)
One or more 621 (15.9) 19 (9.3) 640 (15.6)

Blood draws
None 1,469 (37.7) 102 (50.0) 1,571 (38.3)
One or more 204 (5.2) 5 (2.5) 209 (5.1)

Injections
None 1,556 (39.9) 104 (51.0) 1,660 (40.4)
One or more 117 (3.0) 3 (1.5) 120 (2.9)

Trauma
None 1,623 (41.6) 105 (51.5) 1,728 (42.1)
One or more 50 (1.3) 2 (1.0) 52 (1.3)

No. of flights
None 938 (24.1) 68 (33.3) 1,006 (24.5)
One or more 735 (18.8) 39 (19.1) 774 (18.9)

Hours of flights
None 934 (23.9) 68 (33.3) 1,006 (24.5)
1-12 389 (8.5) 23 (10.3) 412 (8.6)
. 12 406 (10.4) 18 (8.8) 424 (10.3)

NOTE. Values represent risk events reported by patients in the risk assessment
survey.

−3 −2 −1 0 1 2 3

Mean Difference in Arm Volume (WAC) in Subgroup (%)

> 12 flying hours

1−12 flying hours

No flying hours

One or more flights

No flights

One or more traumas

No trauma

One or more injections

No injections

One or more blood draws

No blood draws

One or more blood pressures

No blood pressures

Risk Factor P 95% CI

.0109

.4906

.0928

.5705

.2756

.5223

.2524

−0.54 to 1.12

−1.26 to 0.03

−0.73 to 0.74

−1.20 to 0.58

−0.68 to 0.74

−2.09 to 0.24

−0.72 to 0.70

−3.11 to 1.66

−0.72 to 1.13

−1.09 to 0.40

−0.72 to 1.14

−1.20 to 0.87

−1.48 to 0.46

Fig 1. Univariable analysis. WAC, weight-adjusted volume change.
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but one14 of the studies in our comprehensive review had cohorts
that underwent predominantly ALND, which made them higher-
risk populations because ALND contributes to an approximately

fourfold increased incidence of lymphedema compared with
SLNB.8 Of note, other studies have demonstrated that ipsilateral
skin puncture does not represent a risk factor for lymphedema;

Table 3. Univariable Analysis of Categorical Treatment Factors

Patient or Treatment-Related Risk Factor
Mean WAC in
Subgroup (%) 95% CI P

Surgical characteristics
Lumpectomy 22.03 24.89 to 0.82 *
Mastectomy v lumpectomy 0.14 20.40 to 0.67 .1418
No nodal surgery 20.32 21.19 to 0.55 *
SLNB v none 20.65 21.19 to 20.11 .4803
ALND v SLNB 2.45 1.13 to 3.78 , .0010

Radiation therapy
None 20.55 21.01 to 20.08 *
Breast/chest wall irradiation v none 1.11 21.90 to 4.11 .2806
Breast/chest wall + RLNR v none 1.82 0.54 to 3.10 , .0010

BMI, kg/m2

BMI , 25 20.65 21.19 to 20.12 *
BMI $ 25 v , 25 0.66 20.22 to 1.53 .0121
BMI , 30 20.17 20.71 to 0.38 *
BMI $ 30 v , 30 0.84 20.73 to 2.42 .2354

Systemic therapy
Neoadjuvant chemotherapy
No 20.26 20.86 to 0.34 *
Yes v no 0.93 20.22 to 2.07 .0718

Adjuvant chemotherapy
No 20.61 21.38 to 0.15 *
Yes v no 0.68 20.06 to l.43 .0168

Peripheral intravenous infusions
No 20.35 21.05 to 0.36 *
Yes v no 0.52 20.29 to 1.34 .1126

Hormone therapy
No 0.66 20.32 to 1.65 *
Yes v no 20.14 20.77 to 0.49 .1781

Reconstruction
No 0.35 21.59 to 2.28 *
Yes v no 0.13 20.43 to 0.69 .8324

Cellulitis
No 20.09 20.63 to 0.46 *
Yes v no 1.78 20.51 to 4.07 .1179

Abbreviations: ALND, axillary lymph node dissection; BMI, body mass index; RLNR, regional lymph node radiation; SLNB, sentinel lymph node biopsy; WAC, weight-
adjusted volume change.
*Specified variable or comparison was not analyzed.

RLNR

Breast/chest wall radiation

Adjuvant chemotherapy

Neoadjuvant chemotherapy

ALND

SLNB

BMI ≥ 25

Risk Factor

−4 −3 −2 −1 0 1 2 3 4

Mean Difference in Arm Volume (WAC) in Subgroup (%)

P

.0404

95% CI

.3792

.0464

.0899

.0161

.3879

.9523

0.05 to 2.02

−1.35 to 0.52

0.03 to 4.15

−0.15 to 2.12

0.22 to 2.19

−1.44 to 3.70

−1.86 to 1.75

Fig 2. Multivariable analysis. ALND, axil-
lary lymph node dissection; BMI, body
mass index; RLNR, regional lymph node
radiation; SLNB, sentinel lymph node biopsy;
WAC, weight-adjusted volume change.

3938 © 2017 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY

Asdourian et al



furthermore, surgical procedures on the at-risk arm have been
shown to not contribute to permanent arm swelling.14,39,41,42

With regard to limb constriction through the use of blood
pressure cuffs, no high-level scientific evidence suggests a relationship
between ipsilateral blood pressure measurements and arm swelling or
long-term adverse effects of tourniquet use on limb volume.43 Sur-
veyed breast oncology surgeons and clinicians have regularly dem-
onstrated a willingness to use tourniquets on the ipsilateral arm
during elective hand surgeries.44,45 This lack of evidential support
extends to air travel. Among eight studies that analyzed flight risk to
date, only one questionnaire-based study demonstrated that air travel
increases the risk for lymphedema.46 Several other objective studies
have not identified a causative link between flights and lymphedema
and have not demonstrated whether prophylactic compression
confers a benefit to at-risk women.11,14,36,40,46,47

In a recent prospective analysis, Ferguson et al14 assessed
whether lifestyle and behavioral risk exposures, including air travel,
blood draws, injections, blood pressure measurements, and cel-
lulitis infections, on the ipsilateral arm confer a risk for the de-
velopment of lymphedema. The analysis included 632 patients who
had undergone unilateral or bilateral surgery, each with a pre-
operative baseline measurement and an overall median follow-up
of 24 months. By multivariable analysis, none of the lifestyle risk
factors examined were associated with increased arm volume. The
only factors found to be significantly associated with arm volume
increase were a BMI $ 25 kg/m2, ALND, RLNR, and cellulitis.
Limitations of the study were a median follow-up time of
24 months, low incidence of risk events, potential for recall bias,
and lack of information about patients’ receipt of physical therapy.

In the current cohort of patients who underwent bilateral breast
cancer surgery, although the univariable analysis showed that one or
more blood pressure measurements had a significantly lower WAC
than no blood pressure measurements, neither group independently
demonstrated a significant arm volume change from baseline.
Furthermore, the significant difference was no longer observed upon
multivariable analysis. The factors found to be significantly associated
with arm swelling by multivariable analysis were BMI $ 25 kg/m2

at diagnosis, ALND, and adjuvant chemotherapy. High BMI
and ALND are well-substantiated risk factors for BCRL in the
literature.5,7,8,10,11,23,48-53 In the current cohort, adjuvant chemo-
therapy also was found to be a significant risk factor for the devel-
opment of arm swelling, which may be a reflection of transient
fluctuations in arm swelling as a result of taxane-based chemotherapy

regimens that have been found to contribute to mild arm swelling.54

Limitations of this study are similar to those of Ferguson et al,14

namely, the potential for recall bias as a result of the provision of the
risk assessment survey at inconsistent intervals and low incidence of
risk events. Our median postoperative follow-up, however, was longer
at 25.4 months for patients who did not develop lymphedema and
even longer (34.5 months) for patients who developed lymphedema.
Furthermore, our study collected data on breast and/or arm cellulitis,
which may play a causative role in the development or worsening of
arm swelling.55-60 We found that cellulitis infections are not sig-
nificantly associated with the development of BCRL. Some of these
patients may not have had readings right around the time of their
cellulitis (given the 3- to 8-month interval between measurements)
and/or may have had their swelling recede as the infection cleared
or as they received treatment by a certified lymphedema therapist
before their next perometry reading. As Ferguson et al and other
studies10,59-61 have found, cellulitis is significantly associated with
the development of arm swelling, and the importance of main-
taining skin integrity and avoiding infection is critical.

Unlike the study by Ferguson et al14 that only had a small
proportion of patients who underwent bilateral breast cancer
surgery, the current study represents an analysis of a large cohort of
patients at bilateral risk for BCRL to determine whether an as-
sociation between risk exposures and the development of lym-
phedema in this higher risk population exists. With consideration
of current developments in the surgical treatment of breast cancer,
specifically the increasing trend in younger women who undergo
contralateral prophylactic mastectomy and that approximately
20% of all patients with breast cancer undergo bilateral mastec-
tomy,17-19 we specifically analyzed this risk in a population where
the practice of precautionary behaviors may be difficult to im-
plement. For example, in patients with bilateral axillary surgery, if
at-risk arms are to be avoided, blood pressure readings may need to
be taken in the leg, which introduces potential inaccuracies.62

Interpretation of Ferguson et al14 has prompted controversy
and discussion. Some practitioners misinterpreted the study as
evidence to support changes in clinical practice and the complete
dismissal of all such precautions.63-68 Because the results of the
current study also demonstrate a lack of association between these
risk exposures and lymphedema development, we strongly em-
phasize that we do not consider these findings as sufficient data to
do away with current precautions provided to patients, and we do
not support changing clinical practice with regard to risk reduction
patient education. Our goal is to add to the research base and bring
reasonable doubt to current guidelines to ensure that any rec-
ommendations we give to patients are well-substantiated and
individualized to prevent unnecessary distress in light of historical
research and improved treatment modalities. Currently, the pro-
portion of patients who undergo SLNB for the assessment of
lymph node status in clinically node-negative breast cancer is
increasing, and this low-risk group now comprises approximately
80% of this population.69 Patients at different risk for BCRL should
be provided different precautionary guidelines, and we hope to see
a move toward a risk-adjusted approach in the application of these
guidelines pending high-level research. This topic must be further
studied prospectively through large-scale clinical trials. The goal of
our work on precautionary measures is to foster a dialogue about
these guidelines, but current guidelines should remain the standard

Table 4. Multivariable Linear Model

Risk Factor
Estimated Change

in WAC, %
Estimated
95% CI P

BMI $ 25 kg/m2 1.03 0.05 to 2.02 .0404
SLNB 20.42 21.35 to 0.52 .3792
ALND 2.09 0.03 to 4.15 .0464
Neoadjuvant chemotherapy 0.98 20.15 to 2.12 .0899
Adjuvant chemotherapy 1.21 0.22 to 2.19 .0161
Breast/chest wall radiation 1.13 21.44 to 3.70 .3879
RLNR 20.06 21.86 to 1.75 .9523

Abbreviations: ALND, axillary lymph node dissection; BMI, body mass index;
RLNR, regional lymph node radiation; SLNB, sentinel lymph node biopsy; WAC,
weight-adjusted volume change.
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of care until definitive evidence is available. The generation of new
studies and collaborative discussion will allow for progress in
improving patient QOL throughout survivorship.
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