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Abstract: Breast cancer-related lymphedema (BCRL) is a negative sequela of breast cancer (BC) caused
by trauma to the lymphatic system during surgery or radiation to the axillary lymph nodes. BCRL affects
approximately one in five patients treated for BC, and patients are at a lifelong risk for BCRL after
treatment. Early diagnosis of BCRL may prevent its progression and reduce negative effects on quality of
life, necessitating comprehensive prospective screening. This paper provides an overview of technology
that may be used as part of a BCRL screening program, including objective measures such as perometry,
bioimpedance spectroscopy, tissue tonometry, and three-dimensional optical imaging. Furthermore, this
paper comprehensively reviews the technology incorporated into the established prospective screening
program at Massachusetts General Hospital. Our prospective screening program consists of longitudinal
measurements via perometry, symptoms assessment, and clinical examination by a certified lymphedema
therapist (CLT) as needed. Discussion about use of perometry within the screening program and
incorporation of arm volume measurements into equations to determine change over time and accurate
diagnosis is included [relative volume change (RVC) and weight-adjusted change (WAC) equations]. Use of
technology throughout the program is discussed, including a HIPPA-compliant online research database,
the patient’s electronic medical record, and incorporation of BCRL-related symptoms [BC and lymphedema
symptom experience index (BCLE-SEI) survey]. Ultimately, both subjective and objective data are used
to inform BCRL diagnosis and treatment by the CLT. In conclusion, the role of technology in facilitating
BCRL screening is indispensable, and the continued development of objective assessment methods that are
not only reliable and valid, but also cost-effective and portable will help establish BCRL screening as the

standard of care for patients treated for BC.
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Introduction

From 1989 to 2016, breast cancer (BC) mortality has
decreased 40%; therefore, patients are living longer after
treatment (1). Furthermore, one in five patients treated
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for BC will develop BC-related lymphedema (BCRL), a
result of BC treatment (2). BCRL is a negative sequela of
BC caused by trauma to the lymphatic system by surgery

or radiation to regional lymph nodes, which may impair

mHealth 2021;7:11 | http://dx.doi.org/10.21037/mhealth-19-218


https://crossmark.crossref.org/dialog/?doi=10.21037/mhealth-19-218

Page 2 of 14

lymphatic drainage (3). This mechanical insufficiency of
the impaired lymphatic system results in the collection
of cellular and proteinaceous lymphatic fluid in the
interstitium, which may cause swelling in the affected
limb (4). Previous studies have established risk factors
including body mass index (BMI) >30 kg/m’ at the time
of BC diagnosis, low volume swelling, axillary lymph
node dissection (ALND), regional lymph node radiation
(RLNR), and cellulitis (5,6). Additionally, a greater number
of lymph nodes removed and nodes positive for metastatic
disease increase risk of BCRL, although this may be a
conduit for more intensive treatment of the lymph nodes
and disease stage (6-11). Moreover, there are new insights
into other potential risk factors for BCRL. Specifically,
immediate reconstruction after mastectomy appears to
decrease BCRL risk (12-16). Neoadjuvant (17) and taxane-
based chemotherapy (18-20) regimens have been implicated
to increase BCRL risk, although this remains somewhat
controversial as other studies have not found a significant
association between taxane-based chemotherapy and BCRL
risk (21). Although a trend toward significance was found
between trastuzumab treatment and breast lymphedema,
this was a small study and further research is required
(22). Association between tumor-specific features, such
as peritumoral lymph-vascular invasion and extranodal
extension and BCRL has also been found (20). Finally, there
is preliminary evidence suggesting a possible role of genetic
predisposition in BCRL development after BC (23,24).

BCRL is a progressive and chronic illness requiring
lifelong care and support, which makes early diagnosis
crucial for its management. Severity of BCRL ranges, and
it can be characterized into four stages (Ia-III): latent or
subclinical lymphedema (changes in tissue composition and
development of symptoms), spontaneously reversible (pitting
edema), spontaneously irreversible (non-pitting edema), and
lymphostatic elephantiasis (accumulation of adipose and
fibrotic tissue) (5). Not only does BCRL cause a myriad of
symptoms and functional impairments, it also significantly
and adversely affects quality of life (QOL) (5,25).

Detecting lymphedema through surveillance allows
for early recognition, diagnosis, and treatment. This
is preferable to an impairment-based model, wherein
patients are diagnosed once clinical swelling is visible by
examination and symptoms are apparent, because BCRL
becomes less responsive to treatment and is associated with
greater risk of complications and decreased QOL (26-31). A
comprehensive prospective screening program is currently
recommended by the International Society of Lymphology
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(ISL), National Lymphedema Network (NLN), American
Society of Breast Surgeons (ASBrS) and the National
Comprehensive Cancer Network (NCCN) (5,32-37).

Since its establishment in 2005, the BCRL prospective
screening program at Massachusetts General Hospital
(MGH) has screened over 5,000 women (5,32,37,38). We
incorporate technology into clinic workflow to efficiently
maximize patient care, to view screening data longitudinally
throughout survivorship, and to facilitate communication
within our multidisciplinary medical team. Technology also
facilitates the capture of objective data electronically within
a large research database, for ease of data organization,
storage, and analysis. This paper will explore the role of
technology in the MGH screening program and, more
generally, the vital role of technology in facilitating the
prospective detection of BCRL.

Objective measurement of BCRL

In their 2011 Position Statement, the NLN asserts that
it is imperative to screen patients at risk of developing
lymphedema, which is concordant with evolving evidence
that early intervention may prevent the progression to
irreversible BCRL (34,35,39-46). Multiple forms of
measurement exist to detect BCRL. However, these methods
are not interchangeable and variations in measurement of
BCRL have made it difficult to standardize reported rates of
BCRL (47-49). Regardless of method, measurements must
be taken preoperatively to establish a baseline measurement
and avoid misdiagnosis (5,32,37,42,50). In a preclinical
study performed using perometry, 28.3% of patients had
a pre-existing arm asymmetry of >5%, whereas 2.9% of
patients had a pre-existing arm asymmetry of >10% (51).
Furthermore, without a preoperative baseline measurement,
41.6% of patients were under diagnosed and 40.1% over
diagnosed with BCRL at a relative volume change (RVC)
>5% as compared to 50.0% and 54.8% of patients at
RVC 210% (51). The NLN, ISL, ASBrS, NCCN, and
the National Accreditation Program for Breast Centers
(NAPBC) all recommend baseline measurements for
accurate diagnosis (5,32,37,50,51). In the following section,
we will outline technology that facilitates the reliable, valid,
and accurate diagnosis of BCRL.

Perometry

Infrared optoelectronic perometry is a reliable, valid,
and accurate tool used in volumetric analysis for BCRL
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Figure 1 Perometer.

screening (35,52,53). The Perometer (Figure I) consists
of a frame of infrared emitter and receiver pairs that slides
along a track over the entire length of the limb, measuring
from 53 mm from the fingertips to the axillary crease. The
Perometer collects two-dimensional information from each
arm to calculate arm circumference measurements every
4.7 mm and summates the volume using the truncated cone
method (54). Measurements, collected in milliliters, are
maintained within the PeroPlus 2000® software on a PC
desktop (Figure 2) (55). To ensure the quality of Perometer
measurements, one must confirm the arm is abducted to 90
degrees at the shoulder, fully flat and without bends in the
elbow or wrist, making adjustments to the patient’s position
as needed (Figure 2). Although the Perometer is limited to
measuring limb edema, immobile, and expensive (33,54,56),
it is reliable, valid, efficient, diagnostically accurate, able
to detect subclinical BCRL, and requires a small space for
measurement (3,35,52,53). The Lymphedema Research
Program at MGH incorporated perometry into its
screening program in 2005 for the aforementioned reasons
and its ability to maintain longitudinal clinical and research
databases. The Perometer fits well into our clinic workflow
and has become a mainstay of our screening program (3).

It should be noted that in the absence of perometry,
limb volume may be calculated automatically using
circumferential tape measurement (CTM). Circumferential
girth measures taken at regular intervals along the arm
(e.g., every 4 or 10 cm) may be entered into commercially
available software for volume calculation (57). With
careful training and practice, CTM is a reliable and valid
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measurement of limb volume (49). Of note, limb volumes
should incorporate volume at preoperative baseline and
take into account the opposite arm as a comparison or body
weight fluctuations, which will be further discussed.

Bioelectrical impedance spectroscopy (BLS)

BIS utilizes a low frequency current to measure impedance,
affected by the opposition of extracellular fluid and body
fluid (resistance and reactance, respectively) to electrical
flow (58). Although it requires a small space for measurement
and it is expensive, BIS has been shown to be a reliable
and diagnostically accurate tool to diagnose and detect
established BCRL (56,58-60). However, its ability to detect
advanced lymphedema is limited as this is fat-, rather
than fluid-dominant, and its ability to detect subclinical
lymphedema is not strongly supported (61-63). Resistance
and reactance are calculated over a range of frequencies
to generate a Lymphedema Index (L-Dex) ratio (58). For
unilaterally affected patients, the L-Dex score is a measure of
the extracellular fluid in the affected limb (58). Previously, a
patient was considered to have clinical lymphedema when the
measured L-Dex score was > +10 units from baseline (40), the
threshold for diagnosing clinical lymphedema has since been
lowered to an L-Dex score > +7.1 units from baseline (64-66).
Recently, it is thought that the threshold for diagnosis
may be even lower, at a change in L-Dex > +6.5 units from
baseline (65).

The L-Dex U400 has been utilized in the MGH BCRL
screening program for research purposes, but has been
discontinued by the manufacturer given the advent of newer
BIS equipment, SOZO® (Figure 34), which our team has
since added in a research capacity (67). To obtain an L-Dex
score using SOZO®, the patient’s palms and feet are aligned
flat in the center of the SOZOtouch® and SOZOstep®
plates, respectively (68). SOZO® performs impedance
measurements at 256 frequencies (69), thereby generating
a semicircular curve to extrapolate impedance values at RO
and Rinfinity (58), which are stored within the SOZOhub®
online database (68). BIS measurements provide Cole
plots as visual representation of the data output. Measured
impedance values are plotted along a semicircular curve
and experience varying degrees of scatter at the extreme
ends of the range of resistance, reflective of interference
in the measurement (Figure 3B) (69). Cole plots, thereby,
should be used to assess the quality of the measurement (69).
At MGH, SOZO® is currently used solely for research
to identify potential complementary roles of BIS with
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Figure 2 Perometer output within the PeroPlus 2000® software.

perometry. It is not currently used within our clinical
screening program as its role has not been clearly delineated
in terms of diagnosing subclinical BCRL, although other
facilities do screen with SOZO® at this time.

Tissue tonometry

Tissue tonometry analyzes tissue water of the skin and
cutis by measuring a tissue dielectric constant (TDC) at
a frequency of 300 MHz (54). The MoistureMeter-D®
(Delphin Technologies) consists of a measuring unit
and four handheld probes providing varying effective
measurement depths (0.5-5 mm) (Figure 4). The
appropriate probe is placed on the skin’s surface for up to 10
seconds to measure a TDC, which increases proportionally
with water content and edema (56). The TDC values may
be converted to absolute local tissue water (LTW) values
(%), which have been found to be significantly different
between patients with and without BCRL (71). In patients
with BCRL, TDC values of the unaffected (contralateral)
arm are not significantly different from TDC values
measured in patients treated for BC without BCRL, or in
healthy women (72). Studies have found that TDC values
in the lymphedematous arm are significantly higher (44%
to 65%) than those in the unaffected (contralateral) arm.
(73,74).

TDC has an interclass correlation coefficient (ICC)
of 0.996 (95% CI: 0.965-1.000) for inter-rater reliability,
and an ICC of 0.996 (95% CI: 0.965-1.000) for intra-
rater reliability (54). Of note, trunk and breast edema
affect approximately a third of patients treated for BC one
year postoperatively (58,59). As TDC may be used in any
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anatomic location, it may be helpful in identifying and
quantifying edema in the breast and trunk, for example,
for which there are limited measurement options (60,61).
Though not currently in use by the Lymphedema Research
Program at MGH, we hope to explore tissue tonometry’s
ability to measure trunk and breast edema. Although
expensive, tissue tonometry is sensitive, portable, can
provide segmental and unilateral measurements, and can
quantify edema in areas previously difficult to measure
(20,24,56,62). Its role in lymphedema screening and its
ability to identify subclinical lymphedema continues to
evolve in the literature.

Three-dimensional (3D) optical imaging

3D depth-sensing imaging has been established as a novel
tool to screen for BCRL (75-78). One method of 3D
imaging, stereophotogrammetry, uses a 5-pod setup of 15
cameras to capture visual information from the entire arm,
capturing the lower and upper arm separately (75). In a 2016
study by Hameeteman et 4/., 3D stereophotogrammetry was
confirmed to be a diagnostically valid and reliable method
of screening for BCRL [ICC: 0.997 (95% CI: 0.992-0.999),
P<0.001) (75). In a follow-up study by Hoevenaren ez 4l.,
3D stereophotogrammetry was validated as an accurate
and reliable tool to detect BCRL in the affected hand (76).
Furthermore, 3D imaging has been developed to reliably
characterize segmental swelling by capturing the shape
information, such as circumference and circularity, which
accounts for a change in volume of the upper limbs of
BCRL patients (78).

LymphaTech, Inc. has developed an optical three-
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Figure 4 MoistureMeter-D® (70).

dimensional imaging system (3DIS) (Figure 5), which utilizes
an infrared depth sensor integrated into a computer tablet
with custom accelerometer software to detect and monitor
lymphedema (77). The protocol developed by Yahathugoda
et al. was used to detect lymphatic filariasis (LF) of the lower
limbs. Patients screened for LF stand at the center of an
open space with their feet shoulder-width apart. Standing
2-3 feet away from the patient, the examiner points the
tablet camera at the patient’s legs, adjusts the sizing box
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superimposed on the tablet’s screen data capture window
for the depth sensor, and walks in a circle surrounding
the patient to capture the entire surface of both limbs,
measured two times by three different examiners (77).
The median intra-examiner coefficient of variation for
3DIS volume measurement was 1.1% (IQR 0.5-2.1%),
whereas the median inter-examiner coefficient of variation
(at 24 cm) was 1.3% (IQR 0.8-1.9%). Variation increased
with progression of LF (77). However, in a validation study
conducted by LymphaTech, Inc., LymphaTech was found
to be highly correlated with water displacement and CTM
(r*>0.98), suggesting that the device may serve as a valid tool
in diagnosing BCRL (77). With adequate space, this protocol
may be adapted to measure upper limbs in the detection and
management of BCRL. As its role in lymphedema screening
is evolving, we have incorporated LymphaTech as a research
tool in MGH’s screening program to validate the results of
3DIS in comparison to perometry and to define its potential
adjunct role in BCRL screening. 3DIS technology, although
still costly, may propose a cheaper alternative to current
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Figure 5 LymphaTech 3DIS (79).

clinical technology for calculating limb volume. Additionally,
the flexibility and portability of 3DIS has broad implications
for its utility in BCRL screening programs in under-
resourced or at-home settings.

BCRL screening program at Massachusetts
General Hospital (MGH)

With increasing longevity of patients treated for BC, it is
important to address potential adverse effects of treatment
that impair functionality and QOL. Therefore, it is
imperative to implement BCRL screening to detect and
manage BCRL before progression to later stages (32,37).
Since its inception in 2005, the MGH prospective screening
program has screened over 5,000 women to promote
the early detection of BCRL. Our screening program
incorporates longitudinal measures of limb volume via
perometry, symptoms assessment, and clinical exam by a
certified lymphedema therapist (CLT) as needed. We have
implemented a multidisciplinary, team-based approach
including medical, surgical, and radiation oncologists,
CLIT5, and nurse practitioners. The breast center is located
within one outpatient ambulatory care unit, where the
multidisciplinary team of medical, surgical, and radiation
oncologists all see the patient. This centralized approach
has been crucial to our ability to screen and follow up
regularly with a large volume of patients without disrupting
clinic workflow. After treatment, patients are screened every
3-8 months (3). Within our patient cohort, the median time
of onset of BCRL is 18-24 months (3); however, patients
are at a life-long risk of developing BCRL. Therefore,
patients are screened according to their individual risk
factors, symptoms and requests of physicians and CLTs, as
well as the patient.

© mHealth. All rights reserved.
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In general, BCRL is diagnosed at MGH in at-risk
patients with at a relative or weight-adjusted volume change
[RVC (80) or WAC (81)] of 210%, whilst integrating
patient symptoms and confirming through clinical exam by
a CLT. BCRL is not ruled out at RVC or WAC <10%, but
rather volume data is integrated with individual risk factors,
patient-reported symptoms and clinical exam by a CLT.

When suspected upon limb volume measurement or
patient report of symptoms, patients are referred to the CLT
by their provider for evaluation. Patients are seen in a timely
fashion, and diagnosis and treatment are considered. BCRL
is staged at MGH using the ISL staging system (82). When
patients are diagnosed with BCRL, treatment may include
some or all of the following: patient education, exercise,
compression, manual lymphatic drainage and self-care.

Limb volume measurement: infrarved perometry

At MGH it is the role of Clinical Research Coordinators
(CRCs) to operate the Perometer and collect limb
measurements; however, this role could be assumed by
anyone who is trained and works within close proximity
to the Perometer, e.g., a medical assistant, nurse, resident,
etc. (3). All measurements are taken 53 mm from the
fingertips (Perometer default) to the axillary crease while
the patient is seated perpendicular to the adjustable table
and shoulder is abducted 90° from the midline (Figure I).
Both the table and chair can be adjusted to achieve the
ideal position. Measurements are performed in triplicate
on each arm (3).

Quantifying arm volume change

As previously discussed, a baseline measurement is crucial
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for accurate diagnosis (51). We developed two formulae that
incorporate preoperative baseline measures and calculate
relative change. The RVC equation, developed in 2008,
quantifies arm volume changes in unilaterally affected
patients. In summary, RVC = (A/U,)/(A,/U,) — 1, where
A, and A, are arm volumes on the affected side at pre- and
postoperative measurements and U, and U, are arm volumes
on the contra-lateral side at corresponding time points (48).
In 2013, our team developed the weight-adjusted change
(WAC) equation to be used for bilaterally affected patients,
which analyzes the baseline preoperative measurement
and current median arm volume to calculate a change in
independent arm volumes (81). Briefly, WAC = (A,W,)/
(W,A)) - 1, where A, and A, are pre- and postoperative
arm volumes, respectively, and W, and W, are the patient’s
weights at the corresponding time points (81).

Segmental analysis is calculated on arm volume
measurements upon request by the patient’s CLT and/or
if a patient note that symptoms are localized to a specific
region of the arm. Segmental measurements are performed
on the PeroPlus 2000° software. First, anatomical
landmarks are identified and marked [wrist, olecranon
process (OP), £10 cm from the OP marker, axilla] such
that volumes from each arm are analyzed in triplicate of
the following segments: full arm, wrist to axilla, OP to
axilla, wrist to OP, OP =10 cm. In a retrospective subset
analysis of a larger prospective cohort trial, Stout et 4l
noted a significant volume increase (P<0.001) at the
arm segment between 20-30 cm before a diagnosis of
subclinical BCRL (83). Segmental volume changes at the
20-30 cm and 10-20 cm segment correlated to the total
limb volume change with coefficients of determination of
r'=0.952 and r°=0.845, respectively (83). In a cohort of 55
unilaterally-affected BCRL patients, Daniell ez /. found
that more than 1/3 (19/55) of patients with an overall
RVC of 5% to <10% had at least one segment with an
RVC >10% (84). Segmental increases in volume may be
predicted on multivariate analysis by history of ALND
with (P=0.018) or without RLNR (P=0.069) and a BMI
>30 kg/m’ at baseline (P=0.076) (84). Segmental increases
in volume may be predictive of BCRL, so we perform
segmental analysis of upper limb volumes selectively, using
the PeroPlus 2000® software and REDCap in conjunction
with symptom assessment, to help identify areas of
swelling when whole arm volume does not indicate BCRL.
Our implementation of segmental analysis is currently
evolving as we establish its utility in BCRL screening.

We realize that at times it is not possible to obtain
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preoperative baseline limb volume measurements,
or patients may come to the facility to transfer care
from an outside hospital without baseline limb volume
measurements. In these cases, as with all of our patients,
we rely on integration of screening data, including limb
volume measurements at the time of follow-up [this would
be absolute arm volume difference left to right, realizing
that many patients have baseline arm asymmetry (51)],
subjective or symptom data and patient report, and clinical
examination. We consider individualized risk factors, and
synthesize this data together when considering a BCRL
diagnosis for each patient (3).

Epic®

Epic® is an electronic medical record software accessible
by all providers within the Partners HealthCare System.
This software is used across academic research centers
and community health locations alike. It also has a patient
portal component, Partners Patient Gateway, which allows
patients to access medical records and communicate
with providers (85). One can access pathology notes and
other relevant provider notes to gain information such
as the patient’s diagnosis date, age at diagnosis, previous
BC diagnoses and breast surgeries, as well as course of
treatment to identify potential risk factors for developing
lymphedema. One can also access vital signs, height and
weight, and body mass index, which are used in BCRL
analysis. Furthermore, Epic® is used to determine other
clinical drug and/or radiation trials on which patients are
enrolled, which may put them at higher risk for edema.
Determination of patient risk, based on the factors listed
above, informs patient education and guides the frequency
of patient follow-up appointments. Within Epic®, the
CRC documents a patient’s arm volume measurements. All
patients seen in the clinic are documented in Epic®, such
that all longitudinal measurements are viewable. These
measurements can be accessed by anyone with access to
the patient’s chart, notably CLTs and oncology providers
to track the patient’s progress and use this information to
guide further treatment.

REDCap

Data collected by the Lymphedema Research Program
is maintained in REDCap, a research database tool used
for secure data collection (86). Our REDCap database
captures information on patient demographics, clinical

mHealth 2021;7:11 | http://dx.doi.org/10.21037/mhealth-19-218



Page 8 of 14

and pathophysiological factors, treatment-related data,
lymphedema therapy treatment, symptoms, and risk
factors. Limb volume measurements are transcribed from
the PeroPlus 2000® software into REDCap for all patients
with a pre-surgical baseline to calculate the RVC of the
affected arm for unilaterally affected patients and a WAC
for bilaterally affected patients. For patients with a SOZO®
baseline, these measurements are also transcribed into
REDCap for tracking of L-Dex changes. REDCap houses
the data of patients with a baseline measurement and is
also used to calculate segmental measurements. Moreover,
The Lymphedema Research Program at MGH utilizes
R-Studio to clean data for analysis in Microsoft Excel.
Utilization of REDCap, R-Studio and Microsoft Excel
have allowed a focus on research database management and
thereby facilitated the speed of analysis within our research
program.

Electronic collection of symptoms

Patients with BCRL report lower QOL than those without
BCRL (29) and the symptoms experienced by BCRL
patients may account for some of these impairments (49).
The role of symptoms, such as heaviness, fullness, and/or
numbness of the affected limb (87), has been of increasing
focus in the literature, as there is a nonlinear relationship
between symptoms and severity of BCRL (29,88).
Moreover, not one symptom or group of symptoms alone is
diagnostic for BCRL. It is important that BCRL screening
not only incorporates objective measurements and
clinical examination when necessary, but also incorporates
symptoms (87). Development of symptoms may precede
detectable swelling and may indicate early BCRL (49,87).
Our program aims to not only assess symptoms but also
the associated distress caused by the symptoms, as BCRL-
associated symptoms may cause social, psychological,
and/or emotional distress (29,89). For these reasons, the
Lymphedema Research Program has implemented the BC
and Lymphedema Symptom Experience Index (BCLE-
SEI), established by Fu ez 4l (30,90). The BCLE-SEI is
a 5-point Likert-type self-report instrument evaluating
the occurrence and distress from real-time BCRL
symptoms (90). The survey assesses 26 different symptoms
in the following manner (91): “Have you had __? If YES,
How severe?” Patients can rate each symptom on a scale
of 0-4: 0 indicating no presence of symptoms and 4
indicating very severe symptoms (90). Additionally, the
BCLE-SEI evaluates distress experienced in activities of
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daily living, affect, cognitive, and behavioral distress (90).
To assess distress caused by BCRL symptoms, the
survey asks, for example: “How much do your symptoms
negatively affect your mood or cause psychological
distress?” It is also validated in both paper and electronic
forms (91). We chose to implement the BCLE-SEI, a
reliable and valid tool for patients with BCRL to report
symptoms, as this survey aptly captures distress associated
with BCRL symptoms.

At MGH, the BCLE-SEI is administered via an
electronic tablet with an individualized QR code such that
responses are automatically downloaded to REDCap. A
secure, HIPAA-compliant link may also be shared with the
patient via email to complete the survey with automatic
database filling remotely on a personal smart phone or
computer. If the patient prefers, a paper BCLE-SEI can be
administered in place of the tablet. When administering
paper surveys, they are labeled with the patient’s unique
identifier and date given, and patients are provided with
a self-addressed and pre-stamped envelope for ease of
entering these responses into REDCap retrospectively.
Symptoms are recorded in REDCap so they may be
incorporated into data analysis for each research project.

Case-Study: following a patient through use of technology
in the MGH BCRL screening program

The following hypothetical case study will be used to
highlight the use of technology on a patient in the MGH’s
BCRL prospective screening program.

On August 26, the CRC makes a schedule for BCRL
screening for August 27. In Epic®, the CRC has access to
all patient appointments in the unit. It is the role of the
CRC to crosscheck all patients with appointments in Epic®
for August 27 with the PeroPlus 2000® software for history
of BCRL screening. All newly diagnosed preoperative
and postoperative patients, as well as those being seen by
a CLT, and those with identified risk factors who have a
baseline measurement are considered for addition to the
schedule. The CRC finds, upon consulting the notes within
the PeroPlus 2000° software, that Jane Doe is a patient
who has received a right lumpectomy and an ALND with
4/23 nodes positive for metastasis in April 18, 2017 and has
received RLNR. Mrs. Doe was last measured on October 6,
2018 and is coming in for a follow-up appointment with her
radiation oncologist tomorrow.

Due to the presence of multiple risk factors for BCRL,
Ms. Doe would be considered a high priority patient for
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a screening visit. The CRC utilizes Ambulatory Patient
Tracking, an electronic system that allows providers to
monitor the status of patients within the unit throughout
their care, so that he or she can collect Ms. Doe either from
the waiting room, or after her appointment from her room
within the Breast Center. If Ms. Doe has either been told
by her physician that she should receive arm measurements
or feels symptomatic, she can notify the front desk, who
in turn pages the CRC to alert him or her that the patient
requests measurements so that the patient can be seen
promptly.

During the appointment, the CRC measures both of
her arms in triplicate with the Perometer. Throughout
these measurements, the CRC asks Ms. Doe about her risk
factors and symptoms, recording her risk factors as well as
her arm volumes calculated by the Perometer (Figure 2)
into REDCap/EPIC®. Once the CRC has measured Ms.
Doe’s arms and input these values into REDCap/EPIC®
to calculate her right RVC, Ms. Doe agrees to complete
the BCLE-SEI on the tablet. The CRC generates Ms.
Doe’s unique QR code through REDCap and enters it into
REDCap on the tablet to give Ms. Doe access to the survey.
While Ms. Doe completes the survey, the CRC inputs the
measurement data from REDCap to a flow sheet within
Epic® so that today’s measurement, along with Ms. Doe’s
longitudinal series of follow-up measurements are visible
in her synopsis. Once Ms. Doe has completed the survey,
the CRC notifies her that she has a right RVC of 7.65%.
We have found it prudent to report the patient’s RVC to
her after completing the symptoms questionnaire, to not
unconsciously bias her answers.

If not already referred to a CLT, the CRC educates
the patient that she may be referred to a CLT for further
treatment if she wishes, as she has a slightly elevated RVC,
which means she is at risk of progression to BCRL (44). If
Ms. Doe requests a referral, the CRC sends an email to the
CLT, who practices in a separate wing of the hospital. The
CLT then sets up the referral for BCRL evaluation and
treatment at the earliest available opening. If Ms. Doe had
a right RVC of 10% or greater, she would be referred to a
CLT automatically. However, even without an RVC >10%,
unique risk factors of the patient and symptoms reported,
in addition to the calculated RVC would be considered by
the team in making the decision to refer a patient to a CLT.
Once established with a CLT, Ms. Doe may come in for
regular arm measurements, which may be scheduled within
Epic®. If Ms. Doe chooses to forgo treatment with a CLT,
the CRC may make a note in the PeroPlus 2000° software
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that Ms. Doe had an elevated right RVC of 7.65% on
8/27/19, and to measure her at her following appointment,
such that when the CRC is making the schedule, it will be
clear that the patient is of high priority.

The geographically-centralized patient care team and
multidisciplinary approach to patient-centered care has
been of the utmost importance in facilitating longitudinal
screening using rather basic technology, without disrupting

clinic work flow for the BCRL Screening Program at
MGH.

Future directions

The future of BCRL screening and management lies
in valid, reliable, diagnostically accurate, portable, and
affordable tools for screening in the clinic and for patient
self-screening in the community (5,32,33,37,92). Although
the centralized geographic location of our care team has
been instrumental to the success of our patient-centered
continuum of care at MGH, we recognize that this is not
always feasible, particularly in community hospitals and
under-resourced settings. Although this paper does focus
on the role of technology in sustaining a comprehensive
prospective screening program for BRCL, we want to
underscore the importance of screening, with or without
technology. We want to emphasize the importance of
implementing a screening program wherein baseline
measurements are taken and follow-up measurements are
performed accurately and consistently. CTM is a reliable
and valid form of volume-based measurement (32,33,82,92).
for BCRL screening and it may be used in conjunction with
commercially available software programs that calculate
limb volumes from girth measurements (57).

There are many new technologies being developed to
improve surveillance of BCRL. Machine learning may take
on a crucial role in future clinical care, as many risk factors
for BCRL have been described; however, it is difficult
to predict a patient’s unique risk that incorporates the
importance of individual risk factors (93-95). By analyzing
30 variables, ranging from demographics, surgery, radiation,
and systemic therapy, Taghian ez /. sought to analyze all
potential risk factors to generate a user-friendly nomogram
to generate a weighted and specific prediction of a patient’s
risk of BCRL (94). We see machine learning to be a useful
tool not only to generate a patient-specific prediction of risk
of developing BCRL, but also to discover the underlying
relationship between BCRL and its relevant symptoms,
which are difficult to analyze with classical statistics (91).
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A study performed by Fu er /. analyzed the reliability
and accuracy of five algorithms for machine learning and
detection of BCRL based on symptoms (91). Although Fu
et al. could not yet verify patients’ BCRL status, their study
shows that by using an artificial neuronal network (ANN)
classifier, the accuracy, sensitivity, and specificity of real-
time BCRL detection can be improved (91).

Furthermore, investing in telehealth and provision
of a tool that is both portable and affordable could
revolutionize screening and management of BCRL. 3D
imaging technology (75-78), made available through an
augmented mobile device, supplemented with high-quality,
patient-centered educational material, could help bridge
gaps in the continuum of care (90,96). In a 2016 study, Fu
et al. described the development of The-Optimal-Lymph-
Flow health I'T system (TOLF), a patient-centered mobile
interface focused on education and self-care habits, that
can collect self-reported symptoms data via the BCLE-
SEI with high reliability and validity (90,96). We hope to
see the development of technology that facilitates at-home
measurement that does not compromise the reliability,
validity, and accuracy of BCRL detection and management,
but rather provides a more comprehensive continuum of
care and improved QOL.

In conclusion, prospective lymphedema screening for
patients treated for BC is recommended. In concordance
with guidelines published by the NLN, ISL, ASBrS, and
NCCN, we advise the implementation of comprehensive
screening programs, utilizing baseline measurements, as
standard of care to facilitate the early detection of BCRL
(5,32,33,37). However, in the absence of an established
program, patient education regarding individual risk factors,
potential BCRL symptoms and the imperative nature of
early diagnosis should be used (90).
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