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Introduction

Lymphedema is a chronic, progressive disease characterized 
by the accumulation of lymphatic fluid in the body due 
to impaired transport in the lymphatic system. Initially, 
symptoms include reversible soft tissue swelling from 
proteinaceous lymphatic fluid collecting in subcutaneous 
tissues. Over time, symptoms progress to irreversible 
swelling, increased inflammation, and deposition of 
fibrofatty tissue. Patients with lymphedema suffer from 
decreased mobility and function, recurrent infections, loss 
of body confidence due to disfigurement, emotional and 
psychological distress, and lower quality of life (1).

In developed countries including the Unites States, 
the most common cause of lymphedema is secondary to 

oncologic treatment. A 2013 meta-analysis found that an 
estimated 21% of breast cancer survivors develop upper 
extremity lymphedema (2), and this has been associated 
with risk factors including axillary lymph node dissection, 
adjuvant regional lymph node radiation therapy, and higher 
body mass index (BMI) (1-3).

Nonsurgical or conservative treatment is generally 
considered first line for management of lymphedema. 
Complete decongestive therapy (CDT) is a multimodal 
approach typically directed by a trained physical therapist 
and includes manual lymphatic drainage, daily bandaging, 
exercise, weight loss if indicated, and meticulous skin and 
nail care to minimize the risk of infection. However, CDT 
is expensive and time consuming for patients, with some 
reporting over 40 hours per week devoted to therapy (4). In 
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addition, it only addresses symptoms and not the underlying 
cause of lymphedema.

Although there is currently no cure for lymphedema, 
there has been growing interest in surgical options to 
help alleviate symptoms. These can be subdivided into 
physiologic versus debulking surgeries. Physiologic surgeries 
include lymphovenous bypass (LVB) and vascularized lymph 
node transfer (VLNT). LVB involves the anastomosis of 
subdermal lymphatic channels with adjacent venules using 
supermicrosurgical techniques, helping to drain the excess 
lymphatic fluid trapped in soft tissues (5). Compared to 
VLNT, LVB is sometimes considered a more attractive 
option because it is less invasive and carries minimal 
risk. However, it can only be performed when functional 
lymphatic channels are available. VLNT refers to the 
free tissue transfer of lymph nodes from donor sites such 
as the supraclavicular, thoracic, mesenteric (omentum), 
or groin lymph nodes. Though the exact mechanism is 
unclear, it is thought that the transplanted lymph nodes 
may induce lymphangiogenesis and/or act as a “sponge” to 
absorb and redirect excess lymphatic fluid into the vascular 
system (6). Debulking surgeries include liposuction and 
direct excision. While these surgeries have been shown to 
successfully reduce limb volume (7), they are more suited 
for advanced lymphedema, when limb swelling is caused by 
the accumulation of fibrofatty tissue rather than lymphatic 
fluid. 

The purpose of this article is to review the history, 
mechanism of action, surgical considerations, current 
outcomes data, and future directions of LVB specifically for 
risk reduction of breast cancer related lymphedema.

Historical background and evolution of technique

The history of LVB is closely linked to the history of 
microsurgery and has relied on the advent of new surgical 
techniques, instruments, and imaging modalities (8). The 
concept of treating extremity lymphedema by “anastomosis 
of terminal blocked lymphatics to neighboring venules” was 
first described in the early 1960s by Jacobson and Suarez (9). 
In the 1980s, as the field of microsurgery developed further, 
several clinical studies on the successful use of LVB to treat 
lymphedema were reported (10-14). However, LVB was 
not popularized until 2000, when Koshima et al. reported 
using supermicrosurgical techniques to perform LVB for 
treatment of upper extremity lymphedema (15). 

Although the term “LVB” historically represented 
all procedures physiologically connecting the lymphatic 

and venous systems, today it most commonly refers to 
supermicrosurgical anastomosis of lymphatic channels 
to venules. Other physiologic procedures used to divert 
congested lymphatic fluid into venous circulation include 
lymph node to venous anastomosis (LNVA), where a 
lymph node is transected and the capsule of the node is 
sutured to the vein wall (16). Though these procedures 
showed experimental promise, they did not translate 
to clinical success. This article specifically focuses on 
supermicrosurgical LVB, and refers to such procedures as 
simply “LVB”. 

The term “supermicrosurgery” was first used by Koshima 
in 1997 (17,18). It is formally defined as a technique of 
dissection and anastomosis of vessels <0.8 mm in diameter, 
and it requires highly delicate microsurgical instruments 
and sutures with needles <30–80 µm in size (17). As most 
lymphatic channels are <0.5 mm, successful LVB was not 
consistently possible until the development of specialized 
equipment and techniques for supermicrosurgery.

The popularization of LVB also relied on advances in 
imaging modalities and contrast agents to identify functional 
lymphatic channels in real time for surgical planning. Older 
imaging modalities, such as direct lymphangiography and 
Technetium-99 (Tc-99) radionuclide lymphoscintigraphy, 
are not suitable for operative guidance as they have 
poor resolution, provide static images, and are time  
consuming (6). 

Indocyanine green (ICG) lymphography, which was 
introduced by Ogata et al. in 2007, is currently the preferred 
modality for real time visualization of lymphatic channels 
(19,20). ICG, a non-toxic medical dye with fluorescent 
properties, is injected intradermally in the web spaces of 
the affected extremity. Using a near-infrared camera and 
a laser light source to activate the fluorescence of ICG, 
lymphatic channels as small as 0.1 mm in diameter can be 
seen within minutes, identifying suitable channels for LVB 
as well as the severity of lymphedema based on pattern and 
dermal backflow (Figure 1). ICG lymphography has also 
been shown to be more sensitive than lymphoscintigraphy 
in diagnosing early lymphedema (21). The use of intra-
operative ICG lymphography is essential to performing 
LVB. 

Mechanism of action

LVB has been shown to treat lymphedema by mechanically 
improving lymphatic drainage and by physiologically 
decreasing the inflammatory changes involved in 
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Figure 1 Lymphedema classification based on ICG lymphangiographic findings. (Left) Stage 1: many patent lymphatic vessels, with 
minimal, patchy dermal backflow. (Second from left) Stage 2: moderate number of patent lymphatic vessels, with segmental dermal 
backflow. (Second from right) Stage 3: few patent lymphatic vessels, with extensive dermal backflow involving the entire arm. (Right) Stage 
4: no patent lymphatic vessels seen with severe dermal backflow involving the entire arm and extending to the dorsum of the hand. With 
permission from “Chang DW, Suami H, Skoracki R. A prospective analysis of 100 consecutive lymphovenous bypass cases for treatment of 
extremity lymphedema. Plast Reconstr Surg 2013;132:1305-14”. ICG, indocyanine green.

lymphedema (22). Lymphatic drainage normally occurs 
via extrinsic and intrinsic forces, with skeletal muscle 
contraction acting as an extrinsic pump and smooth 
muscle cells in the walls of lymphatic channels acting as an 
intrinsic pump (23). LVB creates a connection between the 
lymphatic and venous systems, bypassing diseased segments 
of lymphatic channels and acting as lymphovenous shunts. 
Patients with chronic lymphedema have dilated lymphatic 
channels and increased lymphatic pressure, which helps 
with drainage through newly created LVBs as fluid from 
the higher pressure lymphatic system flows into the 
lower pressure venous system. However, as lymphedema 
progresses, the endothelial and smooth muscle cells in 
the walls of lymphatic channels are destroyed, leading 
to occlusion particularly at the more proximal aspect of 
the affected extremity (24). Therefore, LVB is generally 

performed using the distal lymphatic vessels, which have 
preserved vessel architecture and therefore a functional 
intrinsic pump to actively move lymphatic fluid into the 
recipient vein (24). 

In addition to mechanically shunting lymphatic fluid 
away from diseased channels, LVB has also been shown to 
attenuate the inflammatory process in lymphedema. The 
pathophysiology of lymphedema in mouse models involves 
the activation and proliferation of CD4 T helper 2 (Th2) 
cells, which promote the production of profibrotic cytokines 
and growth factors such as transforming growth factor-
beta 1 (TGF-β1), interleukin-4 (IL-4), and interleukin-13  
(IL-13). Inhibition of these pathways prevents the 
development of fibrosis, and the severity of lymphedema is 
positively correlated with the degree of CD4 inflammation 
(25-27). In 2015, Torrisi et al. demonstrated histological 
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Figure 2 Indocyanine green lymphangiography is performed by intradermal injection of indocyanine green into each finger/toe web of the 
lymphedematous limb. An infrared camera is used to visualize and mark the visible lymphatic pathways. With permission from “Chang DW, 
Suami H, Skoracki R. A prospective analysis of 100 consecutive lymphovenous bypass cases for treatment of extremity lymphedema. Plast 
Reconstr Surg 2013;132:1305-14”.

Posterior Anterior

evidence of decreased local tissue CD4 cell inflammation, 
collagen deposition, hyperkeratosis, and epidermal 
proliferation in skin biopsies of patients with breast cancer 
related lymphedema 6 months after LVB (28). Their 
findings suggest that LVB can potentially reverse some of 
the pathologic tissue changes seen in lymphedema.

Surgical considerations

Pre-operative workup begins with a detailed history 
and physical examination, particularly focusing on the 
etiology, duration of symptoms, and degree of severity 
of lymphedema. Imaging such as lymphoscintigraphy 
may be helpful in establishing a diagnosis. There are few 
contraindications to LVB, except for severe lymphedema 
where functional lymphatic channels may not be available. 
In addition, there are fewer risks with LVB compared to 
VLNT, such as no potential donor site morbidity. 

Several surgical techniques for LVB have been described. 
As with any surgical technique, the principles remain the 
same, though specific details may vary due to institutional 
practice and surgeon preference. For the purposes of this 
review article, we describe the senior author’s current 
practice. The procedure begins with ICG lymphography 
to identify lymphatic channels that are potential targets 
for bypass. 0.01 to 0.02 mL of ICG (Akorn Inc., Lake 
Forest, IL, USA) is injected intradermally into the web 
spaces of the lymphedematous extremity. Then, a near-
infrared fluorescence imaging system (Photodynamic Eye, 

Hamamatsu Photonics, Hamamatsu, Japan) is used to 
visualize patent lymphatic channels, guiding the location of 
incision sites for LVB (Figure 2) (5). If no potential targets 
are identified with ICG, it is possible to proceed with 
LVB by making incisions at defined points and searching 
for suitable lymphatic channels in these areas (29,30). 
However, this method is less ideal as it cannot distinguish 
functional lymphatic channels with an intact intrinsic pump 
mechanism, which is important for successful outcomes. 
0.1 to 0.2 mL of isosulfan blue dye (Lymphazurin, United 
States Surgical Corp., Norwalk, CT, USA) is also injected in 
the web spaces to help visually identify lymphatic channels 
intra-operatively. 

Once a suitable lymphatic channel is found, LVB is 
performed under the microscope using 11-0 or 12-0 
suture to anastomose it to a nearby recipient venule. The 
recipient venule is tested to ensure there is minimal venous 
backflow. The anastomosis is usually done in end-to-end 
fashion if the vessels are similarly sized or end-to-side if 
the recipient venule is significantly larger or has significant 
backflow. The patency of the LVB can be confirmed in real 
time by seeing the isosulfan blue and/or ICG dye travel 
from the lymphatic channel into the venule (Figure 3). 
Other anastomotic techniques have been reported in the 
literature, including various configurations such as “ladder-
shaped” multiple side-to-side LVBs (31), pi (π) shaped 
anastomosis (32), lambda (λ) shaped anastomosis (33), and 
an “octopus” technique where multiple lymphatic channels 
are intussuscepted into a single recipient venule (34). 
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Figure 3 The patency of the bypass is confirmed by observing the isosulfan blue dye pass from the lymphatic channel through the 
anastamosis into the venule. Alternatively, indocyanine green may also be used if the operating microscope has capability for ICG 
fluoroscopy. With permission from “Chang DW, Suami H, Skoracki R. A prospective analysis of 100 consecutive lymphovenous bypass cases 
for treatment of extremity lymphedema. Plast Reconstr Surg 2013;132:1305-14”. ICG, indocyanine green.

LVB relies not only on the creation of an anastomosis 
between the lymphatic and venous systems, but also on the 
maintenance of its patency. Higher venous pressures and 
excess blood contact have been associated with thrombosis 
and fibrosis of LVB, so modifications such as distal ligation, 
proximal valvuloplasty, and creation of pseudovalves to 
prevent venous stasis and backflow have been described to 
improve long term patency rates (14,35,36). Some authors 
also advocate for the use of intravascular stents to help 
ensure patency (33,37). Meticulous surgical technique has 
also been shown to be essential to anastomotic success (35). 
Long term patency rates of LVB in breast cancer related 
lymphedema are estimated to be at least 56.5% (38).

Post-operatively, patients are seen immediately by the 
inpatient physical therapy team for compression wrapping. 
Afterwards they may be discharged, as LVB alone is 
outpatient surgery. Patients are then instructed to resume 
previous compression therapy and garments 1 month after 
surgery to allow the bypasses to mature.

Outcomes

This section highlights published studies in the current 
literature supporting the efficacy of LVB in treating 
lymphedema. For a more complete overview, several 
systematic reviews have demonstrated that LVB results in 
both quantitative and qualitative improvement in breast 
cancer related lymphedema (39-42), including a 2021 meta-
analysis reporting grade 1C evidence that LVB is effective 
in reducing the severity of lymphedema (41). 

Quantitative improvement

Multiple studies have shown that LVB results in significant 
limb volume reduction, limb circumference reduction, 
and decreased episodes of cellulitis. Most of these studies 
are case series or prospective cohort studies, and many do 
not stratify results based on the etiology of lymphedema. 
However, the majority focus on or include upper extremity 
lymphedema secondary to breast cancer, as this remains the 
most common cause of secondary lymphedema.

One of the earliest contemporary studies to examine 
LVB in upper extremity lymphedema was from Koshima 
et al., who reported a case series showing an average 
decrease in limb circumference of 4.1 cm (47.3% of pre-
operative excess) in 12 patients who underwent LVB 
and post-operative continuous compression therapy 
compared to an average decrease in limb circumference 
of 0.8 cm (11.7% of pre-operative excess) in 12 patients 
who received compression therapy alone (15). In 2010, 
Chang et al. reported a prospective study of 20 patients 
with breast cancer related lymphedema (29). Thirteen 
out of 20 patients (65%) had quantitative improvement 
with a mean volume differential reduction of 29% at  
1 month, 36% at 3 months, 39% at 6 months, and 35% at 
1 year (29). Three years later, the same group reported a 
prospective study of 89 consecutive cases of LVB for upper 
extremity lymphedema secondary to breast cancer and 
found quantitative improvement in 74% of patients (5). The 
mean volume differential reduction was 33% at 3 months, 
36% at 6 months, and 42% at 12 months after LVB, 
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and the reduction was significantly larger in early stage  
lymphedema (5). Poumellec et al. reported decreased arm 
circumference after LVB in 31 females with upper extremity 
lymphedema secondary to breast cancer, with greater 
improvement seen in early stage lymphedema as shown by 
29.5% reduction in stage 2, 13.1% reduction in stage 3, and 
0% reduction in stage 4 lymphedema (43). Winters et al. 
reported a series of 29 patients with breast cancer related 
lymphedema who underwent LVB, with a preoperative 
mean difference in arm volumes of 701±435 mL (36.9%), 
which was reduced to 496±302 mL (24.7%, P=0.00) at  
6 months and 467±303 mL (23.5%, P=0.02) at 12 months 
follow up (44). 

In addition to limb size improvement, LVB has also been 
shown to reduce the frequency of cellulitis in lymphedema. 
Mihara et al. reported a retrospective review of 95 patients 
with upper and lower extremity lymphedema who had 
an average of 1.46 episodes of cellulitis in the year before 
LVB compared with 0.18 episodes in the year after LVB 
(P<0.001) (45). Similarly, Pereira et al. reported a mean of 
1.3 cellulitis episodes per year pre-operatively compared to 
0 cellulitis episodes per year after LVB for upper extremity 
lymphedema (46).

LVB has also been shown to be a safe procedure with 
a minimal risk profile. A 2021 systematic review of LVB 
for upper extremity lymphedema found that no surgical 
complications were reported except for one episode of skin 
irritation at the site of contrast injection and one episode of 
hypertrophic scarring (42).

Qualitative improvement

LVB has also been shown to provide lymphedema patients 
with symptomatic relief and improved quality of life. Older 
studies mainly used subjective patient reports, while more 
recent studies have used validated quality of life measures. 
Examples of these validated tools include the lymphedema 
quality of life questionnaire (LYMQOL) which covers 
4 domains including function, body image, symptoms, 
and mood, as well as the Lymphedema International 
Classification of Functioning questionnaire (Lymph-ICF) 
which covers 5 domains including physical function, mental 
function, household activities, mobility, and life and social 
activities. 

Winters et al. found that the overall perceived LYMQOL 
score increased from 5.8±1.1 to 7.4±0.7 (P=0.00), with 
significant improvement in each domain (44). Salgarello  
et al. reported a prospective study of 74 patients with upper 

or lower extremity lymphedema who underwent LVB with 
an average follow-up time of 8.5 months. Upper extremity 
lymphedema patients had an increase of 2.3 points in 
their overall LYMQOL score, with statistically significant 
improvement in all 4 domains (47). Cornelissen et al. also 
reported a prospective study of 20 women with early stage 
breast cancer related lymphedema who had statistically 
significant improvement in Lymph-ICF score and all 
domains 1 year after LVB (48).

A secondary outcome of quality of life reported in some 
studies is discontinuation of compression therapy. Because 
compression therapy is typically recommended as part of 
life-long non-surgical management of lymphedema, the 
ability to decrease or completely stop wearing compression 
garments is an outcome linked to improved quality of 
life. However, there are currently only a few studies 
which report this outcome, as many surgeons recommend 
postoperative continuation of compression therapy for a 
variety of reasons. Such reasons include controlling variables 
other than LVB in order to determine the efficacy of LVB 
alone. Of these studies, Winters et al. and Cornelissen et al. 
reported that 53% and 85% of their patients discontinued 
compression therapy after LVB, respectively (44,48).

Future directions

While it is generally accepted that LVB is effective in 
providing both quantitative and qualitative improvement 
in lymphedema, several topics remain controversial and 
require further study (49). 

Surgical techniques and tools

As previously mentioned in the Surgical Considerations 
section, there is great variability in LVB technique, 
including the number of anastomoses. Earlier studies 
including Koshima’s 2000 study reported better outcomes 
with higher number of anastomoses (15). However, later 
studies have shown similar efficacy of LVB regardless of 
number of anastomoses, including a review of 18 articles 
by Onoda et al. on LVB for upper and lower extremity 
lymphedema which concluded that the number of 
anastomoses did not correlate with effectiveness of LVB (50).  
However,  these  f indings  may be  confounded by 
lymphedema stage, lymphedema etiology, and surgeon 
experience. The location and configuration of anastomoses 
may also affect outcomes.

Recent studies have examined the use of nanofibrillar 
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collagen scaffolds in physiologic lymphedema surgery, 
as they have been shown to guide lymphangiogenesis in 
porcine models (51). BioBridge™ (Fibralign Corporation, 
Union City, California) is an implantable surgical mesh 
ribbon made of a thin membrane with aligned fibrils of 
purified type 1 porcine collagen (52). Pilot studies have 
shown improved edema reduction when BioBridge™ 
implantation is combined with LVB or VLNT (52,53), 
and more studies are currently ongoing. The use of other 
biomaterials or growth factors as adjuncts to surgery are 
potential areas of future investigation.

Current LVB techniques are dependent on imaging 
technology, as mentioned in the Historical Background 
section. ICG lymphography is currently used intra-
operatively to identify lymphatic channels as potential 
LVB targets but has several significant limitations. It can 
only visualize superficial lymphatic channels within 1.5 to 
2 cm of the skin surface, cannot detect lymphatic channels 
when there is dermal backflow, and also does not provide 
information about the surrounding vasculature (54).  
Other imaging modalities such as magnetic resonance 
lymphangiography (MRL) may be more sensitive at 
detecting the lymphatic system, which may help with pre-
operative planning (55,56). Visualization of the deeper 
lymphatic system with MRL may facilitate LVB within 
that system, or may highlight connections between the 
superficial and deep lymphatic systems which have been 
implicated in distal limb lymphedema such as the hand (57).  
Additionally, MRL provides other information such 
as the fibrofatty composition and vascular status of a 
lymphedematous limb.

Recently, the use of ultrasound is gaining popularity 
for imaging and aiding LVB. Ultrasound can be used 
pre-operatively or intra-operatively to identify potential 
lymphatic channels as well as nearby superficial venules. A 
comparative study evaluating the correlation between pre-
operative imaging findings to the actual lymphatic vessel 
used for LVB found that high frequency color doppler 
ultrasound (HFCDU) had significantly higher sensitivity 
compared to MRL and ICG lymphography (99% compared 
to 83.5% and 82.3%, respectively), as well as higher 
specificity and positive predictive value (58). This study 
also found that HFCDU provided the best detection of 
lymphatic vessels in more severe stages of lymphedema (58).  
Though this imaging modality is operator dependent 
with a steep learning curve, it represents exciting new 

developments to help facilitate and expand the use of LVB.

Combination surgeries

Another highly debated topic is if and how LVB should 
be combined with other lymphedema surgeries, both 
physiologic and debulking. The senior author advocates 
for performing VLNT and LVB together when possible, 
as these physiologic interventions work by different 
mechanisms. A recent study examining the physical and 
functional outcomes of simultaneous VLNT and LVB 
found significant improvement in both limb volume 
reduction and Lymphedema Life Impact Scale (LLIS) post-
operatively (59). Interestingly, there was an initial period of 
improvement which was attributed to LVB, then a “rebound 
period” 6 months to 1 year post-operatively, followed by 
gradual improvement which was attributed to VLNT (59).

Since physiologic surgeries do not address the fibrofatty 
deposition seen in advanced lymphedema, some authors 
have begun to study combining debulking and physiologic 
surgeries (60). However, the best patient selection and 
timing of surgeries is still unknown.

Expanding indications

LVB has traditionally been used for treatment of limb 
lymphedema. Preventative measures such as prophylactic 
LVB, also called lymphatic microsurgical preventive healing 
approach (LYMPHA), are currently being explored with 
early promising results (61). A more detailed review of 
LYMPHA is included in a separate article as part of this 
series on breast cancer related lymphedema.

LVB may also be useful in the treatment of truncal 
lymphedema. Scaglioni et al. published a case report 
and literature review of LVB to successfully treat breast 
lymphedema secondary to oncologic treatment (62).

Conclusions

LVB is a physiologic surgical option for lymphedema 
treatment. The creation of peripheral connections between 
the lymphatic and venous systems helps mechanically drain 
excess lymphatic fluid and physiologically decreases the 
inflammatory process involved in lymphedema progression. 
Clinical outcomes show quantitative and qualitative 
improvement after LVB. Many questions remain about the 
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future directions of LVB to continue optimizing outcomes.
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