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Abstract: Early detection and diagnosis of upper extremity lymphoedema in patients after mastectomy

and axillary lymph node clearance is important in order to treat disease before it is too advanced to achieve

favourable outcomes. Patients with disease refractory to conservative management can be efficiently

assessed for diagnosis and surgical intervention using advanced lymphatic imaging techniques. The

current paper highlights the more readily available of these: lymphoscintigraphy, indocyanine green ICG)

lymphangiography and immunofluorescence, magnetic resonance lymphangiography (MRL) and computed

tomographic lymphangiography in combination or individually. With such techniques, both diagnosis and

treatment of lymphoedema has become more readily achieved, with lymphatico-venous and lymphatico-

lymphatic anastomosis, and lymph node transfer now increasingly common undertakings.
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Introduction

Lymphoedema after mastectomy is well recognized with
21% of women developing the disease after defeating breast
cancer (1). The specific pathological mechanisms as to
how lymphoedema develops is not fully understood but it
is understood that women requiring axillary lymph node
dissection are 4 times as likely to develop symptoms compared
to those who underwent sentinel lymph node biopsy (2)
and those who proceed to undergo radiotherapy and certain
chemotherapy treatments are also at greater risk (3,4).

The time after breast cancer diagnosis and treatment
that patients may develop lymphoedema symptoms may be
up to 24 months and beyond hence the need to be vigilant
to recognize symptoms such as swelling, pain and tightness

to take appropriate steps towards establishing a diagnosis in
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this high risk group (5). The lymphatic system of the breast
is an important route for cancer spread (6) in addition to
its normal function of draining lymph fluid and therefore
the ability to appreciate its anatomy will help towards non-
surgical and surgical management.

Imaging the lymphatic system in patients with this
disease burden can be undertaken by various modalities
such as lymphoscintigraphy, ultrasound, magnetic resonance
lymphangiography (MRL) and indocyanine green (ICG)-
enhanced lymphography; each with its own strengths
and weaknesses. The current paper aims to highlight the
more readily available of these: lymphoscintigraphy, ICG
lymphangiography and immunofluorescence, MRL and
computed tomographic lymphangiography. With the
use of such techniques, the diagnosis and treatment of
lymphoedema is assessed.
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The axillary lymphatic system

The breast is drained by the intramammary lymphatic chain
and the axillary lymphatic chain through multiple routes
including superficial and deep lymphatic channels (6).

The axillary lymphatic system drains lymph using five
main lymph node groups: pectoral, subscapular, humeral,
central and apical. The pectoral group drains the mammary
gland and the anterior thoracic wall; subscapular group
drain the posterior thoracic wall and periscapular region;
humeral lymph nodes are the main conduit for draining
lymph from the upper arm and the central group drain the
pectoral, subscapular and humeral lymph nodes. All of the
above are subsequently drained by the apical lymph node (7).

Lymphatic capillaries drain lymph (compromised of large
proteins, lipids and water) from distal tissues and are made
of endothelial cells with a basement membrane. Collagen
filaments adhered to local connective tissue confers strength
to these capillaries. Lymph fills these capillaries due to a
favourable oncotic pressure gradient, contraction of the
lymphatic capillaries, extrinsic pressure and forward lymph
flow. Lymph is prevented from flowing backwards by valves.
Lymphatic capillaries drain into collecting vessels (afferent
channels) that feed into lymph nodes where it moves onto
efferent channels and into the venous system (8,9).

Pathophysiology of lymphoedema

Lymphoedema can be described as congenital or
acquired. Congenital lymphoedema presents as a result of
developmental defects of the lymphatic system, and is less
common than acquired lymphoedema that is related to
cancer, management of cancer (radiotherapy and surgery) or
due to trauma or other inflammatory processes (10).

The development of lymphoedema is multifactorial and
may involve complex mechanisms that are not yet fully
understood. A suggested example such as disruption of this
lymphatic apparatus by mastectomy and axillary lymph node
clearance reduces the ability of the remaining lymphatics
to remove lymph. Increasing accumulation of protein rich
interstitial lymph fluid favours the accumulation of water
and causes loss of the structural integrity of remaining
lymphatic system through lymph vessel dilation and valve
failure. Fibrosclerotic tissue and collagen is deposited and
inflammation ensues. Skin becomes thickened and displays
characteristic peau d’orange appearance. It is unclear why
certain why lymphoedema does not develop on all women
who undergo breast and axillary node surgery or why there
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is often a delay before the disease begins (9,11).

Symptoms of lymphoedema

Diagnosis of lymphoedema depends on the clinician
being able to identify risk factors in patients susceptible to
lymphoedema and symptoms of the disease. Increased body
mass index (BMI) and extensive surgery or axillary lymph
node dissection increases the risk of lymphoedema and
chemotherapy and hypertension may confer increased risk
in specific groups of women (12,13).

Patients will exhibit symptoms in the upper limb and
possibly the breast with symptoms such as pain, restriction
in arm movement and feeling of fullness. They may
demonstrate signs of swelling and redness as well as peau
d’orange appearance of the breast in later disease (5,14).

Lymphoedema has a psychological burden on patients
as well. Even in patients with no lymphoedema disease, the
availability of better education and information surrounding
breast cancer means that patients who have a preoperative
fear of lymphoedema, younger breast cancer patients and
those who face an axillary lymph node dissection will have
higher postoperative fear of lymphoedema (15). In those
that suffer lymphoedema after breast cancer, physical
changes due the disease can affect confidence and self-
image, and promote self-consciousness. Furthermore, they
may develop emotional burden secondary to disease burden
as they are reminded of their life changing event and may
not only exhibit anger, fear and sadness but also progress
into depression as a consequence (15-18).

In the general medical community, there is sub-optimal
diagnosis and support for lymphoedema even though
patients are keen for better awareness from their healthcare
professionals (19,20).

Lymphatic mapping and pre-operative imaging

Lymphatic mapping is undertaken to understand the how
specific tissues are drained by the lymphatic system and to
determine the layout of the lymphatic vessels and nodes
through which this is achieved. This aids in confirming
diagnosis and planning operative or non-operative
management (21).

It relies on the basic principle that interstitial fluid (basis
of lymph) drains into lymphatic vessels with the tissue.
These capillaries form lymphatic collectors that have
lymphatic muscle cells and lymph node contractions that
propel lymph towards lymph nodes. This mechanism also
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Table 1 The role of imaging modalities in the management and planning of lymphoedema surgery

Modality

Benefits and indications

Doppler ultrasound

Duplex ultrasound

Computed tomography (CT)
Computed tomographic angiography (CTA)

Magnetic resonance imaging (MRI)

Magnetic resonance angiography (MRA)

Magnetic resonance lymphangiography (MRL)

Indocyanine green (ICG) immunofluorescence

Mapping lymph node anatomy

Mapping lymph node anatomy; identification of lymph node vascular anatomy
for planning vascularised transfer

Mapping lymph node anatomy

Mapping lymph node anatomy; identification of lymph node vascular anatomy
for planning vascularized transfer

Diagnosis of lymphoedema; mapping lymph node anatomy

Mapping lymph node anatomy; mapping lymph node anatomy; identification of
lymph node vascular anatomy for planning vascularized transfer

Diagnosis of lymphoedema; measurements and identification of lymphatic
vessel diameter and course

Identification of lymphatic vessel anatomy and pathophysiology; preoperative
planning; intraoperative guidance

Lymphocyntigraphy

Useful for intraoperative guidance for ‘reverse mapping’

Figure 1 Subdermal lymphatic after distal blue dye injection.

has the detrimental effect of helping metastasize cancer (22).
The use of these techniques can help to guide operative
identification of both donor and recipient lymphatics (see

Table 1, Figure I).

Lympboscintigraphy

Lymphatic mapping can be undertaken by lymphoscintigraphy.
This involves injecting a radiotracer into the hand (typically
into the first and second webspace). The operator then
qualitatively assesses various parameters such as how long
the radiotracer takes to travel to the axilla, assessment of
lymphatic capillaries, collecting ducts and nodes and also an
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assessment of severity and distribution of backflow through
valves using Single-photon emission computed tomography
(SPECT) or low dose computed tomography (CT). The
operator can compare findings with previous ipsilateral
studies or paired contralateral studies (see Figure 2). Further
quantitative assessment can be undertaken through imaging
the liver and assessing uptake (23).

Developments in the field, such as axillary reverse mapping
(ARM) have been shown to identify further variations in
lymphatic drainage of the upper arm. This begins with the
same technique as standard lymphoscintigraphy as well as
injecting methylene blue/IGC into several areas of the chest
and back. Nodes which pooled methylene blue/IGC were of
interest and dissected where as notes detected with a gamma
probe as having taken up radiotracer injected into the upper
extremity and can be carefully dissected around (selective
axillary dissection) (24-26).

Several studies have shown that the use of ARM and
selective axillary dissection can significantly reduce the
incidence of lymphoedema after breast surgery and also
patient perceived lymphoedema (26-29) however the
literature in not unanimous and some studies found it had

no benefit in reducing lymphoedema (30).

Magnetic resonance lymphangiography (MRL)

Magnetic resonance imaging (MRI) has been previously known
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Figure 2 Lymphocyntigraphy of upper limb lymphatics.

to be able to characterize lymphoedema (detecting honeycomb
patterns between muscle and subcutis above the fascia and signal
intensification for T2 weighted sequences) (31).

MRL with contrast enhancement has been found to be a
non-invasive investigation for extremity lymphoedema that
can rapidly and accurately visualize lymph flow disturbances
in lymphatic vessels as well as whether these vessels were
still viable and assess the health and functionality of lymph
nodes. Its non-invasive advantage and its higher resolution
confer inherent advantages over traditional investigations
such as lymphoscintigraphy and standard MRI (32,33).

Patients with early disease and clinical suspicion of
lymphoedema may benefit from solitary or serial non-
invasive MRL as it is able to detect and monitor changes in
the patients’ lymphatic system and accurately map dilation
of lymphatic vessels in millimeters, with a view to helping
plan surgical intervention if appropriate (34).

Indocyanine green (ICG) lympbography

ICG is a water-soluble fluorescent dye that has been
used for several decades, mainly to map blood flow in
the heart, liver and eye when administered intravenously.
In assessment of the lymphatic system, ICG is injected
subcutaneously where it binds to albumin and is taken up
by the lymphatic system where it can be detected using near
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infra-red range camera system deep in the tissue (35-40).

The benefit of ICG lymphography is that it can detect
early and less severe disease in a more non-invasive manner
compared to lymphoscintigraphy (34,41,42). Specific
techniques using this medium can help understand and
identify the pathophysiology (such as lymph pump function
failure) in order to plan appropriate treatment (36,38).
Differing doses of ICG can be used to achieve satisfactory
visualization of the lymphatic system without affecting
flow patterns (39). In addition, ICG imaging can allow
identification of lymphatics not draining certain regions,
demonstrated on other imaging such as lymphoscintigraphy
(so called, reverse mapping as shown in Figure 3).

Specific staging systems using ICG such as the arm dermal
backflow stage have been correlated with established clinical
staging classifications like Campisi, to help the clinician to
establish when to start treatment. Unlike lymphoscintigraphy,
the injected dye is not radioactive thus it is conducive to serial
measurements with greater safety (37).

In addition, varying patterns of ICG demonstration
of lymphatics can aid in interpreting lymphatic anatomy.
The four main patterns are ‘linear’, ‘splash’ (see Figure 4),
‘stardust’ (see Figure 5), and ‘diffuse’. Initially, the splash-
back pattern represents dermal collecting lymphatics, while a
stardust pattern occurring later represents lymphatic pooling
at open ends of dermal collecting lymphatics. In severe
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Figure 3 Reverse mapping technique, with deep limb-draining
lymphatics demonstrated on lymphocyntigraphy illustrated over
medial thigh with blue pen, and superficial lateral nodes selected

for transfer harvested (arrow).

Figure 4 Indocyanine green (ICG) immunofluorescence ‘splash’

pattern.

Figure 5 Indocyanine green (ICG) immunofluorescence ‘stardust’

pattern.
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lymphoedema, ICG pooling represents a diffuse pattern.

Management of lymphoedema

The management of lymphoedema is complex and the
moment to intervene should be considered carefully. Timely
diagnosis aids the clinician in formulating an appropriate
management plan.

Initial management with compression therapy,
physiotherapy and skin care may progress towards surgical
interventions such as lymphatic venous anastomosis and
lymph node transfer as non-operative methods do not
address the underlying cause (43,44).

Traditional surgical approaches that reduced limb
volume by debulking and resection approaches such as
cutolipofascectomy and total surface lymphangiectomy have
been followed by microsurgical reconstructive techniques
that aim to not only offer symptomatic relief, but also
to treat the underlying cause. While there are many
microsurgical reconstructive options, as presented below,
these have variable results reported in the literature (45-55).

Lympbatico-venous anastomosis

Diagnosis of lymphoedema

Lymphoedema results as internal and external manifestations
of abnormal lymph transport and lymphatic system
insufficiency. Disruption to the lymphatic architecture as
a consequence of breast cancer surgery reduces the ability
of the body to remove excess water, proteins and other cell
products thereby allowing accumulation in the extracellular
spaces. Chronic oedema can lead to lipodermatosclerosis and
ulceration of skin. Furthermore, there is increased risk of
infection.

Upper limb lymphoedema can be classified into:

(I) Stage O—sub-clinical disease with impaired lymph
transport but no oedema;

(II) Stage I—accumulation of protein rich fluid that
features pitting oedema. Oedema resolves with
elevation;

(III) Stage II—oedema is not reduced by arm elevation
and is non-pitting;

(IV) Stage III—oedema results in irreversible skin
changes such as fibrosis and warty overgrowths.

The majority of cases are diagnosed through history

and examination. Care should be taken to consider
co-morbidities such as obesity and to stage the disease
accurately as early disease responds best to reconstructive
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microsurgical treatment. Various imaging modalities can be
undertaken to both aid diagnosis and to plan intervention.

Imaging for diagnosis and pre-operative identification
of lymphatics

Microsurgery to treat lymphoedema confers positive results,
especially in the early stages, with pre-operative diagnostic
work up using lymphoscintigraphy. Lymphoscintigraphy
can determine if oedema is of lymphatic origin and thus if
microvascular lymphatic surgery is appropriate. Techniques
such as lymphatic-venous anastomosis or the use of venous
grafts have best outcomes with early appropriate intervention
and patient compliance to adjuvant therapies (44,49,50).

ICG for the preoperative assessment and marking of
lymphatics for lymphatic-venous anastomosis has also been
shown to offer acceptable results with significant reduction
of oedema in small series of patients. Further information
can be obtained through the use of ultrasound to mark
potential venules for anastomosis alongside ICG assessment
of lymphatics (51).

Preoperative MRI in addition to other diagnostic
imaging modalities prior to surgical intervention offers
further data at low risk to the patient and can lead to a good
outcome (54,55).

Disease burden should be alleviated through the use of
non-operative methods in patients with later stage disease
before microsurgical intervention. Patients should also
have access to robust support network and close clinical
monitoring to maintain results. Poor patient compliance
may lead to suboptimal and unsatisfactory results (45).

Lymph node transfer

"This technique relies on using lymphatic vessels as functional
units and not merely channels to remove lymph. Much like a
free flap, a vascularized lymph node with its associated vessels
is removed from a donor site such as the groin to the graft site
in the axilla or arm or forearm. Lymph nodes are understood
to help the propulsion of lymph in their lymphatic vessels by
contracting. Removal of the lymph node without its vascular
supply alters the structure and functionality of the ‘unit’ and
may impede lymph flow (56).

Use of lymph node transfer in the axilla has been shown
in a series of 1,500 patients to normalize 40% of early stage
lymphoedema and demonstrate clinical improvement in at
least 95% of all stages of lymphoedema. This is thought to
be due in part to production of vascular endothelial growth
factor C by the newly transplanted lymph node promoting
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lymphoangiogenesis in addition to aiding lymph propulsion.
The authors of this large study and other studies note the
risk of subsequent donor site lymphoedema and other
recognized complications such as difficulty monitoring the
flap, infection and haematoma (57,58).

Pre-operative and intraoperative assessment of donor
vascularized lymph nodes and recipient sites

Computed tomography (CT) angiography can demonstrate
the location of vascularized lymph nodes for harvest in
the groin to help plan the raising of lymph nodes supplied
by the superficial circumflex iliac artery and vein or the
superficial inferior epigastric artery and vein. Magnetic
resonance angiography (MRA) has also been shown to
delineate complex anatomy in the groin in preparation for
vascularized lymph node harvest (59).

ICG can be used to assess the success of superficial groin
free lymph node flap transfer to the elbow and wrist to treat
post-mastectomy lymphedema. The anatomy of the flap
was defined through cadaveric studies. Post anastomosis
injection of ICG to the flap edge is drained into the
donor vein and subsequently the recipient vein conferring
statistically significant reduction in limb circumference
when compared to patients who underwent conservative
management only (60).

Reverse lymphatic mapping through the use of ICG has
been used to reduce the risk of donor site lymphedema in
vascularized lymph node transfer from the groin and axilla.
For the groin, technetium is injected into the foot and drain
to lymph nodes that drain the lower leg. Gamma probe
identification of these nodes allows them to be avoided.
Concurrently, ICG is injected to the lower abdomen, which,
drains into lymph nodes in the groin that can be safely
harvested. This is a similar case for the axilla, technetium
injection into the hand identifies lymph nodes draining the
upper limb that should be avoided and ICG injection to the
chest and back will help identify vascularized lymph nodes
that can be harvested relatively safely (61-63).

The right gastroepiploic lymph nodes have been
harvested laparoscopically after preoperative assessment
using CT angiography resulting in no donor site morbidity
and satisfactory quality of life improvement in a series of
ten patients (62,63).

Submental lymph node donor with an elliptical skin
paddle along can be identified through the pencil Doppler
ultrasound and the vasculature of supraclavicular lymph
nodes can be identified intraoperatively through the use
of ICG. Pre-operative ultrasound can help differentiate

Gland Surg 2016;5(2):187-196



Gland Surgery, Vol 5 No 2 April 2016

certain characteristics of potential lymph node basins (groin,
supraclavicular or submental) as part of an initial feasibility
assessment (63-66).

For upper limb lymphoedema, the recipient sites are
the wrist, elbow and axilla. Preoperative assessment can
be undertaken by ultrasound, CT or MRA. Intraoperative
assessment can be undertaken by using ICG in this and
other similar contexts (62-68).

Intraoperative identification of lymphatics

ICG can also be deployed to assess lymphatics
intraoperatively using near-infrared cameras. The advantages
are that it allows for quicker detection of lymphatics,
concentrates the surgical field and optimizes theatre time.
It has been shown to be safe by its routine use hepatic and
ophthalmic assessments. However, disadvantages such as that
the system is portable but can be unwieldy and not confer
acceptable resolution for microsurgery (69).

The AccuVein vein visualization system can offer
identification of venules to anastomose lymphatic vessels
to by detecting near infra-red wavelengths and projects
an image onto skin. The diameter of these subcutaneous
venules can be as small as 0.5 mm (66-70).

The use of operative microscopes featuring integrated
near infrared illumination system offers a solution to
this problem and has been shown improve real time
identification and dissection of lymphatics. It also aids the
surgeon to achieve successful lymphatic venous anastomosis
and has been shown to reduce disease burden in preliminary
studies (67,68).

Lymphatic-lymphatic anastamosis

Often when lymphatic venous anastomosis is not possible
when due to venous disease, it is possible to anastomose
collecting lymphatics that have obstruction with
unobstructed collecting lymph vessels that are located away
from the area of pathology (61,63).

As with lymphatic venous anastomosis and lymph node
transfer, treatment in patients with primary lymphoedema
is more challenging and less often attempted due to
developmental variations in lymphatic anatomy. Patients
are investigated pre-operatively for this procedure through
lymphoscintigraphy, magnetic resonance lymphography
and ultrasound of the lymphatic system. However these
investigations may not yield the necessary resolution to
plan for lymphatic-lymphatic anastomosis (62). Ultimately,
a range of preoperative imaging guides and intraoperative
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approaches may be needed to optimize identification and

visualization of lymphatics (69-74).

Conclusions

Early detection and diagnosis of upper extremity
lymphoedema in patients after mastectomy and axillary
lymph node clearance is important in order to treat
disease before it is too advanced to achieve favourable
outcomes. Patients with disease refractory to conservative
management can be efficiently assessed for diagnosis and
surgical intervention using advanced lymphatic imaging
techniques. The current paper has highlighted the more
readily available of these: lymphoscintigraphy, ICG
lymphangiography and immunofluorescence, MRL and
computed tomographic lymphangiography in combination
or individually. With such techniques, both diagnosis
and treatment of lymphoedema has become more readily
achieved, with lymphatico-venous and lymphatico-
lymphatic anastomosis, and lymph node transfer now
increasingly common undertakings.
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