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ABSTRACT

Lymphedema is a chronic, progressive and debilitating disease. This review article focuses on surgical treatment of breast cancer-related lymphedema especially in perspectives of microsurgical options. In the early stage, where protein-rich fluid accumulates, expressed as pitting, conservative treatments, such as complex decongestive
therapy and/or one of the physiologic treatments, lymphovenous bypass (LVB) can be
considered. Once the stage is more advanced and skin fibrosis and adipose tissue deposition are appearing, it may be considered to attempt vascularized lymph node transplant (VLNT) alone or VLNT and LVB simultaneously. If the stage is more advanced and
fibroadipose tissue accumulation is dominant, then debulking procedure such as liposuction may be considered. A direct excision may be needed for the most advanced
stage of lymphedema.
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INTRODUCTION
Lymphedema is the clinical manifestation of an impaired lymphatic system. The secondary or
acquired lymphedema is more common than the primary one and usually happens after damage or obstruction of the previously healthy lymphatic system with the infection (e.g., filaria-

sis), trauma, and various cancer treatments including lymphadenectomy, chemotherapy, and
radiation therapy [1,2]. In most developed countries breast cancer-related lymphedema is the

most common lymphedema associated with cancer treatment. The incidence has ranged from
14% to 40% with axillary lymph node dissection and sentinel-node biopsy reduced the risk to
This is an Open Access article
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6% to 10% [3,4]. The risk of the breast cancer-related lymphedema depends on several factors,
such as dissection of the axillary nodes, radiation therapy, postoperative complications, ipsilateral venous compromise, taxane-based chemotherapy, and the number of positive lymph

nodes, especially more than eight [4,5]. This review article focuses on surgical treatment of
breast cancer-related lymphedema especially in perspectives of microsurgical options.
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LYMPHATIC ANATOMY
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The lymph fluid is made in the process of balancing hydrostatic and oncotic pressure in capillaries and tissues. The lymphat-

ic system includes lymph nodes and lymphatic vessels. It has
several interesting and unique characteristics. The lymphatic
system, which begins with the blind tubes, passes through the
lymph nodes and eventually connects to the heart through the
veins, such as the subclavian vein. Unlike the veins, the lymphatics have fewer bifurcations, and they show the clear direction towards axillary or inguinal lymph nodes in the extremities and moves in one direction through the smooth muscle

action and valves in the lymphatic vessels. It is also intriguing
that the connection between the superficial and deep lymphatic system is not significant. Although there exist perforat-

ing lymphatic vessels and they connect the superficial and
deep lymphatic vessels, some authors argue that they only

terval lymph nodes). It can work as a detour for preventing
upper-extremity lymphedema.

DIAGNOSIS

Edematous change of the upper extremities appears as an

apparent symptom in the early stage, but fibroadipose tissue
deposition becomes a dominant manifestation and a characteristic skin lesions (acanthosis, fat deposits, and warty overgrowths) are also present in the late stage. The detailed his-

tory and several laboratory tests may be needed for the differential diagnosis of lipedema, myxedema and an occult veno-occlusive disease [4].

In many cases, imaging studies are not mandatory for the

exact diagnosis. But they can be helpful for the confirmative
diagnosis and determining the treatment options.

Currently, lymphoscintigraphy is the definitive diagnostic

parallel the arteries originating below the deep fascia and do

test for lymphedema. This study involves the injection of a

The lymphatic vessels can be largely divided into three cat-

the webspace of the hand, after which the tracer is preferen-

not connect the two lymphatic systems definitely [6,7].

egories including lymph capillaries, pre-collectors, and

lymph-collecting vessels [7,8]. The lymph capillaries (20 to 70
μm) are located just beneath the epidermis and have blind

endings. They are formed with the endothelial cells that are
loosely overlapped with each other. Anchoring filaments

connect the endothelial cells and the surrounding tissue. In

the case of excess interstitial fluid being, the anchoring fila-

tracer protein (technetium Tc-99M [99mTc] sulfur colloid) into
tially taken up by the lymphatics [11]. A gamma camera located over the patient then detects the 99mTc-sulfur colloid

signal. Abnormal findings include delayed transit time to the

regional lymph nodes, dermal backflow (accumulation of
tracer in cutaneous lymphatics), asymmetric node uptake,
and/or formation of a collateral lymphatic channel.

Near-infrared fluorescent lymphography is a relatively new

ments are stretched and the gaps between the endothelial

imaging technique for assessing lymphatic system. The tran-

don’t have valves and are connected by the pre-collectors in

with fluorescent spectroscopy. This test is not only more sen-

cells are open to absorb the fluid [7,9]. The lymph capillaries
the deep dermal layer.

The pre-collectors (70 to 150 μm) have unidirectional valves

helping lymph flow from the superficial to deep layers and
become larger vessels through meeting together in the der-

mal layer [10]. Via the efferent pre-collectors, they connect to
the lymph-collecting vessels in the subcutaneous layers.

The lymph-collecting vessels (150 to 500 μm) can be subdi-

vided as superficial and deep ones according to their anatomical location to the deep fascia. They have three-layered

structure, including the endothelial, smooth muscle, and
collagen fiber with fibroblast layers. The smooth muscle layer performs a major role in rhythmic contraction for the directional flow of the lymph fluid.

In the upper extremities, there may be an alternative path-

way of the superficial lymph-collecting vessels that skips the
axillary lymph nodes (sentry nodes) and goes to the supraclavicular lymph nodes through the deltopectoral nodes (in54

sit of dermally injected indocyanine green (ICG) dye is traced
sitive than radionuclide lymphoscintigraphy in the early stages of lymphedema but also helpful to find the functional lymphatics for the physiologic lymphedema treatment [12,13].

Staging

The lymphedema staging system plays an important role in

describing the current status of the disease. Although there
are various classification systems, a staging system for lymphedema, established by the International Society of Lympholo-

gy (ISL), is clinically based and well-known. The ISL system di-

vides the lymphedema into four categories [14]. Stage 0 (or IA)
refers to a latent or subclinical condition where swelling is not

evident despite impaired lymph transport and changes in
subjective symptoms. Stage I shows an early accumulation of

fluid which subsides with limb elevation. Pitting may occur.
Stage II signifies that limb elevation alone rarely reduces the
tissue swelling and pitting is manifest. Later in stage II, the
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limb may not pit as excess subcutaneous fat and fibrosis de-

into physiologic surgery and debulking procedure. Physio-

where pitting can be absent and trophic skin changes have

larized lymph node transplant (VLNT).

velop. Stage III encompasses lymphostatic elephantiasis
developed. A practical staging system based on the findings

with ICG lymphangiography was suggested by Chang et al.

logic surgery include lymphovenous bypass (LVB) and vascu-

[15]. The system categorizes the lymphedema into four ac-

1) Lymphovenous bypass
LVB is an operation to connect the functioning lymphatics and

lymphatics visualized [15,16]. Stage 1 shows minimal, patchy

space bypassing damaged lymphatics, which is effective in

cording to the pattern of dermal backflow and the numbers of

dermal backflow with many patent lymphatic vessels. Stage 2
refers to segmental dermal backflow with a moderate number
of patent lymphatic vessels. Stage 3 presents extensive dermal
backflow involving the entire arm and few patent lymphatic

vessels. In stage 4, there exists severe dermal backflow involving the entire arm and extending to the dorsum of the hand

the veins for transporting protein-rich fluid in the interstitial
the treatment of early-stage lymphedema, such as, ISL classification of lymphedema stage II or Chang’s lymphedema stage

1 or 2. Therapeutic effects can be expected in more advanced
lymphedema if functioning lymphatics can be found and the
therapy with VLNT can be done simultaneously.

If the LVB is performed in an early stage of lymphedema, a de-

and no patent lymphatic vessels are observed (Fig. 1).

crease in volume and number of cellulitis may occur in addition

Treatment

patients may be less dependent on the compressive garments.

to improvement of the subjective symptoms. Moreover, some

Physiologic surgeries

Surgical treatment of lymphedema can be grossly divided

A

B

The relatively low risk of complications is another advantage,
and surgery can be carried out under the local anesthesia.

C

D

Fig. 1. MD Anderson lymphedema classification based on injected indocyanine green lymphangiographic findings. (A) Stage 1: many patent
lymphatic vessels, with minimal, patchy dermal backflow. (B) Stage 2: moderate number of patent lymphatic vessels, with segmental
dermal backflow. (C) Stage 3: few patent lymphatic vessels, with extensive dermal backflow involving the entire arm. (D) Stage 4: no patent
lymphatic vessels seen with severe dermal backflow involving the entire arm and extending to the dorsum of the hand. Adapted from
Chang et al. [15], with permission from Wolters Kluwer Health, Inc.
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tive therapy (CDT) for 6 months [19]. In the case of fibrosis of

existing lymphatics, VLNT can be a better option than LVB
[20]. Combining both VLNT and LVB can be considered for

the improvement of lymphedema via different mechanisms
in many cases. In advanced cases, VLNT can be done as a

staged procedure before or after liposuction of fibroadipose
soft tissue [21,22].

VLNT replenishes lymph nodes and healthy tissues in pa-

tients with lymph nodes removed. Proximal (anatomic: e.g.,
axilla) or distal (non-anatomic: e.g., elbow or wrist) areas are
considered as locations for transplant. If a proximal transplant is made, the removed lymph nodes and damaged lymphatics will be replaced with healthy soft tissue containing
lymph nodes.

In the case of distal transfer of lymph nodes, it can be ex-

pected that the lymph nodes will be located in healthy tissue
Fig. 2. The patency of the bypass is confirmed by observing the
isosulfan blue dye pass from the lymphatic throught the
anastamosis into the venule. Alternatively, indocyanine green
may be also be used if the operating microscope has capability
for injected indocyanine green flouroscopy. (1 grid=1 mm)
Adapted from Chang et al. [15], with permission from Wolters
Kluwer Health, Inc.

The ICG lymphangiography is useful for a successful LVB.

Although LVB can be done without ICG lymphangiography, it

is more difficult to find functioning lymphatics suitable for
LVB and to evaluate successful anastomosis and patency
(Fig. 2) [15,17].

The effects of LVB are known to be better in the early stag-

es, in the upper extremities, and the secondary lymphede-

ma. In the upper extremity, it was reported that a decrease of
11.7% of the preoperative volume excess was observed in

the group of continual bandaging only, and a decrease of
47.3% of the preoperative volume excess was observed in

the group of performing surgery and postoperative continual

bandaging simultaneously [18]. In a prospective study, it was

reported that the symptoms improved in 96% of patients
and there was a quantitative improvement in 74% of patients. Moreover, the overall mean volume differential reduc-

tion was 33% at 3 months, 36% at 6 months, and 42% at 12
months after surgery [15].

2) Vascularized lymph node transplant
The indications for VLNT may include total occlusion on lymphoscintigraphy, ISL stage II with repeated episodes of cellulitis, no current cellulitis, and failure of complete deconges56

rather than scarred tissue to recover their function quickly.
Also, the lymph fluid, apt to be driven to the distal area, can
be absorbed actively by the “gravity effect” and “catchment

effect” [23,24]. However, the scar can be apparent and skin
grafts may be necessary to cover the lymph nodes transferred due to the insufficient surrounding tissues.

There are many options for potential donor sites for VLNT.

The groin is a commonly used donor site owing to well-stud-

ied anatomy, well-concealed scar and the feasibility of combining with the abdominal based free flaps for breast reconstruction and concomitant lymphedema treatment [23,25].

The supraclavicular nodes are located between the acromi-

al-clavicular joint and the sternal notch. The donor site scar is

hidden well and the small and thin flap can be harvested.
This flap has not been shown to increase the risk of iatrogenic
lymphedema [23,26,27]. The submental lymph nodes can be

harvested with small elliptical skin paddle including a good
number of sizable lymph nodes. This flap is unlikely to cause
iatrogenic lymphedema; however, the damage of the marginal mandibular nerve should be avoided [25,28]. The thoracic

lymph node flap can include abundant soft tissue helping to

address large recipient defects and a good number of lymph
nodes. But it can cause iatrogenic lymphedema to the upper
extremity [29,30]. The greater omental lymph nodes can be
harvested using the right or left gastroepiploic artery. Numerous lymph nodes can be included and the scars can be hid-

den well. Although the laparoscopic approach significantly
reduces the donor-site complications, there can be significant
intestinal complications including peritonitis, injury to intra-abdominal organs, and bowel obstruction [31,32]. In addi-

tion to the greater omental lymph node flap, the jejunal meshttp://pfmjournal.org
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enteric lymph node flap is an intraabdominal donor option

of the significant decrease in cellulitis after liposuction

flap has constant vascular anatomy, a reliable lymph node

garments maintaining the new equilibrium for the rest of life

for VLNT avoiding iatrogenic extremity lymphedema. This

packet, and a well-concealed scar. Disadvantages include injury to viscera, adhesions, and internal hernia [23,33,34].

[42,43]. However, the mandatory wearing of compression
must be hard and cumbersome for patients.

Liposuction is a safe surgical procedure. There are several

Compared to LVB, VLNT carries slightly higher complica-

numbers of studies that report no complications during or

site or secondary lymphedema [36]. To prevent such compli-

gery can occur but the possibility can be reduced by using

tion rates [24,35]. The most serious complication is the donor

cations, reverse lymphatic mapping using radioisotope and
ICG dye should be considered [37].

It is not easy to make a certain standard for assessing and

interpreting the surgical results. Each patient’s stage is differ-

after surgery [42,44-46]. Excessive bleeding during the sur-

tumescent solution and tourniquet [39,47]. Sensory changes
or minor wound problems may occur, but most of them improve over time.

Significant post-liposuction in upper extremity volume can

ent, and it is also difficult to establish a subjective or objec-

be achieved [42]. When patients are compliant in wearing

evaluated in aspects of the excess circumference reduction

be maintained for many years. Also, patients who underwent

tive standard of assessment. However, the outcome can be
(%) and absolute circumference reduction (cm).

Debulking procedures

As lymphedema progresses, fibroadipose tissue accumulation is a predominant manifestation and characteristic skin

changes may follow. In this circumstance, the effects of phys-

iologic surgery, or conservative therapy may not be helpful
and the symptoms can be improved with a suction-assisted
lipectomy or direct excisions.

1) Liposuction
Liposuction should only be considered when there is no pitting. The pitting is a skin and soft tissue depression ex-

pressed in mm that appears by pressing strongly down on a
given area with the thumb for one minute [38,39]. The presence of pitting means there is fluid accumulation, in which

case, it may be possible to try conservative therapy, such as

CDT or controlled compression therapy and/or physiologic
surgeries first. In the absence of the pitting, liposuction can

be considered when the excess volume is not satisfactory
and the heavy arms or legs are uncomfortable. Patients considering Liposuction should be cancer-free. Patients must

also be compliant on wearing compression garments for life

to prevent re-accumulation of lymph after surgery and to
maintain their status.

When liposuction is carried out on the limb, evidence that

liposuction is damaging to lymphatics is not clear [40]. Besides, studies using the lymphoscintigraphy reported no further deterioration of lymphatic function following liposuc-

tion [41]. Moreover, there are reports of an increase in lymph

fluid transport and improvement in the skin blood flow to
near-normal levels, these findings may provide explanations
http://doi.org/10.23838/pfm.2020.00065

postoperative compression garments, volume changes can

liposuction can experience a significant decrease in the num-

ber of cellulitis [48,49]. In the aspects of quality of life, overall
well-being was improved and postoperative depression and
anxiety decreased [42,44,46].

CONCLUSION

In early-stage lymphedema, where protein-rich fluid accu-

mulates, expressed as pitting, conservative treatments, such
as CDT, and/or LVB should be considered. Once the stage is

more advanced and skin fibrosis and adipose tissue deposition are appearing, it may be considered to attempt VLNT

alone or VLNT and LVB simultaneously. If the stage is more
advanced and fibroadipose tissue accumulation is dominant, then it can be considered to perform liposuction. A di-

rect excision can be a helpful treatment option for the most
advanced stage of lymphedema. Based on this review, different strategic approaches are needed according to the stage.
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