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Introduction

• Lymphoedema is a condition of localized fluid retention 
and tissue swelling caused by impairment of the lymph 
transport capacity. Prevalence is 1.33 per 1000 in the 
UK 

• Secondary lymphoedema is an acquired condition that 
results from disruption or obstruction of the normal 
lymphatic system
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Introduction
• The most common cause of secondary lymphedema in Hong Kong is 

malignancy and their related treatment 

• Treatment included lymph node dissection is the major risk factor for 
secondary lymphedema, such as CA breast, CA ovary, CA bladder, 
CA penis and melanoma 

• Most common cause of secondary lymphedema of arm is following 
treatment for breast cancer, with incidence of 5-56% within 2 years 
after treatment in the US 

• For lower limb lymphoedema, most common cause would also be 
cancer related, around 28-47% patient noticed lymphoedema after 
treatment for gynecological malignancy

Barclay, L. (2010). Early physiotherapy may help prevent lymphodema after breast cancer., BMJ, 340:b5396
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IDENTIFICATION

4 BEST PRACTICE FOR THE MANAGEMENT OF LYMPHOEDEMA

Classification of lymphoedema
Lymphoedema is classified as primary or
secondary depending on aetiology23.
Primary lymphoedema is thought to be the
result of a congenital abnormality of the
lymph conducting system. Secondary or
acquired lymphoedema (Table 1) results
from damage to the lymphatic vessels
and/or lymph nodes, or from functional
deficiency. It may also be the result of high
output failure of the lymphatic circulation,
eg in chronic oedema due to venous
insufficiency or post-thrombotic syndrome,
when the function of the overloaded
lymphatic system eventually deteriorates.

REDUCING RISK
The diverse aetiology of lymphoedema
means that patients at risk of lymphoedema
will be encountered in a wide variety of
primary and secondary/tertiary care
settings, eg cancer services, vascular
surgery units, wound care/tissue viability
services, dermatology services, plastic
surgery units and services where patients
receive symptom management for
advanced cancer. To guarantee that patients
at risk are recognised and their risk of
lymphoedema is minimised, each setting
should ensure that staff are aware of the
potential risk factors for lymphoedema, the
appropriate actions to take and relevant
referral pathways (Figure 1). The setting
should also offer structured patient
education that follows an established
methodology24.

TABLE 1 Classification of causes of secondary lymphoedema, adapted from23

Classification Example(s)
Trauma and tissue damage ■ lymph node excision

■ radiotherapy 
■ burns 
■ varicose vein surgery/harvesting
■ large/circumferential wounds
■ scarring

Malignant disease ■ lymph node metastases
■ infiltrative carcinoma
■ lymphoma
■ pressure from large tumours

Venous disease ■ chronic venous insufficiency 
■ venous ulceration
■ post-thrombotic syndrome
■ intravenous drug use

Infection ■ cellulitis/erysipelas
■ lymphadenitis
■ tuberculosis
■ filariasis

Inflammation ■ rheumatoid arthritis
■ dermatitis
■ psoriasis
■ sarcoidosis
■ dermatosis with epidermal involvement

Endocrine disease ■ pretibial myxoedema 

Immobility and dependency ■ dependency oedema
■ paralysis 

Factitious ■ self harm

Lymphadenitis: inflammation of
the lymph nodes, which become
swollen, tender and painful

Best practice for the management of lymphoedema. International consensus. London: MEP Ltd, 2006
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Management

Clinical 
appearance of 
lymphedema 

+/- Stemmer sign 

confirmed with CT, MRI, 
lymphoscintingraphy or 

lymphangiography

Volume calculation by 
perometer or water 

displacement method

5 components of 
physiotherapy programme: 
1) Manual reduction 

massage 
2) Compression garments 
3) Physiotherapy 
4) Skin care 
5) Psychological support

Lymphovenous 
anastomosisBest practice for the management of 

lymphoedema. International consensus. London: 
MEP Ltd, 2006
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Diagnosis

• Swelling in extremities within 1 year after lymph 
node dissection, need to suspect lymphedema 

• With or without Kaposi-stemmer sign

National Breast and Ovarian Cancer Centre. 
Review of research evidence on secondary 
lymphoedema: Incidence, prevention, risk 
factors and treatment, NBOCC, Surry Hills, 
NSW, 2008 



255

treatments, including radiotherapy and surgery (eg,
radical lymph node dissection). Other causes include
trauma, recurrent bacterial infections, thyroid der-
mopathy, and chronic venous insufficiency.4-6,8

Elephantiasis verrucosa nostras is an exaggerated
form of secondary lymphedema, which has been
complicated by recurrent fungal and bacterial infec-
tions. These infections further damage the lymph-
atics and cause further progression along the
continuum, ultimately resulting in diffuse, hyper-
keratotic, nodular lesions. When advanced, the term
‘‘mossy foot’’ is used to describe the appearance of
the extremity.2,9

The prevalence of lower extremity lymphedema
is not currently known. Lymphedema is found in
both sexes, but women are evaluated more often
than men. It is found at any age. Two thirds of all
cases are unilateral, and the distal portion of the
extremity is always affected before the proximal
extremity.6

The epidemic of obesity in the United States in the
last decade has also caused a significant increase in
the number of cases of lymphedema in the morbidly
obese. Obesity can impede lymphatic flow and lead
to protein-rich fluid accumulation in the subcutane-
ous tissue.9

CLINICAL PRESENTATION
Initially, patients with lower extremity lymphe-

dema present with unilateral painless swelling that
starts on the dorsal aspect of the foot, with eventual
proximal involvement over the first year (Fig 2).
The foot often has a squared-off appearance. The
edema is initially a pitting edema, but over time
the subcutaneous tissue becomes fibrotic, resulting

in nonpitting brawny edema. The edema can then
spread circumferentially if treatment is not initiated.
Eventually, the involved skin becomes hyperkera-
totic, hyperpigmented, and papillomatous or ver-
rucous with increased skin turgor (Fig 3). The
Kaposi-Stemmer sign is a clinical sign indicative of
lymphedema, in which an examiner is unable to
pinch a fold of skin at the base of the second toe on
the dorsal aspect of the foot (Fig 4).2,4,5

Ultimately, the skin is at risk for breakdown and
subsequent infection. Recurrent infections such as
cellulitis, erysipelas, tinea pedis, and lymphangitis
can then ensue. This inflammation worsens swelling
and increases the complexity of the problem. In
areas of barrier dysfunction there is risk of lymph
fluid leakage, which further impairs healing. The
swelling associated with lymphedema results in a
sense of heaviness, discomfort, and impaired
mobility of the limb. Angiosarcoma may develop in
chronic lymphedematous limbs (Stewart-Treves syn-
drome), but is most commonly seen in the upper
extremity following mastectomy with nodal dissec-
tion.10,11 This is often referred to as lymphangiosar-
coma, which is actually a misnomer, since the tumor
is not derived from lymphatic vessels, but is rather
derived from vascular endothelial cells within
chronic lymphedema. Treatment is predominantly

Fig 2. Lower extremity lymphedema.

Fig 3. Skin changes associated with lymphedema.

Fig 4. Kaposi-Stemmer sign.
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Staging
ISL stage Features

0/Ia No oedema but presence of lymphatic impairment on imaging

I Mild oedema that will subside with limb elevation. May be pitting

II Moderate oedema that is not reversible with limb elevation. Pitting 
present unless in late stage II when more fibrosis occurs

III Lymphostatic elephantiasis with trophic skin changes such as 
acanthuses, deposition of fat and fibrosis, warty overgrowth
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Staging
Campisi 

stage Features

Ia No oedema but presence of lymphatic impairment on imaging; no 
difference in volume/consistency of edema between limbs

Ib Mild oedema that is reversible with limb elevation

II Persistent oedema that is partially reversible with limb elevation

III Persistent oedema that is continually becomes more severe; 
recurrent acute lymphangitis

IV Fibrotic lymphoedema with lymphostatic warts; column-shaped 
limbs

V Elephantiasis with severe limb deformation, scleroindurative 
pachydermatitis, widespread lymphostatic warts
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treatments, including radiotherapy and surgery (eg,
radical lymph node dissection). Other causes include
trauma, recurrent bacterial infections, thyroid der-
mopathy, and chronic venous insufficiency.4-6,8

Elephantiasis verrucosa nostras is an exaggerated
form of secondary lymphedema, which has been
complicated by recurrent fungal and bacterial infec-
tions. These infections further damage the lymph-
atics and cause further progression along the
continuum, ultimately resulting in diffuse, hyper-
keratotic, nodular lesions. When advanced, the term
‘‘mossy foot’’ is used to describe the appearance of
the extremity.2,9

The prevalence of lower extremity lymphedema
is not currently known. Lymphedema is found in
both sexes, but women are evaluated more often
than men. It is found at any age. Two thirds of all
cases are unilateral, and the distal portion of the
extremity is always affected before the proximal
extremity.6

The epidemic of obesity in the United States in the
last decade has also caused a significant increase in
the number of cases of lymphedema in the morbidly
obese. Obesity can impede lymphatic flow and lead
to protein-rich fluid accumulation in the subcutane-
ous tissue.9

CLINICAL PRESENTATION
Initially, patients with lower extremity lymphe-

dema present with unilateral painless swelling that
starts on the dorsal aspect of the foot, with eventual
proximal involvement over the first year (Fig 2).
The foot often has a squared-off appearance. The
edema is initially a pitting edema, but over time
the subcutaneous tissue becomes fibrotic, resulting

in nonpitting brawny edema. The edema can then
spread circumferentially if treatment is not initiated.
Eventually, the involved skin becomes hyperkera-
totic, hyperpigmented, and papillomatous or ver-
rucous with increased skin turgor (Fig 3). The
Kaposi-Stemmer sign is a clinical sign indicative of
lymphedema, in which an examiner is unable to
pinch a fold of skin at the base of the second toe on
the dorsal aspect of the foot (Fig 4).2,4,5

Ultimately, the skin is at risk for breakdown and
subsequent infection. Recurrent infections such as
cellulitis, erysipelas, tinea pedis, and lymphangitis
can then ensue. This inflammation worsens swelling
and increases the complexity of the problem. In
areas of barrier dysfunction there is risk of lymph
fluid leakage, which further impairs healing. The
swelling associated with lymphedema results in a
sense of heaviness, discomfort, and impaired
mobility of the limb. Angiosarcoma may develop in
chronic lymphedematous limbs (Stewart-Treves syn-
drome), but is most commonly seen in the upper
extremity following mastectomy with nodal dissec-
tion.10,11 This is often referred to as lymphangiosar-
coma, which is actually a misnomer, since the tumor
is not derived from lymphatic vessels, but is rather
derived from vascular endothelial cells within
chronic lymphedema. Treatment is predominantly

Fig 2. Lower extremity lymphedema.

Fig 3. Skin changes associated with lymphedema.

Fig 4. Kaposi-Stemmer sign.
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Lymphoedema elephantiasis
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Diagnosis
• CT or MRI for volume measurement 

• Radioisotope lymphoscantingraphy or ICG 
lymphangiography to confirm and show the site of lymph 
obstruction 

• Doppler USG to rule out deep vein thrombosis which is 
unfavorable for anastomosis. Also as a guide for 
choosing the site for anastomosis



255

Diagnosis

Radioactive isotope lymphoscintingraphy
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Methods
An ICG fluorescent lymphangiography 
system (Photodynamic Eye; Hamamatsu 
Photonics, Japan) was used in this study. 
The device is composed of a camera 
unit, which includes a black and white 
charge-coupled device camera for 
recording video images, near-infrared 
emitting diodes, and a controller unit 
that operates the camera (Figure 1). 

A laptop computer (Latitude E6400; 
Dell, USA) was used for monitoring 
video images and recording them in 
digital format. The charge-coupled device 
camera has a fixed focus ranging from 
15–25 cm, which allows investigation of 
a 10 x 10 cm2 field with one image. The 
system can detect anatomical structures 
by detecting near-infrared radiation in the 
tissue at a depth of about 10 mm from 
the skin surface. 

Lymphography of healthy volunteers
Lymphatic anatomy in the upper 
extremity was investigated using 
ICG fluorescent lymphography in 
three healthy volunteers who had no 
medical history of vascular disease or 

lymphoedema. Some 0.01–0.02 mL of 
ICG (0.025–0.05 mg) was injected into 
each finger web intradermally. After the 
injection, the volunteers clasped and 
unclasped their hands several times. The 
arm was scanned and the lymphatic 
pathways were marked on the skin with 
a skin marker.

Lymphography of breast cancer patients with 
lymphoedema
From March 2010–March 2012, the 
authors, using a clinical protocol approved 
by the institutional review board of 
the University of Texas MD Anderson 
Cancer Center, Houston, undertook 
ICG fluorescent lymphography in 34 
patients with breast cancer-related 
unilateral lymphoedema. Patients were 
under general anaesthesia and the ICG 
lymphography was performed prior to 
a lymphaticovenular shunt operation in 
order to detect locations of the collecting 
lymphatic vessels. 

ICG was injected intradermally into 
each finger web, as well as at two or 
three locations at the volar side of 
wrist. The arm was massaged manually 

to facilitate uptake into the lymphatics. 
Identified lymphatic pathways were 
marked on the skin. 

Results
In the healthy volunteers, the 
fluorescent markers in the lymphatic 
vessels emerged at the dorsal hand 
as a shiny linear pattern and ran 
longitudinally towards the proximal arm 
a few minutes post-injection (Figure 2). 
They ascended in the posterior forearm 
and then gradually changed direction 
towards the medial side of the upper 
arm, en route to the axilla. Each 
lymphatic vessel was independent, 
and there were few interconnections 
between them. The flow was facilitated 
by spontaneous muscle movement and 
squeezing the vessel from the outside. 

In lymphoedema patients, the mean 
age was 54.5 ± 8.5 years; mean BMI 
29.3±5.6 kg/m2; and mean per cent 
volume increase 29.3 ± 20.9. The 
lymphatic vessels could be identified at 
the dorsal hand. However, appearances 
of the lymphatic structure varied in 
each patient. 

Some patients showed a clear, linear 
pattern similar to the healthy volunteers 
showed only one or two blurred linear 
lines (Figure 3). In the latter cases, 
a patchy reticular honeycomb-like 
structure appeared after 10–15 minutes. 
The vessels included in this patch were 
sharper and smaller than the lymphatic 
vessels demonstrated in the healthy 
volunteers. This suggested that these 
vessels were located in more superficial 
layers and they were considered 
lymphatic capillaries in the dermal layer. 

This reticular structure could be seen 
in the forearm and upper arm, but the 
size of the area was different in each 
lymphoedema patient. Skin incisions of 
2 cm were made at sites where linear 
patterns were marked, and prominent 
and patent lymphatic vessels were 
found. Surgical findings and image data 
correlated with high accuracy.

Discussion
Hudack and McMaster (1933) reported 
the first attempt to identify the lymphatic 

Figure 1. (Left) Intraoperative scene showing the use of incocyanine green (ICG) fluorescent 
lymphography. (right) The ICG fluorescent lymphography system with a laptop computer. 

Figure 2. Incocyanine green fluorescent lymphography images (black and white, montage from 
video images) of the healthy upper limb, with photos of the limb (colour). 
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system (Photodynamic Eye; Hamamatsu 
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as a shiny linear pattern and ran 
longitudinally towards the proximal arm 
a few minutes post-injection (Figure 2). 
They ascended in the posterior forearm 
and then gradually changed direction 
towards the medial side of the upper 
arm, en route to the axilla. Each 
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and there were few interconnections 
between them. The flow was facilitated 
by spontaneous muscle movement and 
squeezing the vessel from the outside. 

In lymphoedema patients, the mean 
age was 54.5 ± 8.5 years; mean BMI 
29.3±5.6 kg/m2; and mean per cent 
volume increase 29.3 ± 20.9. The 
lymphatic vessels could be identified at 
the dorsal hand. However, appearances 
of the lymphatic structure varied in 
each patient. 

Some patients showed a clear, linear 
pattern similar to the healthy volunteers 
showed only one or two blurred linear 
lines (Figure 3). In the latter cases, 
a patchy reticular honeycomb-like 
structure appeared after 10–15 minutes. 
The vessels included in this patch were 
sharper and smaller than the lymphatic 
vessels demonstrated in the healthy 
volunteers. This suggested that these 
vessels were located in more superficial 
layers and they were considered 
lymphatic capillaries in the dermal layer. 

This reticular structure could be seen 
in the forearm and upper arm, but the 
size of the area was different in each 
lymphoedema patient. Skin incisions of 
2 cm were made at sites where linear 
patterns were marked, and prominent 
and patent lymphatic vessels were 
found. Surgical findings and image data 
correlated with high accuracy.

Discussion
Hudack and McMaster (1933) reported 
the first attempt to identify the lymphatic 

Figure 1. (Left) Intraoperative scene showing the use of incocyanine green (ICG) fluorescent 
lymphography. (right) The ICG fluorescent lymphography system with a laptop computer. 

Figure 2. Incocyanine green fluorescent lymphography images (black and white, montage from 
video images) of the healthy upper limb, with photos of the limb (colour). 
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system in a living human. They injected dye 
into the skin in their forearms to visualise 
the lymph capillary. 

Kinmonth (1952) used the same 
dye and injected it into patients to 
identify the collecting lymphatic vessel 
in the dorsal side of the hand and foot. 
Kinmonth was not only able to identify 
the collecting lymphatic vessel, but also 
cannulated under a microscope, and 
injected radiocontrast media directly into 
the lymphatic vessel. This radiographic 
examination is called lymphography or 
lymphangiography. This work lead to 
a better understanding of lymphatic 
pathways. However, lymphangiography 
is gradually being phased out of clinical 
practice because of cumbersome 
procedures, lengthy examination time 
with slow radiocontrast injection, and the 
possibility of causing pulmonary embolism. 

Lymphoscintigraphy is more 
straightforward than lymphangiogram, but 
is mainly used for detecting lymph nodes 
rather than lymphatic vessels.    

The authors’ initial aim of using ICG 
fluorescent lymphography was to identify 
the locations of the lymphatic vessel for 

lymphovenous shunt allowing skin incisions 
can be made precisely over the collecting 
lymphatic vessels. This method for the 
prompt identification of the functional 
lymphatic vessels also has the potential 
to significantly improve the outcomes of 
lymphovenous shunt operations.
        

The authors demonstrated the 
differences in the anatomy of the 
lymphatic system between healthy upper 
limbs and lymphoedematous limbs. 
Reticular structures were only observed in 
the lymphoedematous limbs. 

These findings are similar to the 
‘dermal backflow’ sign observed in 
lymphangiography and lymphoscintigraphy 
(El-Kharadly and Enein, 1965; Feldman 
et al, 1966; Sty et al, 1979). This sign 
has also been investigated anatomically 
using human cadaver specimens and 
amputated limbs (Crockett, 1965; Suami 
et al, 2007a; 2007b). These studies 
showed that dermal backflow is caused 
by incompetent valves in precollectors 
following obstruction of the superficial 
collecting lymphatic vessels (Figure 4).

ICG fluorescent lymphography can 
be performed without any special 

preparation or radiation. Thus, this 
system may become a standard tool for 
functionally assessing lymphoedema and 
could also help establish a new algorithm 
for lymphoedema treatment. 

Yamamoto et al (2011) investigated 
lymphatic architectural changes in 
asymptomatic lower extremities of 
patients who underwent gynecological 
and urological cancer treatment using the 
ICG lymphography. They could detect 
dermal backflow sign in asymptomatic 
limbs and concluded that this would be 
an early sign of lymphoedema in latent 
phase. 

Recently, sentinel node biopsy using 
ICG fluorescent lymphography has been 
reported in breast and skin cancers 
(Kitai et al, 2005; Murawa et al, 2007; 
Tsujino et al, 2009). Another feasible 
application would be in individuals with 
skin cancer involving the scalp, because 
lymphatic maps of the scalp are highly 
variable and the collecting lymphatic 
vessels run superficially (Uren et al, 
1999; Pan et al, 2008). Also, the ICG 
fluorescent lymphography may be used 
during axillary dissection to preserve arm 
lymphatic pathways such as the reverse 

Figure 3. Incocyanine green (ICG) fluorescent lymphography image of the dorsal (left) and volar (centre) sides of a lymphoedema limb; injection sites of ICG 
and identified collecting lymphatic vessels. (Right) Preoperative view of the patient. Ink marks indicate the positions of the collecting lymphatic vessels found 
during the surgery.
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Fig. 1. M. D. Anderson lymphedema classification based on indocyanine green lymphangiographic find-
ings. (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.

Fig. 2. Indocyanine green lymphangiography is performed by intradermally injecting 0.01 to 0.02 ml of indocyanine green 
into each finger/toe web of the lymphedematous limb. A Hamamatsu Photodynamic Eye is used to visualize and mark the 
visible lymphatic pathways.

ICG lymphangiography
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Management
• First line treatment for lymphedema is physiotherapy 

program, which involved 2-8 weeks of manual lymph 
drainage and compression bandage therapy, also skin care 
and supervised limb exercise 

• The limb volume reductions for physiotherapy program was 
in the range of 8-66% over 6-12 months 

• However, physiotherapy requires lengthy exercise. Life-long 
compression is required to give maintenance. Compliance 
is the main problem, especially in hot climate in Hong Kong

Mondry TE, Riffenburgh RH, Johnstone PAS. 
Prospective trial of com- plete decongestive therapy 
for upper extremity lymphedema after breast cancer 
therapy. Cancer J 2004;10:42-48. 
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Lymphovenous anastomosis 
(LVA)

• It was first described for the treatment of lymphedema by 
Dr. Nielubowiez and Olszewski in 1968. 

• It involved surgical anastomosis between lymph vessels 
with surrounding subdermal venules. 

• It was advocated again by Dr. Campisi in 2004, with the 
use of microscope and lymphoscintingraphy. More 
successful results in later studies after the use of ICG 
lymphogram.
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Microsurgical Techniques for Lymphedema Treatment: Derivative
Lymphatic-venous Microsurgery
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Abstract. We analyzed clinicopathologic and imaging features of chronic
peripheral lymphedema to identify imaging findings indicative of its exact
etiopathogenesis and to establish the optimal treatment strategy. One of
the main problems of microsurgery for lymphedema is the discrepancy be-
tween the excellent technical possibilities and the subsequently insufficient
reduction of the lymphedematous tissue fibrosis and sclerosis. Appropriate
treatment based on pathologic studies and surgical outcome have not been
adequately documented. Over the past 25 years, 676 patients with periph-
eral lymphedema have been treated with microsurgical lymphatic-venous
anastomoses. Of these patients, 447 (66%) were available for long-term
follow-up study. Objective assessment was undertaken by water volumetry
and lymphoscintigraphy. Objectively, volume changes showed a significant
improvement in 561 patients (83%), with an average reduction of 67% of the
excess volume. Of the 447 patients followed, 380 (85%) have been able to
discontinue the use of conservative measures, with an average follow-up of
more than 7 years and average reduction in excess volume of 69%. There
was an 87% reduction in the incidence of cellulitis after microsurgery. Mi-
crosurgical lymphatic-venous anastomoses have a place in the treatment of
peripheral lymphedema and should be the therapy of choice in patients
who are not sufficiently responsive to nonsurgical treatment. Improved re-
sults can be expected with operations performed early, during the first
stages of lymphedema.

Among peripheral lymphatic disorders, lymphedema represents
pathology with a relatively significant worldwide incidence [1]. The
problems with microsurgery for lymphedema include the discrep-
ancy between the excellent technical possibilities, especially micro-
surgical lymphovenous shunts, and the subsequently insufficient
reduction of the lymphedematous tissue fibrosis. We analyzed clin-
icopathologic and imaging features to identify imaging and patho-
logic findings indicative of the exact etiopathogenesis of lymph-
edema and the factors that might point us to the optimal treatment
strategy for it.

Patients and Methods

Over the past 25 years, 676 patients with peripheral lymphedema
underwent microsurgical lymphatic-venous anastomoses. There

were 399 females and 266 males whose ages ranged from 2 to 67
years (mean 37 years). The median duration of symptoms was 48
months. Most patients had undergone nonoperative [2–4] treat-
ment for the lymphedema before being referred for microsurgery.
There were 239 cases of arm lymphedema, 38 of which were pri-
mary and 201 secondary. Leg lymphedema was seen in 437 cases,
232 cases of which were primary and 205 secondary.

Primary lymphedema comprises mainly lymph nodal dysplasia
(LAD II, according to Papendieck’s classification [5]). Secondary
lymphedema was attributable to lymphadenectomy, and radio-
therapy was performed for the treatment of carcinomas, mainly of
the breast, uterus, penis, and rectum, as well as seminoma of the
epididymus. Most of the lymphedema cases treated by microsur-
gery were at stage II (39%) or stage III (52%); another 3% of these
patients were operated on at stage Ib and 6% at stages IV and V,
according to our clinical lymphedema staging [6] (Tables 1, 2).

Preoperatively, these patients underwent lymphoscintigraphy,
echo-Doppler examination, and conventional oil contrast lymph-
angiography, which were used only in patients with gravitational
reflux pathology to define the extent of the pathology and sites of
lymphatic and chylous leakage [7, 8]. Lymphoscintigraphy [9, 10]
was performed in all patients to study the superficial and deep lym-
phatic circulation of both limbs (upper or lower) to determine the
indication for the proper microsurgical technique.

The echo-Doppler examination was used in all patients to detect
venous disorders that might have been associated with the lymph-
edema. Venous dysfunction can be corrected at the time of a mi-
crolymphatic-venous anastomosis (valvuloplasty). In cases where a
derivative lymphovenous shunt is contraindicated, the patient can
be referred for a reconstructive microsurgical operation [11, 12].
Objective assessment was undertaken by water volumetry. Lym-
phoscintigraphy was performed both preoperatively and postop-
eratively.

We have described the technique of derivative multiple lym-
phatic-venous microanastomoses elsewhere [13, 14]. Briefly, anas-
tomoses were performed both end-to-end and end-to-side. The
end-to-end procedure was carried out by means of a telescopic
method with a single U-shaped stitch, anastomosing lymphatic col-
lectors to a continent venous secondary branch. End-to-side lym-
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Abstract. We analyzed clinicopathologic and imaging features of chronic
peripheral lymphedema to identify imaging findings indicative of its exact
etiopathogenesis and to establish the optimal treatment strategy. One of
the main problems of microsurgery for lymphedema is the discrepancy be-
tween the excellent technical possibilities and the subsequently insufficient
reduction of the lymphedematous tissue fibrosis and sclerosis. Appropriate
treatment based on pathologic studies and surgical outcome have not been
adequately documented. Over the past 25 years, 676 patients with periph-
eral lymphedema have been treated with microsurgical lymphatic-venous
anastomoses. Of these patients, 447 (66%) were available for long-term
follow-up study. Objective assessment was undertaken by water volumetry
and lymphoscintigraphy. Objectively, volume changes showed a significant
improvement in 561 patients (83%), with an average reduction of 67% of the
excess volume. Of the 447 patients followed, 380 (85%) have been able to
discontinue the use of conservative measures, with an average follow-up of
more than 7 years and average reduction in excess volume of 69%. There
was an 87% reduction in the incidence of cellulitis after microsurgery. Mi-
crosurgical lymphatic-venous anastomoses have a place in the treatment of
peripheral lymphedema and should be the therapy of choice in patients
who are not sufficiently responsive to nonsurgical treatment. Improved re-
sults can be expected with operations performed early, during the first
stages of lymphedema.

Among peripheral lymphatic disorders, lymphedema represents
pathology with a relatively significant worldwide incidence [1]. The
problems with microsurgery for lymphedema include the discrep-
ancy between the excellent technical possibilities, especially micro-
surgical lymphovenous shunts, and the subsequently insufficient
reduction of the lymphedematous tissue fibrosis. We analyzed clin-
icopathologic and imaging features to identify imaging and patho-
logic findings indicative of the exact etiopathogenesis of lymph-
edema and the factors that might point us to the optimal treatment
strategy for it.

Patients and Methods

Over the past 25 years, 676 patients with peripheral lymphedema
underwent microsurgical lymphatic-venous anastomoses. There

were 399 females and 266 males whose ages ranged from 2 to 67
years (mean 37 years). The median duration of symptoms was 48
months. Most patients had undergone nonoperative [2–4] treat-
ment for the lymphedema before being referred for microsurgery.
There were 239 cases of arm lymphedema, 38 of which were pri-
mary and 201 secondary. Leg lymphedema was seen in 437 cases,
232 cases of which were primary and 205 secondary.

Primary lymphedema comprises mainly lymph nodal dysplasia
(LAD II, according to Papendieck’s classification [5]). Secondary
lymphedema was attributable to lymphadenectomy, and radio-
therapy was performed for the treatment of carcinomas, mainly of
the breast, uterus, penis, and rectum, as well as seminoma of the
epididymus. Most of the lymphedema cases treated by microsur-
gery were at stage II (39%) or stage III (52%); another 3% of these
patients were operated on at stage Ib and 6% at stages IV and V,
according to our clinical lymphedema staging [6] (Tables 1, 2).

Preoperatively, these patients underwent lymphoscintigraphy,
echo-Doppler examination, and conventional oil contrast lymph-
angiography, which were used only in patients with gravitational
reflux pathology to define the extent of the pathology and sites of
lymphatic and chylous leakage [7, 8]. Lymphoscintigraphy [9, 10]
was performed in all patients to study the superficial and deep lym-
phatic circulation of both limbs (upper or lower) to determine the
indication for the proper microsurgical technique.

The echo-Doppler examination was used in all patients to detect
venous disorders that might have been associated with the lymph-
edema. Venous dysfunction can be corrected at the time of a mi-
crolymphatic-venous anastomosis (valvuloplasty). In cases where a
derivative lymphovenous shunt is contraindicated, the patient can
be referred for a reconstructive microsurgical operation [11, 12].
Objective assessment was undertaken by water volumetry. Lym-
phoscintigraphy was performed both preoperatively and postop-
eratively.

We have described the technique of derivative multiple lym-
phatic-venous microanastomoses elsewhere [13, 14]. Briefly, anas-
tomoses were performed both end-to-end and end-to-side. The
end-to-end procedure was carried out by means of a telescopic
method with a single U-shaped stitch, anastomosing lymphatic col-
lectors to a continent venous secondary branch. End-to-side lym-
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• Indications: 

• suboptimal results from physiotherapy treatment 

• Recurrent cellulitis or erysipelas in the affected limb 

• proximal lymphatic obstruction with patent distal 
lymphatics
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Fig. 1. M. D. Anderson lymphedema classification based on indocyanine green lymphangiographic find-
ings. (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.

Fig. 2. Indocyanine green lymphangiography is performed by intradermally injecting 0.01 to 0.02 ml of indocyanine green 
into each finger/toe web of the lymphedematous limb. A Hamamatsu Photodynamic Eye is used to visualize and mark the 
visible lymphatic pathways.

Lymphovenous anastomosis
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formed, at a mean ! standard deviation of 4 ! 1.6 proce-
dures per limb. In 10 of these patients, 13 LVAs were
performed in an end-to-end manner because of difficulties
applying LVSEA.

Of the 107 patients, 85 had lymphedema of the lower
extremity and the remaining 22 had lymphedema of the
upper extremity. Among the 85 patients with lymphedema
of the lower extremity, 57 (52 women, 5 men), who were a
mean age of 55 ! 15 years (range, 13-80 years), consented
to postoperative fluorescence lymphography using ICG.

All patients underwent LVSEA. The total number of
anastomoses in this series was 223. The 57 patients com-
prised 51 with secondary lymphedema after treatment for
cancer and 16 with primary lymphedema. Clinical stage for
the 57 patients, as proposed by the International Society of
Lymphology,13 was stage I in 2, stage II in 17, late stage II
in 29, and stage III in 9.

All patients underwent complex decongestive physio-
therapy (CDP) for 3 to 12 months preoperatively, and
reduction of the affected limb was obtained in most pa-
tients. However, reductions were insufficient in some pa-
tients who had undergone CDP at other facilities for a long
time. Postoperative CDP with the same contents as preop-
erative CDP was started 10 to 14 days after surgery and was
performed for !6 months. Postoperative CDP lasted or
decreased according to physiologic changes and complaints
of the patients thereafter.

Before and at "6 months after surgery, circumferential
measurements of the affected limbs were performed at the
following sites: 10 cm above the proximal margin of the
patella, 10 cm beneath the distal margin of the patella, and

at the level of the lateral and medial malleoli of the ankle.
Approximate volumes of the affected limbs were calculated
using those measurements. Volume reductions were com-
pared between patients with and without midterm postop-
erative patency of anastomoses at the foot and around the
ankle.

We performed lymphoscintigraphy before surgery to
select candidates for LVSEA.14 Patients with obvious ob-
struction of the lymphatic pathway with no regional lymph
nodes or showing stasis of contrast medium with decrease
of regional lymph nodes on lymphoscintigraphy were indi-
cated for surgery. The operation was planned after comple-
tion of CDP for acute reduction of the affected limbs. At
the beginning of surgery, a small amount of ICG ("0.1 mL
each injection) for fluorescence lymphography was injected
at four interdigital spaces in the affected limb and 5% patent
blue dye ("0.1 mL each injection) was then injected intra-
dermally at the same sites for detection of functional lym-
phatic vessels. ICG near-infrared fluorescent lymphography
was then performed using the Photo Dynamic Eye. At !6
months after surgery, ICG fluorescence lymphography was
repeated in consenting patients to determine patency of the
anastomoses.

Operative technique. LVSEA was performed by one
of the authors (M.J.) with the patient under general anes-
thesia because multiple anastomoses were required at a
time. After injection of the two contrast agents, sites of
anastomosis were determined between the dorsum of the
foot to the thigh according to lymph stream or stasis
observed by ICG fluorescence lymphography. If several
lymphatic vessels were suitable for anastomoses, the one

Fig 1. Operative photographs (upper row) and illustrations (lower row) show the lymphaticovenous side-to-end
anastomosis technique. A, The side wall of the lymphatic vessel (L) is incised with a microknife. V, Subcutaneous vein.
B, A nylon suture-stent (!) is inserted into the lumen of the lymphatic vessel and a stitch is inserted at the edge. C,
Another nylon suture-stent is inserted and stitches are inserted from edge-to-edge. D, After completion of the
anastomosis, stents are removed through the anastomosis.
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of regional lymph nodes on lymphoscintigraphy were indi-
cated for surgery. The operation was planned after comple-
tion of CDP for acute reduction of the affected limbs. At
the beginning of surgery, a small amount of ICG ("0.1 mL
each injection) for fluorescence lymphography was injected
at four interdigital spaces in the affected limb and 5% patent
blue dye ("0.1 mL each injection) was then injected intra-
dermally at the same sites for detection of functional lym-
phatic vessels. ICG near-infrared fluorescent lymphography
was then performed using the Photo Dynamic Eye. At !6
months after surgery, ICG fluorescence lymphography was
repeated in consenting patients to determine patency of the
anastomoses.

Operative technique. LVSEA was performed by one
of the authors (M.J.) with the patient under general anes-
thesia because multiple anastomoses were required at a
time. After injection of the two contrast agents, sites of
anastomosis were determined between the dorsum of the
foot to the thigh according to lymph stream or stasis
observed by ICG fluorescence lymphography. If several
lymphatic vessels were suitable for anastomoses, the one

Fig 1. Operative photographs (upper row) and illustrations (lower row) show the lymphaticovenous side-to-end
anastomosis technique. A, The side wall of the lymphatic vessel (L) is incised with a microknife. V, Subcutaneous vein.
B, A nylon suture-stent (!) is inserted into the lumen of the lymphatic vessel and a stitch is inserted at the edge. C,
Another nylon suture-stent is inserted and stitches are inserted from edge-to-edge. D, After completion of the
anastomosis, stents are removed through the anastomosis.
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Of the 107 patients, 85 had lymphedema of the lower
extremity and the remaining 22 had lymphedema of the
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mean age of 55 ! 15 years (range, 13-80 years), consented
to postoperative fluorescence lymphography using ICG.
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was then performed using the Photo Dynamic Eye. At !6
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thesia because multiple anastomoses were required at a
time. After injection of the two contrast agents, sites of
anastomosis were determined between the dorsum of the
foot to the thigh according to lymph stream or stasis
observed by ICG fluorescence lymphography. If several
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nodes or showing stasis of contrast medium with decrease
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cated for surgery. The operation was planned after comple-
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at four interdigital spaces in the affected limb and 5% patent
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phatic vessels. ICG near-infrared fluorescent lymphography
was then performed using the Photo Dynamic Eye. At !6
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repeated in consenting patients to determine patency of the
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Operative technique. LVSEA was performed by one
of the authors (M.J.) with the patient under general anes-
thesia because multiple anastomoses were required at a
time. After injection of the two contrast agents, sites of
anastomosis were determined between the dorsum of the
foot to the thigh according to lymph stream or stasis
observed by ICG fluorescence lymphography. If several
lymphatic vessels were suitable for anastomoses, the one

Fig 1. Operative photographs (upper row) and illustrations (lower row) show the lymphaticovenous side-to-end
anastomosis technique. A, The side wall of the lymphatic vessel (L) is incised with a microknife. V, Subcutaneous vein.
B, A nylon suture-stent (!) is inserted into the lumen of the lymphatic vessel and a stitch is inserted at the edge. C,
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sites based on the indocyanine green lymphan-
giographic mapping. The subdermal region was 
dissected to identify lymphatic vessels. Lymphatic 
vessels appeared either blue with Lymphazurin 
dye or clear if no dye was taken up. Once we iden-
tified a viable lymphatic vessel, we anastomosed 
it to a similarly sized adjacent recipient venule to 
create the bypass. End-to-end anastomoses were 
performed unless the recipient vein was substan-
tially larger than the lymphatic vessel, in which 
case end-to-side anastomoses were performed. We 
used superfine microsurgical instruments (S&T 

and for creating end-to-end or end-to-side anas-
tomoses with 11-0 nylon sutures with 50-μm nee-
dles. We confirmed the patency of the bypasses 
by observing the isosulfan blue dye pass from the 
lymphatic vessel through the anastomosis and 
into the venule (Fig. 3).

Following surgery, the affected limb was 
wrapped loosely with compression bandages and 
elevated on a pillow, and the patient was given 
prophylactic intravenous antibiotics. All patients 
were discharged within 24 hours. Patients were 
encouraged to continue previous compression 
therapy and wear compression garments begin-
ning 4 weeks after surgery.

Statistical Analysis
Means and standard deviations were used to 

summarize continuous variables. Frequencies 
and proportions were used to summarize categor-
ical variables. We used the Pearson chi-square test 
and Fisher’s exact test to compare the percentages 

of quantitative improvement between different 
groups of patients. A two-sample t test was used 
to compare the bypass numbers, lymphedema 
durations, and volume differential reductions 
between patients with early- or late-stage lymph-
edema, and a paired t test was applied to assess 
the changes of volume over time. All tests were 
two-sided. Values of p < 0.05 were considered sig-
nificant. The analyses were performed using the 
SAS 9.2 statistical software program (SAS Insti-

RESULTS
Lymphovenous bypass was performed in 89 

upper extremities (46 left and 43 right) and 11 
lower extremities (six left and five right). All upper 
extremity lymphedemas were secondary to breast 
cancer treatment, and the lower leg extremities 
were caused by treatment of sarcoma (n = 3), mel-
anoma (n = 2), or gynecologic cancer (n = 6).

Upper Extremity
The mean age of the patients was 54 years. 

The mean lymphedema duration was 3.5 years 
(range, 1 to 10 years). The mean body mass index 
was 30 (range, 20 to 51). The mean preoperative 
volume differential for patients’ lymphedematous 
arms compared with their unaffected arms was 32 
percent (range, 1 to 112 percent). Patients’ mean 
follow-up time was 30.4 months (range, 3 to 84 
months). The diameter of the lymphatic vessels 
used for bypass ranged from 0.2 to 1.0 mm. The 
mean operative time was 4 hours (range, 3 to 5 
hours). The mean preoperative volume differen-
tial between the lymphedematous limb and unaf-
fected limb was 32 percent.

Symptom improvement was reported by 96 
percent of patients. These patients reported that 
their lymphedematous arms felt lighter, softer, 

all patients with symptom improvement demon-
strated measurable differences in arm volume. 
Quantitative improvement based on postoperative 
volume measurements was noted in 74 percent 
of the patients. The overall mean volume differ-
ential reductions of the lymphedematous limbs 
of the patients who underwent lymphovenous 
bypass were 33 percent at 3 months, 36 percent at 
6 months, and 42 percent at 12 months (Fig. 4).

Patients who underwent lymphovenous bypass 
with indocyanine green lymphangiography who 
were followed for at least 1 year were further ana-
lyzed based on their indocyanine green lymphan-
giographic classifications of lymphedema severity. 

Fig. 3. The patency of the bypasses is confirmed by observing 
the isosulfan blue dye pass from the lymphatic vessel through 
the anastomosis and into the venule.
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months after LVA and that two remained patent at 8
months. In contrast, Puckett et al17 reported that all LVAs
were occluded !3 weeks after surgery and confirmed this
by re-exposure of the wound. However, al Assal et al18

showed long patency of a new technique of microlym-
phovenous anastomosis in dogs.

In clinical studies, Campisi et al8 reported various
changes in lymphoscintigraphy images after LVA, provid-
ing indirect proof of postoperative patency. In a study of
grafting of lymph vessels, Baumeister et al9 showed patency
using lymphoscintigraphy, but that method differed phys-
iologically from LVA. Anastomoses between lymphatics
and veins may become obstructed more often than those
between lymphatics.

Until recently, no reliable method has been available to
determine the patency of LVAs.8 However, ICG fluorescence
lymphography evaluated using a Photo Dynamic Eye camera
has recently been introduced, and this equipment has been
used for detection of lymphatic vessels through the skin.10,11

The present study used ICG fluorescence lymphography
to determine the competency of LVSEAs. However, because

of optical limitations (the Photo Dynamic Eye camera can
detect ICG no deeper than 1 cm below the skin), the areas we
could evaluate were confined to the foot, ankle, and lower leg
of the affected limb. In addition, the reproducibility of ICG
fluorescence lymphography needs to be validated regarding
the visualization of lymphatic vessels during surgery and post-
operatively. Kinetics of the lymph vessels during surgery ap-
pear to differ from those at "6 months after surgery. In the
future, we anticipate improvements in equipment for evaluat-
ing dynamic lymph flow.

Despite these limitations, this appears to represent
the first clinical report of midterm postoperative patency
for LVA in patients with peripheral lymphedema assessed
by ICG fluorescence lymphography. Cumulative patency
rates of LVSEA were 75% at 12 months and 36% at 24
months after anastomoses, meaning that patients with
anastomoses show a possibility of deterioration in
lymphedema in the future. Furthermore, periodic exam-
inations may be necessary to clarify whether additional
operations are needed for patients who have received a
lymphaticovenous shunt.

Fig 5. A 64-year-old patient with secondary lymphedema of the left lower extremity. A, Five lymphaticovenous
side-to-end anastomoses were performed from the foot to the thigh on the affected limb. B, Enlargement of the
anastomosis at the ankle. C, A radial pattern is seen in the indocyanine green fluorescence lymphographic imaging. The
star indicates the site of anastomosis at the ankle, and the triangles indicate the lymphatic vessels. B and C, The white
arrows indicate subcutaneous veins that resemble a tree with several branches.

JOURNAL OF VASCULAR SURGERY
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Author, Year Number of 
patients Lymphedema Stage Lymphoedema site follow up (Months)

% volume or 
circumference 

reduction

Refractory to 
physiotherapy before 

op?

Koshima et al (2004) 52 Campisi stage I-IV Lower Limb 15 42% in Stage III/IV only Yes

Matsubara et al (2006) 9 ISL stage II Lower Limb 21-87 6 with >5cm loss, 2 with 
2cm loss, 3 no effect Yes

Damstra et al (2009) 10 ISL stage III Upper Limb 12 2 Yes

Demirtas et al (2009) 42 N/A Upper Limb 11.8 59.3 N/A

Narushima et al (2010) 14
ISL Stage I: 11 

Stage II: 34 
Stage III: 3

Upper Limb (n=2), Lower limb 
(n=12) 8.9 11.3 Yes

Maegawa et al (2010) 111 Radiological staging Lower Limb N/A Average 872ml N/A

Campisi et al (2010) 1800
Campisi Stage II: 39% 

Stage III 52% 
Others 8%

Upper and Lower Limb 10 years 56 Yes

Chang D. (2010) 20 Campisi stage II and III Upper Limb 18 35 No

Maegawa et al(2012) 107
ISL Stage I: 2 
Stage II: 17 

Late Stage II: 29 
III: 9 

Upper and Lower Limb 24 420-600ml Yes

Maegawa et al (2012) 31
ISL Stage I: 1 

Stage II: 3 
late Stage II: 21 

Stage III: 6

Upper and Lower Limb 26 Average 100ml Physiotherapy showed 
effect before operation

Auba et al (2012) 12 N/A Upper and Lower Limb 18
Not reported, but 80% 

had improvement in 
limb parameter

N/A

Yamamoto  et al(2013) 14 N/A Lower Limb 6
Not reported, but 

decrease in 
lymphedema indice

Yes

Chang et al (2013) 65 Campisi Stage I-IV Upper and Lower Limb 12 74% in upper limb, 54% 
in lower limb Yes

Boccardo et al (2013) 41 Campisi stage Ib-III Lower Limb 7 years Average 80% N/A
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LVA -advantages
• Multiple studies suggested that post op physiotherapy 

program was required in order to maintain volume 
reduction.  

• However, there were case reports (Maegawa et al, 2012) 
showing that duration of manual massage therapy and 
magnitude of stock compression were reduced after the 
operation. Some  can even wear compression stockings 
at night only

Preop Postop

Manual massage 
therapy 60 hours/month 3 hours/month

Degree of 
compression 30-40mmHg 20-30mmHg
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LVA - advantages
• Risk of cellulitis was also reduced after operation. 

In study by Gloviczki et al in 1998 showed 80% of 
patient with cellulitis before LVA free of cellulitis 
after operation.  

• Study by Matsubara et al in 2006

Pre-op Post-op

Cellulitis rate 2.4 infections/patient/
year

0.2 infections/patient/
year
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LVA - advantages
• Others:   

• More physiological treatment for lymphedema  

• It can combined with other treatment of lymphoedema, 
such as liposuction. This could further enhance the 
volume reduction 

• Surgical risk is extremely low, most studies did not report 
surgical complications
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LVA - advantages
• Points to note: 

• Several studies emphasized LVA to be applied in 
fluid phase (stage 1-2), because more lymphatic 
vessels available for anastomosis in early stage. 
When solid phase sets in, there will be chronic 
irreversible fibrosis and smooth muscle 
dysfunction surrounding lymph vessels. It will 
hinder the effect of anastomosis
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LVA - Recurrence and patency

Article Rebound

Damstra et al 
(2009) -2% at 12 months <— -4.8% at 3 months 

Chiang et al 
(2013) -7.7% at 12 months <—-9.6% at 3 months
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LVA - Patency rate

Article Follow up Patency

Campisi et al (2010) 7 years 93%

Boccardo et al (2013) 42 months 85%

Maegawa et al (2012) 24 months 75% at 12 months, 
36% at 24 months
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LVA - limitation
• Post op bandaging was still required to maintain best result 

• There is no universally supported assessment of the quality or severity of 
lymphedema 

• Most studies did not explain whether radiotherapy was given before 
lymphedema. As radiotherapy may cause more fibrosis that affects the 
patency of LVA. It might be one of the confounders. 

• There was no high level randomized controlled trial comparing LVA and 
physiotherapy alone in treatment of lymphoedema 

• Only 1 study by Campisi had long follow up of 7 years, most studies had 
1-3 years of follow up only 

• Limited knowledge about the effects of lymphovenous anastomosis 

• Study by Dr. Campisi found 9 patients with no signs of patency by post 
op lymphoscintigraphy, but clinically significant volume changes
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Conclusion
• Lymphovenous anastomosis is a new technique in treating 

secondary lymphoedema 

• It is most effective in treatment of upper limb secondary lymphedema 

• It could also be combined with other surgical treatment such as 
liposuction 

• However, compression bandaging is still required post op to maintain 
best results. Randomized controlled trial was lacking. Most studies 
were case studies only. Current evidence was Grade C-D 

• Lymphovenous anastomosis is not a cure for lymphedema yet. First 
line treatment for lymphoedema was non-surgical approach, but 
promising results from various case studies warren further 
investigation. 
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Diagnosis

• Volumetric analysis: optoelectronic limb volumeter 
or CT 

• Volume differential:  

• Volume differential reduction:

volume of lymphoedema - volume of other limb

volume of unaffected limb

preoperative volume differential - postoperative volume differential

preoperative volume differential
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Author, year Initial condition/patient population 
(n)

lymphoedema 
location Author conclusion

Penha et al. 2013 Breast cancer/2o lymphedema 
(n=not report) upper limb methodological shortcomings did not allow for 

conclusions

Boccardo et al. 2013 Melanoma in an extremity/2o 
lymphoedema (n=41) lower limb

• Average 80% reduction in  lymphedema 
• Patency maintained at 42 months in 35 

patients 
• Lymphatic-venous multiple anastomosis 

successful when treating early

Chang et al 2013 Various cancers/ 2o lymphedema 
(n=65)

upper limb/
lower limb

• 74% upper limb lymphoedema had 
improvement, 57% in lower limb 

• Over-all reduction was 33% at 3 months, 
36% at 6 months, 42% at 12 months 

• Better result in early stage lymphedema

Yamamoto et al. 2013 Not reported (n=14) Lower Limb Lymphoedema indices significantly decreased 
post-operatively

Auba et al. 2012 Not reported/ 5 with lower limb, 7 
with upper limb

upper limb/
lower limb

At 18 months follow up: 
• 80% patients showed variable objective limb 

perimeter reduction 
• 90%patients showed subjective clinical 

improvement

Maegawa et al. 2012 Not reported/ Pre-op CDP performed 
(n=31) lower limb

• Average 100ml volume reduction shown, 
compared to 500ml volume reduction by 
pre-op CDP 

• Need of post-op CDP decreased in some 
patients

Maegawa et al. 2012 NR/Pre-op & Post-op CDP received 
(n=107)

upper limb/
lower limb

• 420-600ml reduction at post op 14 months 
• Cumulative patency rates were 75% at 12 

months and 36% at 24 months post-op
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Author, year Initial condition/patient 
population (n)

lymphoedem
a location Author conclusion

Lee et al 2011
NR/ 2o lymphoedema in clinical 

stage II and had CDP for >=1year 
pre-op (n=32)

NR

• LVA more effective in earlier stage 
• compliance with CDP was the most 

important factor in maintaining long-term 
results

Chang et al. 2010 Breast cancer/ 2o lymphedema 
(n=16) upper limb May be effective in reducing severity of 2o 

lymphedema

Damstra et al. 2009 Breast cancer/ 2o lymphedema 
(n=10) upper limb Minimal volume reduction of lymphedema

NR= not reported, 2o = secondary, LVA = lymphovenous anastomosis, CDP = complex 
decongestive physiotherapy
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Lymphovenous anastomosis

• Most succesful cases were upper limb 
lymphedema patient. less lymphovenous 
anastomsois were performed in the lower limb 

• The symptom improvement in lower limb 
anastomosis were lower (57%) compared to upper 
limb anastomosis (74%) 

• Limited experience in lower limb lymphovenous 
anastomosis
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Lymphovenous anastomosis

• For arms, usual site of anastomosis would be the medium third of 
arm, for lower limbs, it depends on the lymphosantingraphy result. 

• Using microscope, subdermal lymph vessels were anastomosed 
to adjacent venules by 11/O non-absorbable suture. Aims to do 
the most anastomosis possible 

• End-to-end anastomosis, side to end or end to side anastomosis 
were advocated in various study groups 

• ICG lymphosangtingraphy or blue dye could be used intra-op to 
map lymphatic vessels, so as to find the best site for anastomosis




