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Abstract
Purpose of Review Breast cancer–related lymphedema (BCRL) is a chronic disease that results from a disruption or obstruction
in the lymphatic system and affects 15 in 100 individuals in the USAwith newly diagnosed breast cancer. As no curative therapy
exists for lymphedema, early detection is crucial in order to reduce the risk of developing late stage symptoms, such as swelling,
decreased limb flexibility, disfigurement, and impaired function of the extremity. The objective of this review is to discuss current
modalities and devices as well as highlight promising advancements intended to aid in diagnosing secondary lymphedema in
breast cancer patients.
Recent Findings Imaging techniques such as computed tomography (CT) and magnetic resonance imaging (MRI) can offer
high resolution of the lymphatics but are expensive and time-consuming. Single photon emission computed tomography
(SPECT) is an alternative that reveals organ function as opposed to organ structure. Other imaging methods, such as color
duplex ultrasound (CDU), laser scanner 3D (LS3D), and dual-energy X-ray absorptiometry (DXA), are relatively easy to
use, reproducible, and fast to perform. However, the disadvantages of these techniques include lower sensitivity and
specificity compared with CT and MRI. Of note, direct imaging techniques are highly effective for the diagnosis of
lymphedema because they utilize dyes or radiotracers in order to directly visualize lymphatic vessels. Fluorescent
microlymphography (FMLG) and near-infrared imaging (NIR) involve injection of fluorescent dyes that can be excited
with light. Lymphoscintigraphy has effectively replaced lymphangiography as the method of choice for the diagnosis of
lymphedema because it is safer, less invasive, and has no risk of causing an allergic reaction in patients. Novel approaches
that are currently in development include bioimpedance spectroscopy, ultra-high-frequency ultrasound systems (UHFUS),
and magnetic resonance lymphography (MRL).
Summary The wide range of diagnostic methods for BCRL exhibit the tradeoff between simplicity and sensitivity;
some techniques provide high resolution but are expensive and time consuming. On the other hand, other modalities
are easy to use, reliable, and relatively fast in execution yet lack the ability to precisely visualize the lymphatic system.
In review of these various techniques, lymphoscintigraphy serves as a clear gold standard for diagnosing secondary
lymphedema while more advanced and promising techniques continue to emerge as newer alternatives in clinical
practice.
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Introduction

As a result of aging and the growth of the world’s population,
the global burden of breast cancer continues to increase. In the
USA alone, the incidence of new breast cancer cases in 2016
was 15 in 100 individuals [1]. The steady increase in the
number of breast cancer survivors has provided for a new-
found emphasis on the treatment of long-term complications
of cancer and cancer-related treatment, such as breast cancer–
related lymphedema (BCRL). BCRL results from either a
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disruption or obstruction in the lymphatic system as a result of
removal of lymph nodes, receipt of radiotherapy, and/or
patient-specific factors such as obesity, higher body mass in-
dex (BMI), infections, or trauma [2–4]. While the functionally
intact lymphatic system drains lymph fluid, consisting of wa-
ter, protein, cellular debris, toxins, and other macromolecules,
and returns this fluid to the intravascular circulation, compro-
mised drainage results in accumulation of lymph fluid in the
interstitial space. Upper extremity lymphedema secondary to
breast cancer treatment causes enlargement and a sensation of
heaviness in the limb [5]. As a result, lymphedema affects
patient function, psychosocial adjustment after cancer, and
overall quality-of-life.

In addition to the lymph nodes, the lymphatic system is
comprised of both central and peripheral components. The
central lymphatic system consists of the cisterna chyli and
the thoracic duct that return lymph collected from peripheral
lymphatic vessels to venous circulation in the neck [6•, 7].
Central lymphatic system dysfunction results in a varied host
of disorders, encompassing congenital malformations (i.e., the
absence of the cisterna chyli), iatrogenic creation of
lymphoceles, and even acquired chylothorax [6•]. In order to
identify central lymphatic dysfunction and provide for appro-
priate management, Pamarthi et al. studied the role of magnet-
ic resonance lymphangiography as a diagnostic tool [6•]. The
peripheral lymphatics play a role in regulating the immune
response; consequently, immune dysfunction resulting in in-
creased susceptibility to infection or inflammatory disease can
be linked to poor function of the peripheral lymphatic system
[8]. Though infection and inflammatory disease result from
peripheral lymphatic dysfunction, a very common clinical
manifestation of this dysfunction is lymphedema [9].
Primary lymphedema is a congenital disorder due to develop-
mental defects in the lymphatics and consequent inability to
sufficiently drain lymph fluid. Secondary lymphedema is at-
tributable to a wider range of causes and risk factors, such as
surgery, inflammation, and/or fibrosis. Clinical manifestations
of lymphedema include elephantiasis, upper or lower extrem-
ity lymphedema, and chyluria [9].

The diagnosis of lymphedema is generally made based on a
detailed patient history and characteristic physical exam find-
ings. Though lymphedema almost always affects the distal
extremity, some patients with primary lymphedema can have
genital involvement. In the vast majority of cases, primary
lymphedema affects the lower extremities, with 50% of pa-
tients having unilateral disease and 50% having bilateral dis-
ease [10]. Physical exam techniques that can be used to quan-
tify a patient’s degree of lymphedema include tissue tonome-
try, circumferential limb measurements, and the measurement
with the greatest demonstrated accuracy, water displacement
tonometry [11]. The severity of lymphedema is stratified clin-
ically as mild, corresponding to a < 20% increase in extremity
volume, moderate, corresponding to an increase of 20–40% in

extremity volume, or severe, corresponding to an increase of >
40% in extremity volume [12]. Furthermore, patients with
lymphedema tend to exhibit pitting edema early on in their
disease. Over time, the body reacts to lymphedematous fluid
stasis by producing subcutaneous fibrous adipose tissue.
Thus, patients with long-standing edema will not benefit from
compressive therapy [10]. Other pathognomonic findings as-
sociated with lymphedema include the Stemmer sign, an in-
ability to pinch the skin on the dorsum of the hand or the foot,
scarring in the axillary or inguinal regions that contributes to
lymphedema development, and associated cutaneous findings
such as vesicular bleeding, hyperkeratosis, and lymphorrhea
[10, 13].

In complementing and further supplementing the diagnos-
tic approach conferred by physical exam and patient history,
there are an array of techniques to image and assess the anat-
omy and function of the lymphatic system. Along with im-
provements in understanding of lymphatic function and path-
ophysiology, these technological advances have enriched the
clinician’s algorithm for the diagnosis of lymphedema, recom-
mendations for treatment, and assessment of therapeutic effi-
cacy. The purpose of the following review is to examine the
variety of lymphedema diagnostic tests that have been
employed to date and discuss ongoing diagnostic develop-
ments that may soon be added to clinical practice.

Lymphedema Diagnostic tests

Computed Tomography, Magnetic Resonance
Imaging, and Single Photon Emission Computed
Tomography

Computed tomography (CT) has been employed to image the
affected skin, subcutaneous tissue layers, and underlyingmus-
culature in patients with lymphedema. With a characteristic
honeycomb pattern of edema detectable by CT, subcutaneous
tissue in patients with lymphedema is engulfed by fibrosis and
fluid [10]. Other imaging findings include thickened skin,
fluid lakes, and direct obstruction of the lymphatics, such as
by cancer. With enhanced resolution capabilities over CT,
magnetic resonance imaging (MRI) can display the size and
number of lymph nodes, helping to identify the type of prima-
ry lymphedema. In a retrospective review of CT findings in 19
patients with confirmed diagnosis of lymphedema, Shin et al.
found that patients demonstrated imaging findings of
honeycombing edema and tall fat globules [14]. Though the
honeycombing edema was not found to be specific for lymph-
edema, CT complemented by three-dimensional MRI with
contrast can identify additional findings of dilated superficial
lymphatic vessels and deep lymphatic trunks with abnormal
dynamics due to stagnant lymph or chyle [15]. While both CT
and MRI offer visualization of the tissues and lymph nodes
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and are generally readily available in most hospital or clinic-
based settings, their cost tends to exceed that of other lymph-
edema diagnostic imaging approaches, precluding their uni-
versal application.

Presently, many apparatuses used in lymphoscintigraphy
combine single photon emission computed tomography
dual-headed devices (SPECT) with X-ray computed tomogra-
phy (CT or SPECT-CT). SPECT-CT enables evaluation of
intra-abdominal lymph node status in lower limb edema and
localization of various potentially important lymph nodes in
upper extremity edema, such as those in the humeral, axillary,
apical, retroclavicular, or supraclavicular regions [16].
Furthermore, SPECT-CT lymphoscintigraphy has demon-
strated benefits in patients with chylous reflux and/or leakage,
abdominal metabolic activity that does not correspond with
classic anatomic localization of the infra-diaphragmatic lymph
nodes, and lymphatic reflux and dermal backflow in the gen-
ital organs and/or at the abdominal wall level [16, 17]. Unlike
conventional lymphoscintigraphy, SPECT-CT increases pa-
tient radiation exposure and has increased cost. However,
SPECT-CT notably provides clearer anatomic resolution.

Color Duplex Ultrasound

As another contribution to the array of imaging techniques
available for the diagnosis of lymphedema, color-duplex ul-
trasound (CDU) has been recognized as a modality since 1986
[18]. Moreover, this technology has the advantages of being
safe, easily reproducible, and relatively inexpensive, allowing
for information about a patient’s management of lymphedema
to be collected prior to, during, and after initiation of treat-
ment. CDU employs high frequency (10–20MHz) ultrasound
probes to detect fluid in suprafascial and subfascial planes,
ectatic lymphatic vessels, alterations in lymph node morphol-
ogy and vascularization, and nodules and cysts in the
lymphedematous limb [18–20]. Suehiro et al. demonstrated
that duplex ultrasound can identify cellular changes in lymph-
edema, such as connective tissue hypertrophy, increase in fat
cell number and fat cell hypertrophy, and interstitial fluid
buildup [21]. Importantly, lymphedema severity as approxi-
mated by duplex ultrasound has demonstrated consistency
with the International Society of Lymphology (ISL) staging
system.

Lymphoscintigraphy

With a growing role in clinical medicine, lymphoscintigraphy
(LSG) is used to diagnose lymphedema and determine lym-
phatic drainage patterns in cancer patients [22]. LSG generates
different scan findings in patients depending on the original
cause of the lymphedema, the duration of the swelling, and
the mechanisms compensating for the altered flow dynamics
[23]. LSG provides information about the clearance of a

radiolabeled colloid after interstitial injection and also details
the patterns of flow to regional lymph nodes, enabling visual-
ization of sites of lymphatic obstruction and leakage. LSG has
the advantage of being a relatively non-invasive diagnostic
study, but this technique lacks standardization such that radio-
nuclide types employed, dosage, injection sites, exercise and
massage protocols to disperse the radionuclide, and timing of
imaging are not uniformly performed in all patients [24••].
Additionally, for patients who present with defects in lymphat-
ic function early on, LSG findings can be unrevealing prior to
the onset of more significant dermal backflow and edema
[24••].

Fluorescent Microlymphography

Developments in imaging technology have allowed for the
precise visualization of microlymphatic vessel morphology,
diameter, and permeability. These details, when coupled with
an assessment of the number of microlymphatic loops and the
extravasation of contrast from an injection site, constitute the
basis of fluorescent microlymphography (FMLG). FMLG
thereby offers application in many microcirculatory and
macrocirculatory diseases [25]. Early on in lymphedema,
there is both a high number of microlymphatic loops and
higher than normal range microlymphatic pressure. With fi-
brosis over time, microlymphatics fail to visualize on FMLG.
Notably, microlymphography can be used in patients with
chronic venous disease and other vascular conditions, in ad-
dition to those with lymphedema.

Bioimpedance

In contrast to previously mentioned diagnostic modalities for
lymphedema, bioimpedance is considered a relatively novel
approach. Focused on the administration of a weak, alternat-
ing electrical current at one or more radiofrequencies through
leads attached to surface electrodes to identify the conductive
and nonconductive bodily tissue and fluid components,
bioimpedance has had a traditionally established role in
assessing body composition and patient nutritional status at
the bedside [26]. There is growing interest in the application
of segmental bioimpedance spectroscopy (BIS) for the evalu-
ation of lymphedema. BIS has demonstrated applicability in
monitoring and detecting early stages of lymphedema in
breast cancer patients by enabling creation of an interlimb
ratio of resistance values between an affected and unaffected
limb [27–32]. Qin et al. examined the ability of single-
segmental bioimpedance (SSB) and multi-segmental
bioimpedance (MSB) to assess patients with unilateral and
bilateral lymphedema, when compared with the reference
standard of indocyanine green lymphography (ICG) [33•].
For patients with unilateral disease, SSB had higher sensitivity
than MSB. In contrast, in patients with bilateral disease, MSB
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had higher sensitivity than SSB. Nonetheless, both
bioimpedance technologies performed with lower sensitivity
and specificity when compared with ICG.While lymphedema
diagnostic information provided by bioimpedance is helpful,
this information is best considered in conjunction with other
patient attributes such as history, exam findings, quality-of-life
assessments, and ICG lymphography [33•].

Near-infrared Imaging

As ICG has been established as a standard for visualization of
lymphatic anatomy and function, this technique employs ex-
citation by near-infrared light and has unique clinical uses.
ICG imaging can be used to guide manual lymphatic drainage
via visualization of functional lymphatic vessels [34].
Additionally, ICG imaging can be used to evaluate success
of intermittent pneumatic compression in patients with either
lymphedema or unilateral venous stasis ulcers [35]. This tech-
nique of near-infrared imaging of ICG in the lymphatics does
however require greater standardization in practice and con-
sistency in measurement device design [36].

Laser Scanner 3D Method

As upper limb lymphedema is a feared complication of breast
cancer and associated treatment, the early detection of and
quantification of this lymphedema is essential for appropriate
intervention [37, 38]. Commonly used methods in the clinical
setting include water displacement and circumferential meth-
od (CM) measurements, but a more recent addition to these
maneuvers is the laser scanner 3D method (LS3D). Though
water displacement has been considered a gold standard in
arm measurements, this technique is limited by its inability
to recognize nonuniform distributions of lymphedema in con-
trast with uniform arm swelling [39]. Though CM measure-
ments are easier to obtain, this approach is limited by formu-
laic errors in volume calculation, particularly when the limb
has a more protuberant shape as a result of lymphedema [39].
As an improvement in ability to detect limb volume and
shape, the LS3D combines precision, reproducibility, and gen-
erates measurements in a short duration of approximately
5 min [40]. Furthermore, LS3D-associated costs are limited
to scanner purchase and personnel training, indicating a favor-
able cost-benefit ratio in clinical use. While the LS3D method
has shown promise in characterizing upper limb lymphedema,
this modality remains to be explored in lymphedema of the
lower limbs and other anatomic regions [39].

Dual-Energy X-ray Absorptiometry

A technique that has been explored in the dynamics of lower
limb lymphedema, dual-energy X-ray absorptiometry (DXA)
allows for detection of physiological changes in leanmass, fat,

and bone mineral content as well as reproducibility in volume
measurements [41]. A consideration when employing this
technique is patient positioning, as scan performance immedi-
ately after ambulation versus after relaxation in the supine
position can result in different calculations of lower extremity
lean mass. Nonetheless, the absolute difference in these mea-
surements is minimal and does not impede reliability of mea-
surement reproducibility [41]. Additionally, DXA has evi-
denced improved measurement reproducibility when com-
pared with the water displacement and CM methods of
assessing upper extremity lymphedema secondary to breast
cancer [42]. DXA functions well as another member of the
arsenal of noninvasive lymphedema diagnostic and monitor-
ing techniques.

Future Considerations

While there are several lymphedema diagnostic modalities,
each uniquely informing the clinical perspective with visual-
ization, qualification, and quantification data of lymphedema
severity, some recently proposed novel modalities may
emerge as new contenders in clinical practice. Conventional
high-frequency ultrasound (CHFUS) has traditionally
substituted ICG lymphography in patients with severe lymph-
edema, but technique limitations such as operator dependence
and difficulty discerning small lymphatic vessels less than
0.3 mm have necessitated an improvement in ultra-high-
frequency ultrasound systems (UHFUS) [43, 44]. These im-
proved systems permit frequencies as high as 70 MHz and
capillary resolution as fine as 30 μm, permitting more precise
imaging of small anatomical structures [45]. When compared
with CHFUS, UHFUS has enhanced sensitivity and specific-
ity for detection of lymphatic vessels. Encouraged by favor-
able animal studies [46, 47], UHFUS has recently been ap-
proved for human use with preoperative imaging of functional
lymphatic vessels prior to lymphedema surgery. Furthermore,
the improved resolution with UHFUS may be able to permit
assessment of lymphosclerosis severity and even replace ICG
lymphography for detection of lymphatic vessels in
lymphedematous limbs [45].

Consistent with this vein of improvements in lymphatic
imaging, the technique of magnetic resonance lymphography
(MRL) has evidenced improved lymphatic resolution with
gadolinium-based nanoparticles in animal models. The
gadolinium-based nanoparticle AGuIX offers anatomic local-
ization and has even been proposed as a radiosensitizer for the
treatment of brain metastases [48, 49]. In a rat hindlimb
lymphedema model, the investigational nanoparticle AGuIX
was incorporated as contrast with MRL, demonstrating slow
but specific transit through the lymphatic system, allowing for
afferent lymphatic vessel detection up to 30min after injection
with minor contrast enhancement [49]. This technique yielded
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higher spatial and temporal resolution than radionuclide im-
aging for lymphatic vessels with diameters around 200 μm.
Notably, AGuIX-based MRL is suitable for preclinical lym-
phatic imaging at high field and has the potential to assess
lymphatic regeneration post-reconstructive lymphedema sur-
gery [49].

Although lymphedema can have a profound impact on pa-
tients’ quality of life, most of the current treatments for lymph-
edema can only aim to help alleviate and manage the symp-
toms because there is no cure for this disease. Somemodalities
such as pneumatic compression implement physical, non-
invasive ways to attempt to restrict and drain the excess fluid
by exerting external pressure on the limbs [50]. Intermittent
pneumatic compression (IPC) is performed with a pneumatic
massage device, compression garments, and limb bandaging.
Taradaj et al. examined the effects of two frequently used
pressures in IPC, namely a high of 120 mmHg and a low of
60 mmHg, in the treatment of 81 patients with primary
phlebolymphedema. These patients simultaneously received
multilayer bandaging, lymph drainage, and pharmacotherapy
[50]. Consistent with previously conducted studies, at a pres-
sure of 120 mmHg, IPC reduced phlebolymphedema in pa-
tients significantly more so than at a pressure of 60 mmHg. In
spite of these favorable findings, there is still a need to further
investigate both the pressure setting and treatment duration in
patients receiving IPC with the goal of maximizing patient
comfort with this procedure.

In the past few years, the FDA approved an advanced
pneumatic compression device (PCD), The Flexitouch
System, for at-home management of lymphedema [51].
Adams et al. investigated the benefits of using advanced
PCD therapy in six patients with BCRL [51]. One of the main
causes of lymphedema treatment failure is due to difficulty
with patient adherence to prescribed manual lymphatic drain-
age (MLD) therapy at home. PCDswere therefore proposed as
a better alternative to self-MLD treatment in order to improve
treatment efficacy and patient compliance [51]. Of note, when
comparedwith control patients, patients with BCRL displayed
a statistically significant difference between pre- and post-
treatment lymphatic propulsive rates in the untreated arm.
This finding could suggest systemic compensation taking
place. Furthermore, lymphatic propulsion increased in both
arms of BCRL patients, indicating an improvement in overall
lymphatic function [51]. Additionally, other studies have
shown that PCD improves lymphatic function, decreases limb
volume, provides for some weight loss, and reduces
healthcare costs when compared with self-MLD [51, 52].

The gold standard for the treatment of lymphedema is com-
plete decongestive therapy (CDT), which consists of multiple
steps, including manual lymphatic drainage, compression
therapy, rehabilitation exercise, and skin care [53]. CDT aims
to reduce lymphedema volume, improve the condition of af-
fected overlying skin, and maintain a long-lasting reduction in

lymphedema volume [54]. Melam et al. found that early
lymphedema identification and patient education regarding a
CDT home program reduced pain and improved quality of life
in post-mastectomy breast cancer patients [55]. Furthermore,
when used in conjunction with other treatment modalities
such as IPC and MDL, CDT has shown to be even more
effective in reducing arm volume in BRCL patients, with
IPC having an additional protective effect against thrombosis
formation [54, 56]. Szuba et al. observed that among 50 pa-
tients with BCRL, CDTwith IPC led to a 20% greater reduc-
tion in mean volume when compared with CDTalone. In fact,
CDT alone led to a mean increase in volume during the main-
tenance phase after initial volume reduction, suggesting that
the combination of CDTand IPC provides for enhanced long-
term therapeutic results [56].

Conclusions

Secondary lymphedema is a potential complication of utmost
importance for breast cancer patients due to its debilitating and
disfiguring effects, as well as the absence of a definitive cura-
tive modality. Selecting a diagnostic method that is accurate,
reliable, and easily accessible remains an ongoing challenge in
clinical practice. Lymphoscintigraphy is generally the accept-
ed technique of choice for diagnosing lymphedema because it
is less invasive than other diagnostic methods but can still
directly measure lymphatic dysfunction with relative ease
[24••]. Alternatively, near-infrared imaging is a non-invasive
procedure, involving the injection of a fluorescent dye, such as
indocyanine green, to provide imaging of deep tissues with
high sensitivity [34]. Nonetheless, a major pitfall of diagnostic
methods that require injection is that protocols may differ in
fluorescent dye or radionuclide type and dosage, the injection
site, and the timing of imaging [24••].

Other imaging techniques, such as computed tomography
(CT) and magnetic resonance imaging (MRI), are performed
with equipment that is generally available at hospitals but is
too expensive to be used universally in practice. More cost-
effective methods, such as color duplex ultrasound (CDU),
laser scanner 3D (LS3D), and dual-energy X-ray absorptiom-
etry (DXA), can also be utilized but result in a tradeoff with
diminished visual acuity. In addition, several new diagnostic
methods are currently being explored. Bioimpedance is a
promising new development that measures the water content
of the body by administering weak, alternating electrical cur-
rent at one or more frequencies [26]. Ultra-high-frequency
ultrasound systems (UHFUS) offer more precise imaging of
small lymphatic vessels and thus may eventually replace ICG
lymphography [45]. Lastly, magnetic resonance lymphogra-
phy (MRL) in combination with a gadolinium-based nanopar-
ticle contrast allows higher resolution than radionuclide imag-
ing for lymphatic vessels [49]. As novel approaches continue
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to be refined, it is important that physicians understand and
appropriately incorporate diagnostic modalities to optimize
early detection of breast cancer–related lymphedema
(BCRL) with the goal of sparing patients from advanced-
stage disease sequelae.
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