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Introduction

Lymphedema is an edematous disease because of 
abnormal lymph circulation, and can be divided into 
primary and secondary lymphedema (1-3). Primary 
lymphedema is lymphedema other than secondary 
lymphedema, including genetic disorders such as 
Milroy disease (1,4). Secondary lymphedema develops 
after damage to the lymphatic system by such as 
trauma, lymph node dissection, infection, and radiation 
(2-5). With improvement of cancer survival rate, 
increasing number of cancer survivors suffer from 
lymphedema. Since lymphedema is incurable and 
progressive in nature, lymphedema management is 
becoming a major public health issue to be solved.

Treatment for lymphedema

Conservative treatments are mainstays of lymphedema 
treatment. The most important conservative therapy is 
compression treatment with either bandage or garments 
(1-3). Pressure gradient should be considered when 
bandage is applied. Therefore, appropriate bandaging 
requires specialized training. Garments specialized for 
lymphedema is recommended for most lymphedema 
cases. Other conservative therapies include skin care, 
appropriate exercise under compression therapy, and 
manual lymph drainage.
 Even with rigorous conservative treatments, most 

lower extremity lymphedema cases and some upper 
extremity lymphedema cases cannot be controlled to 
stop progression of the disease. For such progressive 
intractable lymphedema refractory conservative 
treatments, surgical interventions are considered (3,6-10).

Lymphedema surgeries

Surgical treatments for lymphedema are largely 
classified into debulking surgery and physiologic 
reconstructive surgery (3,8,11). Debulking surgery aims 
to directly reduce volume by removing lymphedematous 
tissue; surgical resection and liposuction are applied 
(3,11). Physiologic reconstructive surgery includes 
lympholymphatic bypass, lymphovenous bypass, 
and lymphatic tissue transfer (3,6-9,12-14). Among 
various lymphedema surgeries, supermicrosurgical 
lymphaticovenular anastomosis (LVA) is the least 
invasive surgery effective for progressive lymphedema 
(7,8-10).

Lymphaticovenular anastomosis (LVA)

LVA surgery is a kind of lymphovenous bypass 
surgery, in which a lymph vessel is anastomosed to a 
nearby venule or a small vein (6-10,11-15). In other 
lymphovenous bypass surgeries, lymph vessel or node is 
inserted into or attached to a vein, and tissues other than 
the endothelium are exposed to venous blood, which 
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results in clot formation; thrombosis rate is high, and 
even deep vein thrombosis and pulmonary embolism 
have been reported (3,6,15). On the other hand, a 
lymph vessel is anastomosed to a vein in an intima-
to-intima coaptation manner in supermicrosurgical 
LVA. The lumen of anastomosis site is covered by the 
endothelium, which prevents thrombosis even when 
venous blood contacts the anastomosis site. LVA can be 
performed under local infiltration anesthesia via a small 
skin incision, and no serious postoperative complication 
is reported (6-9,12-14).
 Although LVA allows minimally invasive surgical 
treatments effective for compression-refractory 
progressive lymphedema, sophisticated microsurgical 
technique called supermicrosurgery is required (6,7,8,16). 
Supermicrosurgery is a microsurgical technique 
manipulating vessels with diameter of 0.5 mm or 
smaller, whereas conventional microsurgery deals with 
1-2 mm vessels. A supermicrosurgeon has to master 
the feeling of sensation of a tip of a 50 micron needle 
for secure suturing (6,7,17). Understanding physiology, 
pathophysiology, and mechanism of lymphedema 
and LVA is also a key to successful management 
of lymphedema with appropriate perioperative 
management.

Preoperative management

Preoperative evaluation of lymph flow is critical for 
surgical indication and selection of incision sites. 
Indocyanine green (ICG) lymphography is the most 
useful imaging modality for lymph circulation. 
Near-infrared fluorescent images are obtained after 
intradermal or subcutaneous ICG injection at 2 phases; 
at an early transient phase observation immediately 
after ICG injection, and at a late plateau phase 
observation 2-72 hours after injection (4,5,18,19). 
This dual-phase ICG lymphography is called dynamic 

ICG lymphography (18). ICG lymphography findings 
are classified into Linear, Reticular, Splash, Stardust, 
and Diffuse patterns (Figure 1) (5,18). At a transient 
phase, Linear and/or Reticular patterns are seen. 
At a plateau phase, Linear, Splash, Stardust, and/or 
Diffuse patterns are seen. Linear pattern is a normal 
finding, representing collecting lymph vessels' flows. 
The other patterns represent abnormal findings called 
dermal backflow (DB). According to dynamic ICG 
lymphography findings, pathophysiological stage is 
determined, and recommended LVA sites are decided.
 Based on visibility of Linear pattern and extension 
of DB patterns, ICG lymphography stage is determined 
(Table 1) (19,20). ICG stage consists of stage 0 (no 
lymphedema), stage I (subclinical lymphedema), 
stage II (early lymphedema), and stage III/IV/V 
(progressed lymphedema). LVA is well recommended 
for lymphedema staged as ICG stage II/III/IV (5-
10,13,14,16). LVA is considered as a prophylactic 
treatment for stage I subclinical lymphedema; LVA 
reduce progression risk of subclinical lymphedema 
from 40% to 0-5% (2,3,7). LVA can be performed 
for stage V lymphedema, but success rate to reduce 
lymphedematous volume is 30-50%. Vascularized 
lymph node transfer is recommended for stage V 
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Table 1. ICG lymphography stage

Stage

Stage 0
Stage I
Stage II
Stage III
Stage IV
Stage V

ICG lymphography findings

Linear pattern only (No DB pattern)
Linear pattern + Splash pattern*
Linear pattern + Stardust pattern (1 region)**
Linear pattern + Stardust pattern (2 regions)**
Linear pattern + Stardust pattern (3 regions)**
Stardust and/or Diffuse pattern (No linear pattern)

* Splash pattern is usually seen around the axilla/groin. ** Upper/
lower extremity is divided into 3 regions; the upper-arm/thigh, the 
forearm/lower-leg, and the hand/foot. DB: dermal backflow; ICG: 
indocyanine green.

Figure 1. Indocyanine green lymphography findings. Normal lymphography findings is Linear pattern, whereas abnormal 
findings are Reticular, Splash, Stardust, and Diffuse patterns.
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and increasing lymph flow into one recipient vein. 
To prevent venous reflux into an anastomosis site, 
valvuloplasty, neo-valvuloplasty, venous-branch-
plasty, and valve-containing-venous grafting are 
useful (12-14). To increase lymph flow into a recipient 
vein, multiple-in-one (MIO) concept is important; 
multiple lymph flows are bypassed into one vein. In 
MIO concept, utilizing all anastomotic configuration 
plays an important role. Lambda-shaped anastomosis 
allows both proximal and distal lymph flows in one 
vein, in which proximal ES and distal EE anastomoses 
are performed (6). Sequential anastomosis diverts 
many lymph flows into one vein with the use of SS 
anastomoses. Other anastomotic combinations include, 
multiple SE anastomoses, all-star anastomoses, and 
ladder-shaped anastomoses.

Postoperative management

Immediate postoperative compression keeps anastomosis 
sites patent, with continuous lymph-to-venous flows via 
the anastomoses (3,6,7,16). In a lymphedematous limb, 
lymphatic system is closed; obstructed in the proximal 
region. When the limb is compressed, lymphatic 
pressure becomes higher. On the other hand, venous 
system is open, and venous pressure stays constant when 
compressed. Therefore, postoperative compression 
increases only lymphatic pressure, which leads to lymph-
to-venous pressure gradient and continuous lymph 
flow via an anastomosis. In other microsurgical or 
supermicrosurgical vascular anastomosis, compression 
should be avoided. However, postoperative compression 
should be resumed immediately after operation in LVA 
surgery.

Conclusions

Supermicrosurgical LVA is minimally invasive surgical 
treatment effective for progressive lymphedema. ICG 
lymphography is useful to consider indication and skin 
incision sites of LVA. Various techniques help a surgeon 
to do this challenging supermicrosurgery. Immediate 
postoperative compression is recommended for better 
clinical results.
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