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INTRODUCTION

Breast cancer-related lymphedema (BCRL) occurs in one of ev-
ery five patients (21.4%) [1,2]. The incidence of lymphedema 
during or after breast cancer treatment further debilitates pa-
tients and increases the challenge of achieving a symptom-free 
daily life [3]. In addition, the burden of knowing that the cor-
rection or treatment may not alleviate the symptoms related to 

lymphedema further frustrates patients [4]. 
To achieve physiological improvement of lymphedema, surgi-

cal reconstruction rather than decongestive therapy may be pre-
ferred. In order to provide a physiological solution, one must 
understand where and how the pathology of lymphedema oc-
curred. Even though there is no conclusively established patho-
physiology of BCRL, physical interruption of flow, radiation, 
obesity, and other factors have been proposed as major causes of 
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BCRL [4]. Physiological treatments, such as lymphaticovenous 
anastomosis (LVA) and vascularized lymph node transfer, have 
been developed to address the factors of interruption and ab-
sence of the lymphatic system [5].

These reconstructive treatments address the pathology direct-
ly, which has instigated a shift of the treatment paradigm from 
symptom management to physiological treatment. This is an 
ongoing field of surgery, where further research is needed to de-
termine both the efficacy and indications of these procedures. 
However, a consensus is slowly building based on the physical 
existence of lymphatic vessels. As an imaging technique, indo-
cyanine green (ICG) enables the visualization of lymphatic ves-
sels and plays a key role in determining the indications for lym-
phatic surgery. Unfortunately, the limited depth of ICG penetra-
tion means that it cannot be used to determine the applicability 
of various procedures for advanced-stage lymphedema. Al-
though advanced-stage lymphedema may involve further dys-
function of the lymphatic system, there is not enough evidence 
to determine whether it can be surgically corrected. In our expe-
rience, the lymphatic vessels may still be functional even in the 
most advanced cases [6]. Therefore, the approach to each pa-
tient should be carefully planned and individualized. 

At the authors’ institution, the treatment plan is made individ-
ually based on the patient’s symptoms and relative factors. Most 
early-stage patients first undergo decongestive therapy, and 
then, depending on the efficacy of the treatment, a surgical ap-
proach is suggested [4]. If a patient is indicated for surgery, a 
careful examination is performed to determine all the points of 
lymphatic flow obstruction. Thus, patients with BCRL, can be 
considered for LVA, a lymph node flap, scar resection, or a com-
bination thereof. The aim of this paper is to introduce a treat-
ment planning algorithm for BCRL patients based on each pa-
tient’s pathophysiology.

EVALUATION OF THE PATIENT’S 
PRESENTATION

In lymphedema, interstitial fluid accumulates due to a lack of 
drainage of the lymphatic system. Ideally, the best approach 
would be to reconstruct the lymphatic system itself, but doing 
so can be difficult. Thus, in order to bypass the obstruction, a 
lymphaticovenous shunt is created distal to the obstruction, re-
storing the flow of the lymphatics. The evaluation should start 
by identifying the obstruction point to address the issues in-
volved.

First, a careful history should be taken, with careful consider-
ation of previous oncologic surgery, including the extent of axil-
lary lymph node dissection, history of seroma, infection, hema-

toma, and radiation therapy, as these events can cause severe 
scarring and fibrosis of the axilla, increasing the risk for lymph-
edema. 

A physical evaluation of the severity of fibrosis of the axilla is 
then performed. Based on the findings of this evaluations, pa-
tients are categorized into three presentations: group 1, patients 
whose axillary continuity is well maintained with sufficient soft 
tissue; group 2, patients showing axillary continuity of the soft 
tissue but with firm and scarred tissue; and group 3, patients 
whose axillary continuity is completely disconnected and who 
show muscle to skin tightness. Evaluating the limitation of the 
axillary range of motion can provide helpful information. These 
findings determine the course of the axilla.

Finally, the patient undergoes multiple diagnostic modalities, 
such as lymphoscintigraphy, magnetic resonance lymphangiog-
raphy, ultrasonography, and ICG imaging, depending on their 
physical status [7,8]. Specific descriptions of these modalities 
will not be presented in this paper.

  

TREATMENT AND ALGORITHM

Lymphaticovenous anastomosis
The basic tool for upper limb lymphedema treatment is LVA 
[3]. The role of LVA for BCRL patients is superb in comparison 
to its role for lower limb lymphedema patients. As gravity is less 
effective in the upper limb than in the lower limb, the function 
of the lymphatics is relatively well preserved. Therefore, even in 
advanced stages, there is a high likelihood of finding functioning 
lymphatics using ultrasonography [4]. 

LVA targets the superficial collecting lymphatics, which are lo-
cated within the deep fat layer. Superficial lymphatics located 
within the dermis or superficial fat layer are precollectors that 
merge into the superficial collecting lymphatics. Therefore, by 
performing LVA to the superficial collecting lymphatics, the ef-
fect of LVA is maximized [9]. Among the numerous superficial 
collecting lymphatics, the ectatic lymphatics, which are trans-
parent and overinflated with high-pressure lymphatic fluid, are 
the primary target selected for LVA. Since the ectatic lymphatics 
actively drain the lymphatic fluid, lymphatic fluid will drain 
through the LVA bypass pathway. In contrast, sclerotic lymphat-
ics with hypertrophic, white walls have most likely lost their 
function of conveying lymphatic fluid [10]. Therefore, finding 
the ectatic lymphatics is the key to successful LVA.

To find the ectatic superficial collecting lymphatics, preopera-
tive mapping using ultrasonography is critical. The superficial 
collecting lymphatics are usually located just below the superfi-
cial fascia. The key technique to view the target vessel is to apply 
mild compression and to view the patent lumen; while under 



Kwon JG et al. Patient-specific surgery for BCRL

248

high pressure, the lumen collapses, indicating that it is a lym-
phatic vessel [7]. This distinction is the key to separate lymphat-
ics from veins, which collapse under weak pressure, and nerves, 
which have no lumen that can collapse. Since several lymphatics 
may be present, the surgeon should select the best-functioning 
lymphatics among those that are available. Functioning lym-
phatics that have ectasia show inflated circular lumina on ultra-
sonography. In addition, as sclerotic changes of the lymphatic 
wall are seen as hyperechoic walls on ultrasonography, it is rec-
ommended to choose lymphatics with thin and isoechoic walls.

Every superficial vein can be a candidate for LVA, but a vein 
with a valve proximal to the LVA is preferred as it will minimize 
backflow. Considering that LVA works based on the pressure 
gradient formed between the lymphatics and the vein, a vein 
with a proximal valve can maximize the pressure gradient [4]. In 
addition, if there is a vein with a branch, the branch is preferred 
for anastomosis due to the Venturi effect, which allows an in-

crease in flow toward the main vein. 
The methods of anastomosis vary from case to case. Among 

the end-to-end, end-to-side, side-to-end, and side-to-side anas-
tomosis techniques, anastomosis of the side of the lymphatics to 
the end of the vein, and side-to-side anastomosis are preferred 
as ways to preserve the original lymphatic flow (Fig. 1) [11]. 
When there is a very large size discrepancy between the lym-
phatic and vein, side-to-side anastomosis can be easier than oth-
er anastomosis techniques (Fig. 2).

To optimize outcomes, meticulous anastomosis is required, 
without leakage or mistakenly sutures of the back wall [12]. The 
biggest obstacle during anastomosis is identifying the lymphatic 
wall and the patent lumen. Although some reports have advo-
cated that more anastomoses can be better, the authors believe 
that one good side-to-end anastomosis can be as good as multi-
ple end-to-end anastomoses. The reason for this is that the en-
tire lymphatic system is connected to one continuous system, 

Fig. 1. After side-to-end lymphaticovenous anastomosis. A 0.4-mm 
size ectatic lymphatic was anastomosed to the vein in a side-to-end 
fashion. Thick arrow is lymphatics and thin arrow is superficial vein. 
(A) The color of the vein changed to transparent due to flow from 
the lymphatics. (B) Indocyanine green lymphangiography showing 
drainage of lymphatic fluid into the vein. 

Fig. 2. Side-to-side lymphaticovenous anastomosis. (A) The vein of 
the upper limb had a larger caliber than that of the lower limb. The 
size discrepancy was problematic. (B) Side-to-side lymphaticovenous 
anastomosis can solve the size discrepancy, maintaining the physio-
logical pathway of lymphatics. Thick arrow is lymphatics and thin 
arrow is superficial vein.
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and the valvular function of the lymphatics is impaired in 
lymphedema patients [13,14].

The authors apply immediate compression on the surgical ta-
ble. The target pressure is 25–35 mmHg, creating a higher-pres-
sure gradient between the lymphatics and vein after LVA [15].

Axillary scar removal and fat advancement flap
Recent studies have shown that chronic fibrosis plays a key role 
in the pathophysiology of lymphedema [16,17]. When opening 
the axilla, one of the goals is to remove the scars/fibrosis com-
pletely or as much as possible [3]. We believe that scar removal 
relieves the vein pressure and allows better drainage. Therefore, 
removing the perivascular scarring surrounding the axillary vein 
is key. Furthermore, removing the scars and reconstructing the 
fat layer will make it more likely that the lymphatics will regen-
erate. However, removing scars from the axilla is not easy due to 
the complicated neurovascular anatomy of the axilla. The axil-
lary vein is a landmark, as it is large and located more superfi-
cially than the axillary artery or brachial plexus. By dissecting 
the space below the pectoralis major muscle, the surgeon can 
easily reach the axillary vein. Once the axillary vein is seen, care-
ful dissection is required to minimize the damage to the brachial 
nerve and axillary artery. The key to dissecting perivascular 
scarring is finding the layer between the scar tissue and the nor-
mal anatomy. Once this layer is found, dissection can be per-
formed easily with minimal risk. In addition, special care is re-
quired not to injure the thoracodorsal system and lateral thorac-
ic system, as they can be used for recipient vessels during vascu-
larized lymph node transfer.

After the complete removal of scar tissue, the size of the axil-
lary defect is evaluated. If the gap or defect is small enough (usu-
ally, when the long axis of the defect is less than 3 cm), then re-
gional transposition or advancement of the fat based on a ran-
dom-pattern pedicle can be performed to obliterate the defect 
after scar removal. In our experience, most patients who could 
undergo regional fat flaps were not advanced cases. In patients 
who underwent breast-conserving surgery with sentinel lymph 
node dissection and had enough axillary soft tissue, the defect 
was easily covered with a regional fat flap. However, in most ad-
vanced cases, there was a large defect, for which a free flap was 
needed to obliterate and reconstitute the fat layer. In particular, 
patients who underwent extensive axillary lymph node dissec-
tion commonly required an additional free flap, as the boundary 
of scarring was extensive. 

Axillary scar removal and vascularized lymph node 
transfer
After axillary scar removal, if there is a large defect, then vascu-

larized lymph node transfer with abundant adipose tissue is re-
quired to reconstitute the continuity of the fat and soft tissue 
under the skin. Since the best reconstructive option is replacing 
like with like, reconstruction with flaps that have abundant fat 
and lymphatic structure is ideal [18].

During scar tissue removal, potential recipient vessels can be 
identified. The thoracodorsal artery and vein beneath the latis-
simus dorsi muscle, the serratus branch of the subscapular artery 
and vein, and the lateral thoracic vessels on the chest wall are 
commonly used in our practice. One should try to acquire a 
lengthy recipient vessel to facilitate easy anastomosis. 

Although various donor sites can be used, the superficial cir-
cumflex iliac artery perforator flap is our workhorse flap for up-
per arm lymphedema due to its ease of dissection, the abun-
dance of fat and lymph nodes, reliable pedicle anatomy, and 
minimal donor-related morbidity [4]. The location of lymph 
nodes and pedicles can be preoperatively evaluated using com-
puted tomography angiography, magnetic resonance imaging, 
and ultrasonography [7,19]. To prevent iatrogenic lymphedema 
of the donor site, the lymph node located medial to the femoral 
artery is preserved and the lymph node located lateral to the 
femoral artery is harvested [4]. Reverse mapping with an iso-
tope can be performed to further minimize the risk of iatrogenic 
lymphedema [20]. Single photon emission computed tomogra-
phy is another modality to protect functioning lymph nodes 
from being harvested, but imposes an additional cost [4]. It is 
important to completely fill the defect with the flap tissue, as 
any remnant dead space will cause fibrosis of the soft tissue, 
again obstructing the fat-to-fat contact. Depending on the di-
mensions of the defect, the flap dimensions are carefully de-
signed (Fig. 3A).

There are two choices regarding the flap elevation plane. A su-
per-thin (superficial fascia plane) flap can reduce the risk of iat-
rogenic lower limb lymphedema, as only the harvested lymph 
node is included in the flap, whereas the rest of the lymphatic 
structure is preserved [21,22]. However, if this flap is not suffi-
cient to completely obliterate the dead space, then additional fat 
can be added by harvesting the flap on the deep fascia (suprafas-
cial plane), but doing so may increase the risk of iatrogenic lower 
limb lymphedema. 

A skin incision is made until the superficial fascia is reached, 
usually beginning from the lateral lower margin of the flap. After 
identifying the superficial branch of the superficial circumflex il-
iac artery and superficial vein penetrating the superficial fascia, 
the rest of the flap is elevated. The flap is elevated from the later-
al toward the medial side, and as the dissection on this plane 
reaches near the pedicle, lymph nodes will be noted and includ-
ed in the flap with preservation of the small vessels supplying 
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the lymph node (Fig. 3B).
It is important to obliterate the entire dead space, and during 

flap positioning, the contact between the flap and peripheral fat 
layer should be reconstructed (Fig. 3C). The flap is anchored to 
the chest wall and axilla. As hematoma can cause fibrosis of the 

tissue again, meticulous hemostasis is required and insertion of 
a drain is recommended to prevent hematoma collection. Flap 
monitoring is performed using ultrasonography or a small mon-
itoring flap. Ambulation begins on postoperative day 1 and the 
arm is maintained in the slightly abducted position using an arm 
sling to prevent compression at the pedicle site. 

Simultaneous breast reconstruction
If a patient with lymphedema needs to undergo simultaneous 
breast reconstruction, the approach for lymphedema surgery 
can differ. For breast reconstruction, a deep inferior epigastric 
artery perforator (DIEP) free flap is selected. Conventionally, 
many centers attach the groin lymph node within the DIEP flap 
along the inferior margin of the DIEP flap as a single flap during 
the DIEP flap harvest [4]. However, in our experience, without 
separating the groin lymph node from the DIEP flap, it becomes 
difficult to inset the flap and to position the groin lymph node 
in the right space. Thus, the superficial circumflex iliac artery 
perforator flap is harvested separately from the DIEP flap. For a 
symmetric scar on the abdomen, the skin and superficial fat lay-
er of the groin area are preserved at the donor site and only the 
deep fat layer and lymph node are harvested (Fig. 4). To mini-
mize seroma collection at the donor site, negative-pressure 
wound therapy is applied to the groin donor site for 5 days [23]. 
In such cases, the serratus branch is usually used as the recipient 
vessel to preserve the main thoracodorsal artery and vein as a 
lifeboat in the case of DIEP flap compromise.

DISCUSSION

To provide an adequate surgical solution for lymphedema pa-
tients, the approach needs to be individualized. For a physiolog-

Fig. 3. Axillary scar removal and lymph node transfer. (A) After axil-
lary scar tissue removal, a fresh fat tissue margin was achieved. The 
thoracodorsal artery (thick arrow) and vein (thin arrow) were dissect-
ed as recipient vessels. (B) A 15×5 cm superficial circumflex iliac ar-
tery flap was harvested. (C) Dead space in the axillary pocket was 
obliterated with the superficial circumflex iliac artery flap.

Fig. 4. For simultaneous breast reconstruction, the superficial circum-
flex iliac artery (arrow) flap includes a deep fat layer and lymph node. 
The skin and superficial fat layer are preserved at the donor site.
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ical surgical solution, one must think about the pathology of the 
obstructed site and provide a site-specific solution in addition to 
LVA. Fig. 5 provides an algorithm for the approach in lymph-
edema patients who will be considered for physiological surgical 
solutions. 

In our experience, LVA can be performed in most patients re-
gardless of the duration of lymphedema or the International So-
ciety of Lymphology (ISL) stage. Functioning lymphatics can 
be found in most BCRL patients. Patients with ISL stage 3, even 
if the fibrosis of the peripheral tissue is severe, frequently exhibit 
functioning lymphatics, although they may be fewer in number. 
Although the process of finding functioning lymphatics using 
ultrasonography is time-consuming, the reliability and predict-
ability are very high, making surgery efficient. In patients with 
ISL stage 3, by using functional lymphatics, the color of the vein 
changes to the lymphatic fluid color after LVA (Fig. 6). 

In addition to LVA, the process for axillary scar removal is im-
portant. Unless there is very supple and unscarred axilla, most 

patients undergo some form of scar release. If the lymphatics are 
injured during the initial oncologic surgery, the lymphatic ves-
sels contract, the defect is void of fat, and the resultant scars lead 
to a harsh environment for lymphatic regeneration. Further-
more, the scar tissue can compress the axillary veins, increasing 
the venous pressure and making the outcomes after LVA less fa-
vorable. Therefore, in order to treat lymphedema properly, these 
scars, which form barriers against lymphatic regeneration, must 
be well removed.

After scar tissue removal, the strategy for preventing the refor-
mation of scar tissue must be followed by obliterating the dead 
space with fat and lymph nodes. Thus, a wider scar has a higher 
need for lymph node flaps. When simultaneous breast recon-
struction is planned, one should not compromise the overall 
aesthetic outcome for breast reconstruction or positioning of 
the lymph node flap.

Even though liposuction is a treatment option for advanced 
lymphedema patients, liposuction is not recommended as a 

Fig. 5. Algorithm for surgical planning for breast cancer-related lymphedema patients. LVA, lymphaticovenous anastomosis; VLNT, vascularized 
lymph node transfer. 

Axillary status

DepressedSufficient 
soft tissue 
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LVA alone
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Fig. 6. Lymphaticovenous anastomosis in advanced lymphedema patient. (A) Even though there was severe fibrosis on the lobular septum and 
fat lobule itself, a 0.65-mm ectatic lymphatic was preserved from sclerosis. (B) Side-to-end lymphaticovenous anastomosis was performed to a 
0.8 mm vein. (C) Indocyanine green drained into the anastomosed vein. Thick arrow is lymphatics and thin arrow is superficial vein.
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first-line treatment option as it can disrupt the remnant lym-
phatics. Studies have proven the effect of LVA in advanced-stage 
lymphedema. Therefore, physiological surgery should be tried 
as a first-line treatment option. At our center, liposuction is per-
formed only for patients in whom physiological surgery had no 
effect. When liposuction was indicated, aggressive liposuction 
was performed under a tourniquet, as the entire subcutaneous 
fat layer should be removed. After liposuction, compressive ban-
daging should be performed before releasing the tourniquet.

There is still no exact algorithm for the surgical treatment of 
BCRL patients [24]. Because of the lack of knowledge about 
the exact pathophysiology of the disease, it is unsurprising that 
the algorithm shown here is primarily based on personal experi-
ences. This paper introduces an algorithm based on addressing 
the pathology, with individualization depending on the severity 
of BCRL. Algorithms will always evolve and change, and this al-
gorithm is one of many that surgeons can use. 

CONCLUSION

By deciding the surgical plan for BCRL based on each patient’s 
pathophysiology, optimal outcomes can be achieved. Depend-
ing on each patient’s pathophysiology, LVA, scar removal, vascu-
larized lymph node transfer with a sufficient adipocutaneous 
flap, and breast reconstruction should be planned.
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