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Introduction 
 

ymphedema is a condition characterized by the 
accumulation of protein-rich fluid in the 
interstitial space and the consequent edema of 

the tissues. The accumulation of this fluid causes 
inflammation that induces lipogenesis and fat 
deposition with connective tissue, eventually patients 
develop irreversible induration and fibrosis of the 
affected area (1). The early stages may have physical 
findings and symptoms of painless pitting edema, 
discomfort, and heaviness of the extremity, especially 
after continuous use (2). Primary lymphedema occurs 
due to structural and functional abnormalities of the 
lymphatic channels, it can become symptomatic at 
birth, in adolescence or in adulthood. Secondary 
lymphedema develops after interruption of normal 
lymphatic channels, leading to obstruction of the 
lymphatic system. The most common cause of 
secondary lymphedema worldwide is filariasis 
secondary to Wuscheria bancrofti infection. However, 
in developed countries, secondary lymphedema is 
mainly caused by iatrogenic injury during treatment 
for various malignancies, including breast, 
gynecological, and skin cancer (3). The first symptoms 
of primary lymphedema generally occur between the 
ages of 10 and 25 years, with a prevalence of 
approximately 1/100,000 (4,5). Studies have 
an incidence of upper extremity lymphedema after 
axillary lymph node dissection ranging from 7% to 

L
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ymphedema is a condition characterized by the 
rich fluid in the 

interstitial space and the consequent edema of 
the tissues. The accumulation of this fluid causes 
inflammation that induces lipogenesis and fat 

ve tissue, eventually patients 
develop irreversible induration and fibrosis of the 
affected area (1). The early stages may have physical 
findings and symptoms of painless pitting edema, 
discomfort, and heaviness of the extremity, especially 

s use (2). Primary lymphedema occurs 
due to structural and functional abnormalities of the 
lymphatic channels, it can become symptomatic at 
birth, in adolescence or in adulthood. Secondary 
lymphedema develops after interruption of normal 

, leading to obstruction of the 
lymphatic system. The most common cause of 
secondary lymphedema worldwide is filariasis 
secondary to Wuscheria bancrofti infection. However, 
in developed countries, secondary lymphedema is 

during treatment 
for various malignancies, including breast, 
gynecological, and skin cancer (3). The first symptoms 
of primary lymphedema generally occur between the 
ages of 10 and 25 years, with a prevalence of 
approximately 1/100,000 (4,5). Studies have reported 
an incidence of upper extremity lymphedema after 
axillary lymph node dissection ranging from 7% to  

 
 
 
 
 
 
 
 
 

 
 
 
45% depending on risk factors and adjunctive use of 
adjuvant radiation therapy (6). The affected limb 
becomes large, swollen, heavy, and painful, preventing 
them from enjoying their lifestyle, exercising, 
performing activities of daily living, and working,
leading to severe disability. Patients can't wear normal 
clothes and shoes, plus it's a constant reminder that 
they had cancer. As the disease progresses, patients 
develop recurrent infections and nonhealing wounds 
from even minor trauma requiring intensi
care, antibiotics, repeated hospitalization, surgical 
debridement, and even amputation. This becomes an 
economic burden for patients, their families and the 
health system (7). For many years, the first
treatment of lymphedema has been conserv
treatment with complete decongestive therapy (CDT): 
a combination of compression garments, skin hygiene, 
compression of the extremities, manual lymphatic 
drainage, and exercise (8,9) . Lymphatic decongestive 
therapy is labor intensive and requires ac
specialized therapist (10). CDT requires lifelong 
patient compliance as it is not curative and requires 
continuous compression to maintain treatment results 
(11,12,13). 

Surgical treatment of lymphedema is 
suggested when conservative treatment fails, 
particularly at the onset of inflammation. The field of 
lymphedema surgery is a constantly evolving field. 
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45% depending on risk factors and adjunctive use of 
adjuvant radiation therapy (6). The affected limb 
becomes large, swollen, heavy, and painful, preventing 
them from enjoying their lifestyle, exercising, 
performing activities of daily living, and working, 
leading to severe disability. Patients can't wear normal 
clothes and shoes, plus it's a constant reminder that 
they had cancer. As the disease progresses, patients 
develop recurrent infections and nonhealing wounds 
from even minor trauma requiring intensive wound 
care, antibiotics, repeated hospitalization, surgical 
debridement, and even amputation. This becomes an 
economic burden for patients, their families and the 
health system (7). For many years, the first-line 
treatment of lymphedema has been conservative 
treatment with complete decongestive therapy (CDT): 
a combination of compression garments, skin hygiene, 
compression of the extremities, manual lymphatic 
drainage, and exercise (8,9) . Lymphatic decongestive 
therapy is labor intensive and requires access to a 
specialized therapist (10). CDT requires lifelong 
patient compliance as it is not curative and requires 
continuous compression to maintain treatment results 

Surgical treatment of lymphedema is 
suggested when conservative treatment fails, 

at the onset of inflammation. The field of 
lymphedema surgery is a constantly evolving field.  

Lymphedema is a chronic disease in which impaired lymphatic drainage 
causes the accumulation of fluid in the soft tissues, resulting in a swollen 
limb. This ultimately leads to severe fibrosis, recurrent infections, non-
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caused by damage to the lymphatic system due to infection, surgery to treat 
malignant tumors, trauma and obesity. In the past, the only treatment was 
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surgical treatments for lymphedema have advanced, along with advances in 
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Early techniques in the treatment of 
include ablative procedures such as the Homans or 
Charles procedures, which involve excision of the 
subcutaneous tissue beneath the affected skin and 
covering the defect with full-thickness or partial
thickness skin flaps or grafts (14,15 ,16). Advances i
microsurgical techniques have allowed the advent of 
more physiological and effective methods, such as 
vascularized lymph node transplantation (VLNT) or 
lymphovenous shunt (LVA). The objective of this 
review is to provide an analysis of current techniques
in the management of lymphedema, their results and 
limitations. 
 
Methods 
 

A PubMed-MEDLINE literature review was 
conducted to assess current strategies in the surgical 
management of lymphedema. The query was made 
using a combination of the terms 
'lymphedema', 'liposuction', 'lymphovenous 
anastomosis' and 'lymph node transplantation'. 
Additional queries based on relevant references from 
the searched articles were made. 
 
Clinical evaluation 
 

The initial evaluation of the patient should 
include a complete history and physical examination. 
Other etiologies of extremity edema such as 
congestive heart failure, renal failure, deep vein 
thrombosis, and venous insufficiency must be 
excluded. Venous Doppler should be considered to 
rule out venous insufficiency. The physical 
examination should include a thorough evaluation of 
the quality of the skin and soft tissues of the affected 
extremity. Particular attention should be paid to the 
presence of orange peel, which indicates soft tissue 
fibrosis, and Stemmer's sign (the inability to grasp the 
skin over the second toe), as these signs favor the 
diagnosis of lymphedema. on other etiologies of 

Table 1. Lymphedema staging system. International Lymphedema Society (17).
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Early techniques in the treatment of lymphedema 
include ablative procedures such as the Homans or 
Charles procedures, which involve excision of the 
subcutaneous tissue beneath the affected skin and 

thickness or partial-
thickness skin flaps or grafts (14,15 ,16). Advances in 
microsurgical techniques have allowed the advent of 
more physiological and effective methods, such as 
vascularized lymph node transplantation (VLNT) or 
lymphovenous shunt (LVA). The objective of this 
review is to provide an analysis of current techniques 
in the management of lymphedema, their results and 

MEDLINE literature review was 
conducted to assess current strategies in the surgical 
management of lymphedema. The query was made 
using a combination of the terms 'surgery', 
'lymphedema', 'liposuction', 'lymphovenous 
anastomosis' and 'lymph node transplantation'. 
Additional queries based on relevant references from 

The initial evaluation of the patient should 
clude a complete history and physical examination. 

Other etiologies of extremity edema such as 
congestive heart failure, renal failure, deep vein 
thrombosis, and venous insufficiency must be 
excluded. Venous Doppler should be considered to 

insufficiency. The physical 
examination should include a thorough evaluation of 
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presence of orange peel, which indicates soft tissue 
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edema of the extremities. Serial limb circumference 
should be measured and compared to the 
side, as this may be useful in monitoring response to 
treatment (17). The International Lymphedema 
Society has described a staging system for the clinical 
evaluation of lymphedema (
 
Imaging 
 

Imaging of the lymphatic system is a vita
in the evaluation of lymphedema. Indocyanine green 
lymphography is a minimally invasive imaging 
technique that allows dynamic visualization of 
lymphatic channels without radiation exposure, it has 
been used for decades in various specialties for 
evaluation of liver function, sentinel lymph node 
detection , cardiac output and flap viability (18). It is 
performed by subdermal injection of indocyanine 
green in the interdigital spaces of the lymphedematous 
extremity, the near infrared light emitted by th
detected with an infrared camera system, the location, 
route and flow of the superficial lymphatic channels of 
up to 2 cm deep from the skin surface can be detected 
immediately after injection (19). Described by Ogata 
et al. in 2007 in the evaluat
then it has become an irreplaceable tool for real
evaluation of lymphatic channels during lymphatic 
surgery (20). Lymphoscintigraphy is considered the 
gold standard for lymphedema evaluation and is 
frequently used to confirm a
lymphedema. A technetium
injected subdermally into the first or second web space 
of the affected limb, and uptake is assessed using a 
high-resolution gamma camera (21). 
Lymphoscintigraphy provides the abilit
contrast uptake, visualize the number and size of 
lymphatic vessels and nodes, and assess dermal reflux 
patterns (22). 

Radionuclide lymphography is essential for 
the plastic surgeon for surgical planning as well as 

Lymphedema staging system. International Lymphedema Society (17). 
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edema of the extremities. Serial limb circumference 
should be measured and compared to the contralateral 
side, as this may be useful in monitoring response to 
treatment (17). The International Lymphedema 
Society has described a staging system for the clinical 
evaluation of lymphedema (Table 1). 

Imaging of the lymphatic system is a vital tool 
in the evaluation of lymphedema. Indocyanine green 
lymphography is a minimally invasive imaging 
technique that allows dynamic visualization of 
lymphatic channels without radiation exposure, it has 
been used for decades in various specialties for 

luation of liver function, sentinel lymph node 
detection , cardiac output and flap viability (18). It is 
performed by subdermal injection of indocyanine 
green in the interdigital spaces of the lymphedematous 
extremity, the near infrared light emitted by the dye is 
detected with an infrared camera system, the location, 
route and flow of the superficial lymphatic channels of 
up to 2 cm deep from the skin surface can be detected 
immediately after injection (19). Described by Ogata 
et al. in 2007 in the evaluation of lymphedema, since 
then it has become an irreplaceable tool for real-time 
evaluation of lymphatic channels during lymphatic 
surgery (20). Lymphoscintigraphy is considered the 
gold standard for lymphedema evaluation and is 
frequently used to confirm a clinical suspicion of 
lymphedema. A technetium-99 (Tc-99) radiotracer is 
injected subdermally into the first or second web space 
of the affected limb, and uptake is assessed using a 

resolution gamma camera (21). 
Lymphoscintigraphy provides the ability to measure 
contrast uptake, visualize the number and size of 
lymphatic vessels and nodes, and assess dermal reflux 

Radionuclide lymphography is essential for 
the plastic surgeon for surgical planning as well as 
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intraoperative visualization of lymphatic channels that 
are invisible to the naked eye. 
 
Surgical management 
 

Surgical techniques for the management of 
lymphedema can be broadly divided into 
microsurgical physiological procedures that attempt to 
restore normal lymphatic physiology by
lymphatic fluid removal, and ablative procedures, 
which remove excess subcutaneous tissue to improve 
patient comfort. and facilitate conservative therapies.
 
Lymphovenous Anastomosis 
 

LVA was first described in the 1960s (23). 
Nielubowicz and Olszewski performed the procedure 
on 4 patients with secondary lower extremity 
lymphedema and showed a persistent reduction in 
limb circumference during a follow
months (24). LVA is a physiologic microsurgical 
procedure in which lymphatic chan
anastomosed to nearby subdermal veins, bypassing 
proximal lymphatic obstruction by diverting lymphatic 
fluid into the venous system (25). Patients with 
International Lymphedema Society stage I or II 
lymphedema who have complied with conservative 
measures but have shown minimal improvement are 
considered good candidates for LVA (26). The recent 
use of lymphography before and intraoperatively to 
visualize patent lymphatic vessels has allowed 
restoration of lymphatic flow by minimally invasive 
procedures, making LVA an attractive option in 
lymphedema (27,28). Lymphography is performed 
prior to surgery to identify properly functioning 
lymphatic channels and guide the location of incisions. 
From this point on, the procedure is performed under 
the microscope, a careful incision is made in the skin, 
and the lymphatic channels within the subcutaneous 
tissue are identified. Once a satisfactory lymphatic 
vessel has been dissected and transected proximally, 
an appropriately sized nearby venule is selected. The 
vessel can be immersed in heparinized saline or 
stented with a 6-0 prolene suture to prevent backwall 
formation and ensure full thickness is taken. End
end, end-to-side, or side-to-end anastomoses can be 
performed depending on the size, pressure, and 
availability of the subdermal venules (29). Lymphatic 
vessels are typically 0.5 to 0.8 mm in size, making the 
skill of the surgeon, careful handling of the tissues, 
and microsurgical or supermicrosurgical technique 
critical to success (30). After surgery, co
bandage is used, patients are recommended to walk, 
after two weeks, the compression bandage is changed 
to a compression garment. Lymphatic massage is 
restarted four weeks postoperatively.  
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of lymphatic channels that 

Surgical techniques for the management of 
lymphedema can be broadly divided into 
microsurgical physiological procedures that attempt to 
restore normal lymphatic physiology by increasing 
lymphatic fluid removal, and ablative procedures, 
which remove excess subcutaneous tissue to improve 
patient comfort. and facilitate conservative therapies. 

LVA was first described in the 1960s (23). 
Olszewski performed the procedure 

on 4 patients with secondary lower extremity 
lymphedema and showed a persistent reduction in 
limb circumference during a follow-up of 1 to 9 
months (24). LVA is a physiologic microsurgical 
procedure in which lymphatic channels are 
anastomosed to nearby subdermal veins, bypassing 
proximal lymphatic obstruction by diverting lymphatic 
fluid into the venous system (25). Patients with 
International Lymphedema Society stage I or II 
lymphedema who have complied with conservative 

easures but have shown minimal improvement are 
considered good candidates for LVA (26). The recent 
use of lymphography before and intraoperatively to 
visualize patent lymphatic vessels has allowed 
restoration of lymphatic flow by minimally invasive 

res, making LVA an attractive option in 
lymphedema (27,28). Lymphography is performed 
prior to surgery to identify properly functioning 
lymphatic channels and guide the location of incisions. 
From this point on, the procedure is performed under 

ope, a careful incision is made in the skin, 
and the lymphatic channels within the subcutaneous 
tissue are identified. Once a satisfactory lymphatic 
vessel has been dissected and transected proximally, 
an appropriately sized nearby venule is selected. The 
vessel can be immersed in heparinized saline or 

0 prolene suture to prevent backwall 
formation and ensure full thickness is taken. End-to-

end anastomoses can be 
performed depending on the size, pressure, and 

ailability of the subdermal venules (29). Lymphatic 
vessels are typically 0.5 to 0.8 mm in size, making the 
skill of the surgeon, careful handling of the tissues, 
and microsurgical or supermicrosurgical technique 
critical to success (30). After surgery, compression 
bandage is used, patients are recommended to walk, 
after two weeks, the compression bandage is changed 
to a compression garment. Lymphatic massage is 

 

Since its introduction, several studies have 
examined the results of LVA (31,32,33). Chang et al. 
(2013) found symptomatic improvement in 96% of 
patients with upper extremity lymphedema and 
significant limb volume reduction (61%) 
postoperatively at 3, 6, and 12 months after LVA in 
patients with early-stage lymph
analysis Jørgensen et al. (2018) found that 
prophylactic LVA at the time of lymphadenectomy 
reduced the risk of lymphedema by 77% compared to 
no prophylactic procedure (P<0.0001) (35). Chen et al. 
(2018) demonstrated the efficacy of 
primary lymphedema, in patients with congenital 
forms of lymphedema who received LVA experienced 
approximately 4 times per year fewer episodes of 
cellulitis and reported increases in quality of life, 
appearance, symptoms, function and status. m
(36). Disadvantages of LVA include technical 
difficulty and the paucity of long
literature. 
 
Vascularized Lymph Node Transfer
 

VLNT is a relatively new technique in the 
treatment of lymphedema. It was first described by 
Clodius et al. (1982), who transferred a pedicled 
inguinal flap with vascularized inguinal lymph nodes 
to the left lower extremity with partial success in 
reducing lymphedema (37). With advances in 
microsurgical techniques, VLNT has become a 
treatment option, particularly in cases of moderate to 
advanced lymphedema, where other treatment 
methods may not have been effective. The technique 
involves the transfer of a vascularized lymph node and 
surrounding tissue to a region where a lymph node has 
been removed or where ly
microsurgical anastomosis is created between the 
blood supply of the recipient site and the flap, 
maintaining the vascularization of the lymph node. 
Common donor sites for lymph nodes include omental, 
inguinal, mesenteric, lateral t
gastroepiploic, and submental nodes (38,39). The 
exact mechanism by which VLNT improves 
lymphedema is still debated, but two main theories 
have been described. The first is that VLNT acts like a 
sponge that absorbs local lymphatic fluid 
it to the vascular system (40). The second theory is 
that the transferred lymph nodes produce vascular 
endothelial growth factor-C (VEGF
local lymphangiogenesis through the formation of 
spontaneous efferent and afferent connec
the transferred nodes and the recipient site (41). VLNT 
from groin and supraclavicular donor sites is discussed 
below. 

The VLNT of the groin is based on the 
superficial circumflex iliac system or a small medial 
branch of the femoral artery. T
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Since its introduction, several studies have 
results of LVA (31,32,33). Chang et al. 

(2013) found symptomatic improvement in 96% of 
patients with upper extremity lymphedema and 
significant limb volume reduction (61%) 
postoperatively at 3, 6, and 12 months after LVA in 

stage lymphedema. (34). In a meta-
analysis Jørgensen et al. (2018) found that 
prophylactic LVA at the time of lymphadenectomy 
reduced the risk of lymphedema by 77% compared to 
no prophylactic procedure (P<0.0001) (35). Chen et al. 
(2018) demonstrated the efficacy of LVA also in 
primary lymphedema, in patients with congenital 
forms of lymphedema who received LVA experienced 
approximately 4 times per year fewer episodes of 
cellulitis and reported increases in quality of life, 
appearance, symptoms, function and status. mood 
(36). Disadvantages of LVA include technical 
difficulty and the paucity of long-term results in the 

ascularized Lymph Node Transfer 

VLNT is a relatively new technique in the 
treatment of lymphedema. It was first described by 

l. (1982), who transferred a pedicled 
inguinal flap with vascularized inguinal lymph nodes 
to the left lower extremity with partial success in 
reducing lymphedema (37). With advances in 
microsurgical techniques, VLNT has become a 

arly in cases of moderate to 
advanced lymphedema, where other treatment 
methods may not have been effective. The technique 
involves the transfer of a vascularized lymph node and 
surrounding tissue to a region where a lymph node has 
been removed or where lymph flow is impaired. A 
microsurgical anastomosis is created between the 
blood supply of the recipient site and the flap, 
maintaining the vascularization of the lymph node. 
Common donor sites for lymph nodes include omental, 
inguinal, mesenteric, lateral thoracic, axillary, 
gastroepiploic, and submental nodes (38,39). The 
exact mechanism by which VLNT improves 
lymphedema is still debated, but two main theories 
have been described. The first is that VLNT acts like a 
sponge that absorbs local lymphatic fluid and redirects 
it to the vascular system (40). The second theory is 
that the transferred lymph nodes produce vascular 

C (VEGF-C) that induces 
local lymphangiogenesis through the formation of 
spontaneous efferent and afferent connections between 
the transferred nodes and the recipient site (41). VLNT 
from groin and supraclavicular donor sites is discussed 

The VLNT of the groin is based on the 
superficial circumflex iliac system or a small medial 
branch of the femoral artery. The dissection should 
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remain superficial to the deep fascia of the thigh, 
superior to the groin crease, and lateral to the femoral 
artery to avoid harvesting lymph nodes that are critical 
for lymphatic drainage of the lower extremities (42). 
The groin lymph node flap can be transferred alone or 
in continuity with abdominal flaps in autologous 
breast reconstruction, making it an ideal donor for 
secondary upper extremity lymphedema in the setting 
of breast cancer (43). For supraclavicular lymph node 
transplantation, the right side is preferred to avoid the 
left-sided thoracic duct. The nodal conglomerate is 
bounded medially by the sternocleidomastoid muscle, 
the clavicle inferiorly, and the external jugular vein 
laterally. The supraclavicular nodes can be trans
with a skin cover, which may be useful in patients 
with radiation skin changes who also require release of 
contractures at the time of VLNT. The advantages of 
supraclavicular VLNT include flap reliability, discreet 
scarring, and a low risk of donor site morbidity and 
secondary lymphedema (44). Reverse lymphatic 
mapping prior to surgery has been proposed as a 
technique to prevent donor site lymphedema after 
VLNT (45). VLNT has been shown to improve overall 
quality of life, functional status, reduce sk
rates, and significantly reduce upper and lower 
extremity volume (46). 
 
Ablative procedures 
 

Ablative procedures remove excess skin and 
subcutaneous tissue from the affected limb to decrease 
limb volume and improve functional status, may be 
considered in patients with stage II and stage III late 
lymphedema who are not candidates for physiologic 
procedures, for excess adipose deposition and fibrosis 
in the affected limb. These techniques are also used 
after physiologic procedures to treat the fa
fibrosis component of the lymphedematous limb 
(47,48). 
 
Liposuction 
 

The use of liposuction for lymphedema was 
first popularized by Brorson and Svensson (1998), 
who examined the feasibility of combined liposuction 
and compression garment therapy for 
(49). Liposuction is minimally invasive, low risk, and 
unlikely to further compromise the lymphatic drainage 
of the affected limb. Significant limb volume 
reduction is seen almost immediately in the 
postoperative period, but liposuction is not c
and patients must continue CDT and compression for 
life to maintain results (50). Suction
lipectomy can also be used in conjunction with LVA 
or VLNT to reduce limb size in patients whose 
lymphatic function has been restored (51). The main 
limitation of liposuction therapy is that patients must 
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remain superficial to the deep fascia of the thigh, 
superior to the groin crease, and lateral to the femoral 
artery to avoid harvesting lymph nodes that are critical 
for lymphatic drainage of the lower extremities (42). 

node flap can be transferred alone or 
in continuity with abdominal flaps in autologous 
breast reconstruction, making it an ideal donor for 
secondary upper extremity lymphedema in the setting 
of breast cancer (43). For supraclavicular lymph node 

ation, the right side is preferred to avoid the 
sided thoracic duct. The nodal conglomerate is 

bounded medially by the sternocleidomastoid muscle, 
the clavicle inferiorly, and the external jugular vein 
laterally. The supraclavicular nodes can be transferred 
with a skin cover, which may be useful in patients 
with radiation skin changes who also require release of 
contractures at the time of VLNT. The advantages of 
supraclavicular VLNT include flap reliability, discreet 

site morbidity and 
secondary lymphedema (44). Reverse lymphatic 
mapping prior to surgery has been proposed as a 
technique to prevent donor site lymphedema after 
VLNT (45). VLNT has been shown to improve overall 
quality of life, functional status, reduce skin infection 
rates, and significantly reduce upper and lower 

Ablative procedures remove excess skin and 
subcutaneous tissue from the affected limb to decrease 
limb volume and improve functional status, may be 

nsidered in patients with stage II and stage III late 
lymphedema who are not candidates for physiologic 
procedures, for excess adipose deposition and fibrosis 
in the affected limb. These techniques are also used 
after physiologic procedures to treat the fat and 
fibrosis component of the lymphedematous limb 

The use of liposuction for lymphedema was 
first popularized by Brorson and Svensson (1998), 
who examined the feasibility of combined liposuction 
and compression garment therapy for lymphedema 
(49). Liposuction is minimally invasive, low risk, and 
unlikely to further compromise the lymphatic drainage 
of the affected limb. Significant limb volume 
reduction is seen almost immediately in the 
postoperative period, but liposuction is not curative 
and patients must continue CDT and compression for 
life to maintain results (50). Suction-assisted 
lipectomy can also be used in conjunction with LVA 
or VLNT to reduce limb size in patients whose 
lymphatic function has been restored (51). The main 
limitation of liposuction therapy is that patients must 

wear compression garments indefinitely to maintain 
the reduced volume of the limb (52). Proper follow
of liposuction therapy for lymphedema involves a 
multidisciplinary approach to treatment, invol
plastic surgeons, physical therapists, and the 
committed patient (53). Patients have reported an 
increased quality of life after liposuction treatment, 
despite having to wear long
garments as part of their treatment (54). Brorson H. e
al suggest that the cosmetic and functional benefits of 
liposuction outweigh the burden caused by lifelong 
compression therapy (55). 
 
Excisional Procedures 
 

Excisional therapeutic techniques have been 
described since 1912, particularly for the treatment of 
elephantiasis (56). The Charles procedure involves 
radical circumferential soft tissue excision down to the 
level of the deep fascia followed by skin graft 
reconstruction, this results in complete interruption of 
existing distal lymphatic drainage and can lead to 
exacerbation of lymphedema of the distal extremity, 
the results of the procedure are cosmetically poor, 
complications including graft failure, chronic 
ulceration and hypertrophic scarring can be observed 
(57). van der Walt et al. (2009) further modernized 
this technique to include negative pressure wound 
therapy and delayed skin grafting, in an effort to 
improve graft capture and wound recovery, this is 
known as the modified Charles procedure (58). 
Retrospective studies have reported positive results in 
volume reduction, albeit with limited sample sizes and 
confounding results due to combination with other 
procedures (59,60). 
 
Combined surgical therapy 
 

Granzow et al. (2014) (61) and Nicoli et al. 
(2015) (62) reported that performing a liposuction 
procedure followed by VLNT enabled patients to wear 
compression garments less frequently, maintain 
reduced arm volume, and improve skin quality. 
Campisi et al. (2017) demonstrated that patients 
receiving a combination of LVA with liposuction were 
able to maintain limb volume despite wearing only 
compression garments overnight (19). City et al. 
(2019) in a retrospective study of 68 patients with 
International Lymphedema S
lymphedema, reported that the combination of VLNT 
with excisional procedures achieved a significant 
reduction in limb circumference and a decreased 
incidence of episodes. In addition, all patients in this 
study were able to discontinue the
garments 8 months after surgery (13).
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improve graft capture and wound recovery, this is 
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volume reduction, albeit with limited sample sizes and 
confounding results due to combination with other 
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(2015) (62) reported that performing a liposuction 
procedure followed by VLNT enabled patients to wear 
compression garments less frequently, maintain 
reduced arm volume, and improve skin quality. 

emonstrated that patients 
receiving a combination of LVA with liposuction were 
able to maintain limb volume despite wearing only 
compression garments overnight (19). City et al. 
(2019) in a retrospective study of 68 patients with 
International Lymphedema Society stage III 
lymphedema, reported that the combination of VLNT 
with excisional procedures achieved a significant 
reduction in limb circumference and a decreased 
incidence of episodes. In addition, all patients in this 
study were able to discontinue the use of compression 
garments 8 months after surgery (13). 
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Lymphedema is a chronic and incurable 

disease that severely decreases function and quality of 
life. The surgical management of lymphedema 
continues to evolve as well as promising 
the field of microsurgery. Combined surgical therapy 
such as ablative procedures together with LVA and 
VLNT have improved the functional results and 
quality of life of patients, which is why they are 
considered the best option. Lymphedema conti
be a difficult disease to manage for plastic surgeons 
and patients. 
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