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Introduction and epidemiology

Lymphedema (LE) is a chronic, progressive disease of 
the lymphatic system that exists on a wide spectrum of 
presentations (1,2). Globally it is estimated that LE affects 
up to 1 in 30 people, with wide variability in its estimated 
prevalence and etiologies amongst developing and 
developed countries (3). Epidemiologic studies estimate that 
the prevalence of LE in North America ranges anywhere 

between 1/1,000 to 1/36 (4,5). In developed countries, LE 
is predominantly a sequela of surgical oncologic resection, 
posing a significant additional burden on a stressed patient 
population (6-8). It is estimated that breast cancer-related 
lymphedema (BCRL) develops in approximately 21% 
of breast cancer survivors (3,9,10), while the excision of 
melanomas or gynecological cancers confers a significantly 
lower risk of LE development compared to BCRL, 
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estimated to be around 13% and 10%, respectively  
(7,11-13). This could be related to associated axillary lymph 
node dissections (LND), as it is estimated that 31–49% 
of patients who undergo axillary LND for breast cancer 
management go on to develop LE (14,15). Even minimal 
lymphatic injury in the form of sentinel lymph node biopsy 
is thought to be associated with LE development in 5–7% 
of patients (16,17). 

Types of LEs

Primary LE is mostly related to a variety of genetic 
etiologies leading to developmental deficiencies of the 
lymphatic system (18). Primary LE is commonly subdivided 
into: (I) congenital LE, present at birth or identified within 
2 years of birth comprising 10–25% of primary LE cases; (II) 
LE praecox, which is the most common type of primary LE 
representing 65–80% of primary cases, which is observed 
almost exclusively in young women occurring around the 
age of puberty; or (III) lymphedema tarda, which begins 
after 35 years of age and is thought to represent less than 
10% of primary LE cases (19-21).

Secondary LE results  from the disruption of a 
normally developed lymphatic system. This may lead to 
an obstruction of lymphatic channels and an imbalance 
between the production of lymphatic fluid and its outflow 
from affected body regions. A variety of etiologies have 
been associated with the development of secondary LE 
including: surgical resections of tumors, radiation, trauma, 
recurrent infection, chronic venous insufficiency, obesity 
and filarial infections, especially by Wuchereria bancrofti—
the most common etiology worldwide with over 51 million 
people infected in 2018 as estimated by the World Health 
Organization (WHO) (22-24).

However, unlike in primary LE, the overall structure of 
the lymphatic system is preserved in secondary LE despite 
its impaired function (25). This helps in conceptually 
differentiating secondary from primary LE where anatomic 
defects of the lymphatic system are detected at various 
structural levels. Ultimately, this may lead to less favorable 
surgical outcomes for primary LE compared to early-stage 
secondary LE (25). In many instances in primary LE, the 
progression of lymphatic damage can hamper the efficacy 
of surgical treatment as significant delays are thought to 
increase the risk of surgical failure (26). The same principles 
are thought to apply to late stages of secondary LE where 
fibrosis has ensued and the lymphatic vessels have lost 
their ability to transfer lymphatic fluid, thus commencing 

the vicious cycle of impaired lymphatic drainage and 
accumulation of interstitial fluids and altered immune 
response leading to chronic inflammation (27).

Pathophysiology

LE is a frequently overlooked condition that involves 
complex micro and macro-level processes. Amongst the key 
functions of the lymphatic system is maintaining balanced 
tissue levels of fluids. The lymphatic system plays a vital role 
in returning and transporting back the capillary ultrafiltrate 
and filtered plasma proteins as well as emulsified fat to the 
bloodstream. By doing so, lymphatic vessels complete the 
extravascular circulation of fluid and protein and maintain 
overall volume homeostasis (28). This is a continuous 
dynamic process where filtration and absorptive forces lead 
to a “steady state” (29). The lymphatic system also plays an 
integral role in the immune system and circulatory system 
where it aids in lipid transport (30,31). 

LE is characterized by increases in extremity volume 
caused by the accumulation of tissue fluid, the proliferation of 
cells, and excessive production of collagen as a consequence 
of impaired lymphatic drainage. As a result, bacterial 
colonization is enhanced due to the favorable conditions 
created by disrupted lymphatic fluid. It is estimated that the 
lymphatic system can transport between 20 to over 200 mL 
during 24 hours per limb (32). As expected, if this ability is 
lost, significant stasis of intercellular water, proteins, fat, and 
migrating immune cells occurs ultimately leading to scarring 
and loss of contractility of the lymphatic system (33,34).

As a consequence of the disrupted steady state and 
ensuring stasis, more than 50% of LE patients develop 
bacterial dermato-lymphangio-adenitis (DLA) (35). 
Generally, there are two lymphatic drainage pathways 
within each extremity; the superficial subdermal network 
and the deeper subfascial network (36). In cases of 
obstruction, where one pathway is disrupted, the remaining 
patent pathway attempts to compensate for the other 
pathway by increasing its efforts for drainage. However, it 
is reported that the subdermal pathway is more efficient 
and as a result, patients do not usually develop LE as a 
result of an obstruction of the subfascial system (37). Recent 
data suggest that lymph nodes also communicate with the 
venous system through lymphatic venous communications 
that can drain lymph fluid from the surrounding tissue into 
the node, ultimately draining into the local venous vascular 
system highlighting the correlation between chronic 
unchecked venous stasis and the development of LE (38,39). 

8



Annals of Translational Medicine, Vol 12, No 1 February 2024 Page 3 of 17

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2024;12(1):8 | https://dx.doi.org/10.21037/atm-23-132

Burden of LE 

LE is a condition that has been shown to significantly affect 
patients’ lives. Overall, LE is associated with significant 
physical and psychological sequalae including pain, 
decreased strength, reduced function, and decreased self-
confidence (40,41). The increasing limb circumference 
appears to be a significant stressor for LE patients and a 
decrease in limb circumference was associated with higher 
patient satisfaction overall (42).

Given the heterogeneity and varying presentations of 
LE, the precise impact of this chronic condition may be 
challenging to capture. Validated questionnaires indicate 
that LE patients score worse in domains such as: anxiety, 
mood, well-being, self-control, general health, and overall 
vitality (43). LYMQOL has emerged as a simple and useful 
tool for use in clinical practice and scientific contexts for 
evaluating the quality of life (QoL) of LE patients (44). 
Other QoL outcomes measures include the upper limb 
LE 27 scale (ULL27), the short form 36 questionnaire  
(SF-36), the Lymphedema Functioning, Disability and 
Health Questionnaire (Lymph-ICF), and Lymphedema 
Life Impact Scale (LLIS) of the limbs. QoL following 
physiologic surgical treatment for LE was a reported 
outcome in 32 studies. The outcomes of lymphatico-venous 
anastomoses (LVAs) were qualified in 18 studies, and 14 
studies examined the QoL outcomes of vascularized lymph 
node transfers (VLNTs). All of those studies concluded that 
physiologic LE surgeries led to an improvement in QoL 
ranging between 50–100% (45).

Risk factors

The national LE network defines people at risk for LE 
as “individuals who have not yet displayed signs and symptoms 
consistent with a diagnosis of lymphedema but have a known 
insufficiency of their lymphatic system” (46). Many studies 
examined various risk factors that contribute to the 
development of LE. Common risk factors include obesity, 
radiation, surgical procedures involving lymph nodes, 
infections and genetic factors (47-52). Prospective data 
suggest that patients with a BMI of >30 kg/m2 had a three 
times higher risk of developing BCRL as compared to 
patients with a BMI of <25 kg/m2 (53). 

There is a strong association between lymphadenectomy 
and the development of LE. It is estimated that the rate 
of lower extremity LE development ranges from 7.6% 
to 35.1% after inguinal sentinel lymph node biopsy, and 

from 48.8% to 82.5% after inguinal LND. This compares 
to a 4.4% to 14.6% rate of LE development in the 
upper extremity following axillary LND for melanoma  
excisions (54). BCRL incidence after axillary LND ranged 
from 4.1% to 21.4% (55,56). 

Radiation is another widely accepted risk factor 
contributing to the development of LE, especially 
in  the  contex t  o f  onco log ic  tumor  resec t ion  or  
lymphadenectomy (57). As previously highlighted, the 
disrupted steady state in the lymphatic channels resulting 
from the radiation-induced fibrosis leads to stasis and 
predisposes LE patients to recurrent infections. LE patients 
who developed early infections had an increased risk of 
LE development (58). Radiation is usually administered 
as adjuvant therapy after surgery and the radiation effect 
on the lymphatic vessels is synergistic with the effects of 
surgical disruption. As an example, LE incidence rates after 
axillary LND and adjuvant radiation increased on average 
to 33.4% (59).

G e n e t i c  f a c t o r s  m a y  a l s o  p l a y  a  r o l e  i n  L E  
development (60). Various genetic mutations are being 
examined and this is an area of ongoing discovery (61,62). 
LE is a recognized feature of several syndromes, including 
Klippel-Trenaunay, Parkes-Weber and Proteus syndromes 
(63,64). Patients with systemic lymphatic abnormalities can 
be classified based on their clinical presentation into one of 
two categories: a generalized lymphatic dysplasia (GLD) for 
which four genes are currently known to be causal, CCBE1, 
FAT4, PIEZO1, and EPHB4, and a multi-segmental lymphatic 
dysplasia with systemic involvement which is considered to 
be due to somatic mutations (65).

Among the many fascinating facets of LE research is 
current gaps in our understating of lymphatic anatomy. 
Detailed knowledge of the lymphatic draining channels may 
help identify more susceptible patients who may benefit 
from prophylactic procedures (66). Accessory lymphatic 
pathways can be helpful in understating the varying severity 
of LE presentation (67).

The tricipital, or Caplan’s, lymphatic pathway has 
been described in cadavers and described as a potential 
compensatory pathway for lymphatic drainage of the 
upper extremity, which can drain directly to the scapular 
lymph nodes and not the axillary lymph node groups. The 
significance of the presence of these accessory pathways or 
lack thereof will require long-term follow-up studies. These 
studies can help determine the individual risk of LE after 
axillary nodal dissection (68).
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Staging 

LE exists on a spectrum which further emphasizes the 
importance of a coherent and widely understood classification 
system. The International Society of Lymphology (ISL) 
classification system is widely adopted and stages LE based 
on the progression of the disease (Table 1) (69).

Despite its broad use and applicability, the ISL 
classification is not universally adopted, and other 
classification systems are also widely accepted (Tables 2,3). 

Diagnostic modalities in LE

LE remains a clinical diagnosis as it is diagnosed by history 
and physical examination. Oftentimes, it is a diagnosis 
of exclusion and patients have usually other reasons for 

extremity swelling (deep venous thrombosis, venous 
insufficiency, congestive heart failure, kidney failure) 
ruled out before they are referred to a LE specialist. 
However, modern imaging techniques of the lymphatic 
vascular system including X-ray contrast lymphography, 
lymphoscintigraphy, near-infrared lymphography, computed 
tomography angiography and magnetic resonance imaging 
(MRI) continue to shape our understating of LE and can 
help guide surgical planning (72,73). 

Imaging modalities are also foundational to classifying 
LE, as in the MD Anderson classification of lymphedema 
[MD Anderson Cancer Center (MDACC)] based on 
the indocyanine green (ICG) lymphangiography staging 
system (Table 3). ICG lymphography can facilitate the clear 
visualization of superficial lymph flows in real time without 
radiation exposure (74). 

Table 1 International Society of Lymphology Staging System for Lymphedema

Stage Description 

0 (latent LE) Lymphatic system injury disrupting its function, but LE has not yet developed

I (spontaneously reversible LE) Beginning of pitting edema and swelling that can be managed with the use of compression garments

II (spontaneously irreversible LE) Progression to non-pitting edema. Fibrosis starts to occur as the limbs harden and increase in size. 
At this point, compression garments are less effective

III (lymphostatic elephantiasis) Irreversible swelling as tissues become heavily fibrosed and unresponsive to treatment. Skin has 
become significantly thickened

LE, lymphedema.

Table 2 Staging system for lymphedema from Mihara et al. (70)

Type Description

Normal type (step 0) Lymphatic vessels are normal and functional

Ectasis type (step 1) Lymphatic pressure is increased leading to the dilation of lymphatic vessels

Contraction type (step 2) Lymphatic vessels wall thickening

Sclerosis type (step 3) Lumen of lymphatic vessels is narrowed as a result of fibrosis. Significant fibrosis leading to the loss 
of function of the lymphatic vessels

Table 3 MD Anderson classification of lymphedema based on indocyanine green lymphangiography [from Chang et al. (71)]

Stage Description

1 Many unobstructed lymphatic vessels are observed with minimal dermal backflow in localized areas

2 Moderate number of lymphatic vessels can be seen with segmental dermal backflow

3 Few unobstructed lymphatic vessels can be seen and significant dermal backflow can be observed throughout the entire arm

4 No patent lymphatic vessels can be seen. Severe dermal backflow observed in the extremity 
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Color-duplex ultrasound can also be utilized as a 
diagnostic and pre-surgical planning modality and can be 
a safe, and relatively inexpensive imaging modality (75). 
Color-duplex ultrasound is increasingly becoming the 
standard approach in preoperative planning for LVAs as it 
allows for the visualization of both lymphatic collectors and 
venules (76).

The utility of specialized imaging is not limited to 
diagnosing and staging LE. Recent studies highlight the 
utility of reverse lymphatic mapping in intraoperatively 
guiding surgeons to avoid lymph nodes within a regional 
lymph node basin that drains the donor extremity and 
consequently reduces the risk of causing iatrogenic donor 
site LE (77,78). single-photon emission computerized 
tomography (SPECT)/computerized tomography (CT) 
offers unique planning capabilities over lymphoscintigraphy 
for detailed preoperative planning. The use of presurgical 
SPECT/CT reverse lymphatic mapping and intraoperative 
gamma probe guidance resulted in no clinical cases of 
iatrogenic donor lower extremity LE in a small-size  
(56 patients) study (78). 

Contrast magnetic resonance (MR) lymphangiography 
can aid in visualizing the precise morphological status 
of lymphatic vessels and lymph nodes in the affected 
limb. It can illustrate the functional status of lymph flow 
transportation in lymphatic and the nodes by real-time 
observation. MR lymphangiography is also minimally 
invasive and combines morphological and functional 
examination in a single acquisition (79).

MR lymphangiography can also reliability provide 
key ratios such as the fluid-fat ratio/grade that can guide 
management options. MR lymphangiography can facilitate 
the identification of LE-afflicted limbs with advanced 
fibrofatty proliferation that may not respond well to 
conservative management or physiologic LE surgeries, 
such as vascularized lymph node transplant and LVA. In 
these circumstances, liposuction can be a viable option in 
combination with compression therapy. On the other hand, 
a limb with a higher fluid component may respond better to 
decongestive therapy, vascularized lymph node transplant, 
or LVA (80). However, ideal timing and patient selection 
remain important factors that should also be considered. 

Lymphoscintigraphy is another reliable imaging modality 
to evaluate LE and evaluate outcomes of interventions. It 
entails an intradermal injection of radiolabeled colloid in 
the distal aspect of the limb followed by imaging of the 
lymphatic channels (81). 

Management of LE

The management of LE remains a multidisciplinary challenge 
for many healthcare professionals across multiple specialties. 
With the increasing involvement of microsurgeons, many 
emerging surgical approaches are continuing to be further 
refined and are being increasingly adopted as part of the 
surgical armamentarium to manage LE. 

Timing

There is a growing consensus that the surgical treatment 
of LE is more effective in the early stages, before the 
occurrence of extensive fibrosis (71,82). The early detection 
of LE symptoms is key to achieving better surgical 
outcomes. With significant data on LE predisposing risk 
factors, it is imperative to identify patients predisposed 
to LE development during the early stages of LE. Close 
communication between all health care professionals 
involved including medical oncologists, oncologic 
surgeons, LE specialists, physicians specializing in LE and 
reconstructive surgeons is therefore crucial to detect early 
symptoms of LE in cancer survivors. This close cooperation 
can identify predisposed patients and facilitate their path 
to surgical treatment during the initial stages of LE, thus 
preventing disease progression and potentially improving 
outcomes. 

Conservative management

The management of LE can be broadly dichotomized into 
two categories: conservative (non-surgical) and surgical. 
Complete decongestive therapy (CDT) is widely accepted 
as the first-line treatment for LE management and 
demonstrates excellent outcomes in the management of skin 
care (83). CDT comprises of two treatment phases and four 
components which include: skin care, manual lymphatic 
drainage (MLD), compression therapy, and exercises. The 
initial phase aims to achieve maximal reduction of limb 
volume, through utilizing skin care, MLD, multilayer 
wrapping, and daily exercises. The second phase aims to 
conserve and optimize the results obtained in the initial 
phase and includes fitting of elastic garments, exercises, 
skincare, and MLD when necessary (69). CDT remains a 
cornerstone in limb volume reduction and symptom control 
and has been demonstrated to improve QoL outcomes in 
LE patients (84,85). 
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Manual lymph drainage by a specialized physiotherapist 
can enhance the absorption of fluids by the lymphatic 
capillaries, ultimately increasing the volume of fluid 
returning to the venous system. Some data suggest that 
MLD can provide some additional benefits in early LE, 
However, in moderate to severe LE, MLD may not provide 
additional benefits when combined with CDT (86). A 
recent meta-analysis of 12 randomized controlled trials 
(RCTs) corroborates this finding and suggests that MLD 
may not significantly reduce or prevent LE in patients after 
breast cancer surgery (87). Similar conclusions were reached 
for intermittent pneumatic compression devices, where 
a number of RCTs suggested that these devices may not 
provide additional benefits when used in combination with 
the routine management of LE.

Overall, the conservative management of LE with 
CDT, can achieve a 45–70% reduction in LE volume (88). 
Recent prospective data indicate that CDT led a statistically 
significant reduction in excess volume up to 66.5% and 
71.5% for upper limb and lower limb LE respectively. 
Another study examined the effect of CDT on 299 patients 
with upper or lower limb LE, primary and secondary type, 
where CDT was applied for about 15.7 days and led to a 
59.1% volume reduction for the upper limb and 67.7% for 
the lower limb (89). Morgan et al. demonstrated a reduction 
greater than 50% among 78 BCRL patients presenting with 
grade I and II LE who followed CDT for 1 month (5 days 
per week) (90).

Across the different phases of CDT, frequent fittings 
are crucial to maintain the gains and continue the progress 
made. Despite its time-consuming nature, long-term 
adherence and commitment to CDT remains an important 
and effective approach in LE management. It is reported 
that 56% of women who were diagnosed with BCRL 
indicated that LE affected them financially and that costs 
increased with LE severity. BCRL also reported that the 
cost of compression garments formed a large proportion 
of these costs (91). This highlights the importance of 
comprehensive coverage by insurance providers to alleviate 
some of this financial burden on LE patients and ultimately 
health care system cost-savings of up to $21,483 as a 
result of decreasing episodes of cellulitis and subsequent 
hospitalizations (92). Unfortunately, with variable cost 
coverage by many insurance providers, many LE patients 
pay significant amounts out-of-pocket per year for LE care. 
Studies indicate that LE patients with moderate to severe 
LE pay over Aus$1,400 for LE care per year (91).

Surgical management

The main goals of various surgical treatments for LE 
are to re-establish channels for lymphatic flow, counter 
its deleterious effect on limb volume, alleviate some of 
the associated emotional distress and decrease the high 
burden of daily self-care procedures such as skin care and 
compression garment use. Those surgical options can be 
broadly classified as: reductive, physiologic and prophylactic 
procedures. Imaging modalities can be leveraged towards 
guiding this decision-making process. Identifying fat-to-
fluid ratios utilizing MR lymphangiography may favor the 
consideration of a reductive versus a physiologic procedure 
as previously discussed. If minimal fat and fibrosis were 
observed, a physiologic procedure may be considered. 
ICG lymphangiography can help decide if sufficient 
patent lymphatic channels for LVA can be visualized or 
if only diffuse stardust pattern ICG uptake is observed, 
a vascularized lymph transfer may be a more reasonable 
option. 

Reductive procedures
Historically, the Charles procedure has been described 
and involves the excisional debulking of affected tissues in 
severe LE patients, including the skin and soft tissues and 
the use of skin grafting (93). However, this approach has 
been plagued with significant wound-healing challenges 
and suboptimal aesthetic results (94,95). More recently, 
liposuction of excess adipose deposition has been gaining 
popularity (96-98). Liposuction techniques for LE are 
continuously evolving with some authors achieving a 
reduction of limb volume to normal (99). Even in patients 
who did not undergo any other surgical intervention for 
LE, an average of 20–23% reduction in volume using 
liposuction can be expected from removing the fibrofatty 
tissue generated from sustained lymphatic fluid stasis (100). 
One of the key advantages of liposuction lies in its inherent 
ability to eliminate the hypertrophied fibrotic adipose 
tissue accumulated in limbs as a result of LE and sustain the 
results for a long duration of time (101).

Generally, reductive procedures such as liposuction 
can be effective even in advanced and severe LE cases 
(ISL stages II and especially stage III) (102). They can be 
especially helpful in cases of significant fibrosis and fatty 
deposition. Liposuction can be an important and effective 
adjunct to the use of compression therapy as studies indicate 
that when comparing the combined use of liposuction and 
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compression therapy to therapy alone in stage II patients, 
this led to a 115% reduction in volume compared to 54% 
of patients who had isolated compression therapy (99). This 
has been especially significant in BCRL where liposuction 
and compression therapy combined reduced arm edema 
volume by 50% more than compression therapy alone (103).  
The effects of liposuction were not only limited to 
volumetric reduction, but also decreased the incidence of 
cellulitis episodes per year (104). 

As in many other contexts, liposuction is considered safe 
with quick recovery within 48 hours (105). However, it is 
not without risks as some authors suggest it may damage 
existing lymphatic channels and further complicate LE 
symptoms (104,106,107). Some authors advocate the 
use of sterile made-to-measure compression garments 
intraoperatively to minimize postoperative swelling (108). 
Tumescent fluid infiltration is also recommended to 
minimize blood loss intraoperatively (109). The continued 
use of compression garments is considered essential to 
maintaining the results of liposuction (99). Liposuction can 
be beneficial as a reductive procedure when the patients are 
found to have significant fatty deposition as it can effectively 
reduce limb volume in LE (106). 

Liposuction can also be combined with LE physiologic 
surgeries. Performing liposuction after a physiologic 
procedure such as LVA, has been demonstrated to improve 
the reduction in lower limb volume without damaging 
existing lymphatic vessels (110). On the other hand, 
liposuction followed by another physiologic procedure 
known as VLNT at 11 and 22 months achieved 75% and 
90% long-term volume reductions in two patients with 
upper extremity LE (111). The reverse sequence of has also 
demonstrated encouraging results, where liposuction, was 
performed as a second stage 6–8 months after VLNT (112).  
The main rationale in performing liposuction first in 
these studies was to remove some of solid fibrotic tissue 
that accumulated due to LE that may not be addressed 
by VLNT. This staged approach also allows for the 
postoperative swelling to subside. The gradual reduction in 
swelling post-liposuction could take about 6 to 12 months 
to reach a “steady state”. VLNT can be performed after 
reaching this stage. 

Physiologic procedures
Physiological procedures aim to restore and reconstruct the 
physiologic drainage of the lymphatic system. Numerous 
strategies have been described to achieve this elusive goal 
including direct repair of lymphatics, LVA, and VLNT. 

These procedures are most effective in the management of 
the earlier stages of LE (113). 
Vascularized lymph node transfer
VLNT involves the harvest and transfer of functional 
lymph nodes from a healthy donor site to a limb affected 
by LE (114,115). The precise mechanisms through which 
VLNT are thought to be effective remain a subject of 
debate. Two theories are commonly postulated. The first 
suggests that newly transplanted LNs act as a new area of 
low pressure, preferentially draining lymphatic fluid and 
transferring it to the venous system analogous to a vacuum-
like pump. The second theory suggests that VLNT may 
stimulate lymphangiogenesis through endothelial growth 
factor-C secretion from the transplanted lymph nodes 
thereby creating new channels for lymph drainage (116,117). 

VLNT can be offered to patients optimized with 
conservative therapy who are compliant with daily wearing 
of a compression garment of adequate compression class 
for at least 3 months (118). Advanced stage LE (MDACC 
stage III/IV) can also be an indication for VLNT. No acute 
cellulitis or local malignant recurrence is also considered a 
prerequisite. Harvesting from previously dissected LNs or 
radiated areas should be avoided due to potential scarring 
of vessels and lymph nodes. Patients with advanced LE may 
benefit from adjunctive liposuction or a later debulking 
procedure once the fibrosis softens. 

The optimal donor site remains a persistent question 
and as a result, many donor sites continue to be utilized 
with success and surgeon preference appears to be a guiding 
factor (38,119). Common donor sites include: the submental 
region, supraclavicular region, inguinal region, thoracodorsal 
axis, and omentum. Recipient site location considerations 
are also important where proximal scars, constriction 
points, bulkiness, and final aesthetic appearance should be 
considered. Some of the common recipient sites for the 
upper and lower extremities are summarized in (Table 4)  
(120,121). The distribution of the dermal backflow on ICG 
can aid in the decision for VLNT flap placement (122). 
When dermal backflow indicates a predominantly affected 
upper arm or thigh, proximal anatomical (orthotopic) VLNT 
can be performed. However, when the dermal backflow 
is found to be mainly concentrated distally in a gravity 
dependent distribution, distal non-anatomical (heterotopic) 
VLNT can be performed to the forearm or lower leg. ICG 
also plays a vital role in identifying obstructed lymphatic 
vessels, where a LVA can be performed at the same time of 
VLNT if suitable targets for LVA are identified. 

Among the most notable donor sites for VLNTs are 
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the gastroepiploic lymph node flaps either laparoscopically 
or utilizing an open approach (123). Manrique et al. 
demonstrated that a minimally invasive approach utilizing 
laparoscopy for harvesting gastroepiploic lymph node flaps 
can be efficient, cause less postoperative pain and lead to 
higher patient satisfaction (123).

VLNT is not without risks, and paramount amongst 
those risks is donor site morbidity. In an effort to minimize 
the donor site risk of developing LE, intraabdominal 
harvested VLNT has been proposed (124). The omentum is 
emerging as an appealing ideal donor for VLNT; however, 
its utilization has been historically limited by concerns 
related to the need for laparotomy (125,126). Laparoscopic 
techniques for omental flap harvest have further popularized 
its use and more recently robotic harvest has been introduced 
offering a shorter hospital stay, less estimated blood loss, and 
decreased postoperative complications in intra-abdominal 
procedures utilizing the surgical robot (127-130).

Compared to conservative management alone, there is 
a growing body of evidence confirming the encouraging 
outcomes of VLNT (122,131). Studies indicate an average 
volume reduction of 47% as a result of VLNT (132). 
Prospective data also confirm these findings indicating 
that at 24 months postoperatively, there were significant 
reductions in limb volume of up to 45% coupled with a 
statistically significant decrease in cellulitis episodes and an 
in the LLIS score (133). 

VLNT have been reported to significantly reduce the 
number of episodes of cellulitis with lower donor site 
risks (124). Postoperatively, at our institution after VLNT 
procedures for the upper extremity, patients are typically 
instructed to limit shoulder abduction to 45 degrees and 
avoid lifting more than 5 lbs. For lower extremity VLNTs, 
patients are instructed to avoid weight-bearing on the 

operated extremity for 2 weeks. Compression stockings and 
wrapping can be resumed 1 week postoperatively for upper 
extremity VLNTs and after 2 weeks for lower extremity 
VLNTs. MLD and massages can also be resumed 2 weeks 
postoperatively for both. Patients can expect follow-ups and 
measurements at 1 week, 3 months, 6 months, 1 year and 
then annually after VLNTs. 
Lymphatico-venous anastomosis
LVA is another physiological approach that is gaining 
popularity. The introduction of super microsurgical 
techniques have allowed LVA to continuously evolve 
(134,135).  This physiologic approach involves an 
anastomosis connecting the distal lymphatic vessels ranging 
from 0.3 to 0.8 mm in diameter to veins proximal to the 
obstruction (136). ICG lymphangiography can be utilized 
to accurately identify functional lymphatic channels along 
with blue dye and can also evaluate the patency of the 
anastomoses intraoperatively (137). As a physiologic LE 
surgery, LVAs are thought to be most effective at the early 
stages of LE before the fibrotic destruction of lymphatic 
vessels (134,138).

Recent studies highlighted that LVA can prevent the 
progression of LE when compared to conservative therapy 
alone (139). Furthermore, Mihara et al. (136) evaluated 
cellulitis episodes in a cohort of 95 patients and found a 
statistically significant decrease in the episodes of cellulitis 
in patients with upper or lower limb LE before and 
after LVAs. Furthermore, studies have demonstrated an 
approximately 35 to 50 percent reduction in either extremity 
circumference or volume with mean follow-up periods 
greater than 1 year with LVAs (135,140,141). Chang et al. in 
a prospective analysis of 100 consecutive cases reported that 
96% of patients reported a subjective improvement in their 
symptoms, and the mean volume reduction at 12 months 

Table 4 Common recipient sites for vascularized lymph node flap transfer

Recipient sites Site Recipient artery Recipient vein

Upper extremity Axilla Subscapular; circumflex scapular; thoracodorsal; lateral thoracic; 
circumflex humeral

Comitant

Elbow Inferior ulnar collateral; anterior ulnar recurrent Comitant; basilic

Wrist Dorsal branch of radial; ulnar Comitant; cephalic

Lower extremity Groin Superficial inferior epigastric; superficial circumflex iliac; deep 
inferior epigastric

Comitant

Knee Medial sural; descending genicular Comitant; great saphenous

Ankle Anterior tibial; posterior tibial Comitant; greater or lesser saphenous
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was 42%. A smaller subset of patients was followed for  
3 years, and their mean volume reduction remained at 38%, 
indicating sustained long-term improvements. As expected, 
the authors showed that LVAs produced superior results in 
patients with early-stage LE compared with patients with 
more advanced LE. 

Debate remains active surrounding the ideal number 
of anastomoses to be performed to achieve maximal 
effectiveness in LVA (142). Koshima et al. initially advocated 
performing as many anastomoses as possible reaching up 
to 10 LVAs for the upper extremity (140). Mihara et al. 
reported a positive correlation between volume reduction 
and number of LVAs (143). However, these results may be 
confounded by the heterogeneity of patient populations as 
more LVAs can be feasible in patients with early-stage LE. 
As LVA techniques continue to evolve, favorable results 
are reported with significantly less anastomoses. Campisi 
et al. reported performing an average of 2.1 (±1.2) LVAs in 
stage III and IV LE of the lower extremities and achieving 
a 41.8% reduction in limb circumference at 14.5 months 
follow-up (144). The authors postulate that the preserved 
efficacy despite the decreased number of anastomoses 
performed relates to LVAs ability to disrupt the cycle of 
lymphatic hypertension, smooth muscle cell degeneration 
within lymphatic channels and that one well-executed LVA 
may be sufficient to break the vicious cycle. This coincides 
with the increasing adoption of a more minimally invasive 
approach in performing LVAs under local anesthesia with as 
few as 2 LVAs reported to lead to satisfactory results (145).

Due to the lack of RCTs comparing outcomes of LVA 
versus VLNT, the decision between VLNT versus LVA 
depends largely on patient factors, with most patients opting 
to undergo LVA due to better cosmesis, however, LVA 
requires available patent lymphatics for the anastomosis to 
be performed and if that is not present, the patient may still 
be a candidate for a VLNT (146). 

Long-term patient compliance is a strong predictor of 
success as the attainment of satisfactory outcomes post-
physiologic LE surgeries requires continued adherence 
to CDT. Patients are counseled that regardless of the 
success of the above-mentioned procedures, they may 
need to continue with therapy as a lifelong approach. 
Postoperatively, at our institution patients are instructed 
to avoid pressure on the incisions, and avoid lifting heavy 
objects (>5 lbs) for 2 weeks. Patients will not have LE 
therapy appointments during the early postoperative period 
(first 2 weeks) but will be instructed to resume compression 
therapy and massages around 2 weeks postoperatively. 

During the initial physiotherapy sessions, it is emphasized 
that no direct pressure or massages should be attempted 
over incisions. At 3–4 weeks postoperatively, activity related 
restrictions can be lifted. Patients can expect a follow-up 
pattern similar to previously described for VLNTs. 

In light of currently available data, it is reasonable to 
offer patients with no or minimal fibrotic skin changes, and 
no or small amounts of fibrotic tissue a trial of physiological 
techniques (LVA or VLNT) as a first option in the affected 
limb. Subsequent reductive techniques such as liposuction 
can be offered as a second option to further reduce volume 
by removing fibrofatty tissue more effectively. 

Prophylactic procedures
As long-term survival for many cancer patients continues 
to improve, the risk of LE continues to persist. Despite 
significant breakthroughs in microsurgical approaches for 
LE surgery, none has been demonstrated to be definitively 
curative. As a result, the concepts of lymphatic microsurgical 
preventive healing approach (LYMPHA) or immediate 
lymphatic reconstruction (ILR) are gaining traction and 
popularity. Historically, physiologic LE surgeries have been 
reserved for patients who have already been diagnosed with 
LE. However, a growing number of studies demonstrate 
encouraging results and suggest that preventive LE surgery 
may be effective in preventing LE onset across multiple 
solid malignancies including breast cancer, melanoma and 
gynecologic cancers (147-150).

ILR was introduced by Boccardo et al. in their seminal 
study published in 2009 (148). At the 4-year follow-up mark, 
4% of their high-risk patients who underwent axillary LND, 
and radiotherapy developed LE as a result of the utilization 
of ILR (151). Similarly, Feldman et al. reported a 12.5% LE 
rate after axillary LND after ILR at a mean follow-up of 6 
months, compared with their historical rate of 30.6% (147). 
Retrospective data from Cook et al. were also encouraging, 
with a rate of LE in their series reported to be 9.1% after the 
adoption of ILR, which was also an improvement from their 
historical rates of LE (152). Another retrospective review, 
demonstrated the effectiveness of ILR in high-risk patients 
with an overall LE incidence rate of 3.1% (150). Johnson 
et al. highlighted the effectiveness of ILR in a high-risk 
patient cohort with an overall LE rate of 3.1%. However, 
the retrospective nature of these studies, the variation 
in the criteria used to diagnose LE, the heterogeneity of 
measurement modalities used, and varying follow-up periods 
are significant limitations. Furthermore, prophylactic 
approaches are not broadly adopted partially because 
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patients who undergo LND do not always develop LE. 
As more data on ILR is becoming available, an increasing 

number of meta-analyses are reporting pooled outcomes 
for this emerging approach. A recent systematic review 
concluded that the weighted proportion of patients 
who developed LE after ILR was 6.6%, and found to 
be significantly lower than those without lymphatic 
reconstruction at 30.5% (153). This was corroborated 
by a recent meta-analysis concluding that only 2.7% of 
patients developed LE after ALND with ILR (154). These 
encouraging improvements in LE incidence, coupled with 
the high risk of developing the permanent and disabling 
consequences of LE, have resulted in an increased interest 
in ILR.

Proponents of ILR also highlight its relatively short 
procedural time—despite its technical complexity—and cost 
effectiveness. The cost-effectiveness of ILR after axillary 
LND ± radiation was evaluated and found to be the most 
cost-effective surgical option compared with axillary LND 
± radiation without ILR for node-positive breast cancer 
patients (150). Furthermore, from a cost-utility perspective, 
the added costs of ILR were deemed to be justified (155). 

Recent data from Coriddi et al. were also encouraging 
and indicate a transient LE rate in their high-risk cohort of 
patients to be 12.5%. As more studies publish their results, 
early experiences with ILR indicate that it can be a feasible, 
safe, and effective approach for the primary prevention of 
BCRL (156). The benefits of ILR may not be limited to the 
prevention of BCRL, as Morotti et al. described ILR for 
12 lower extremities following inguinal LND and reported 
a LE rate of 8.3% (157). Decreases in LE incidence were 
also reported with ILR post-intrapelvic LND and inguinal 
LND (149,158). While these results are promising, studies 
with longer term follow-up and a larger number of patients 
are needed to draw definitive conclusions. Studies focused 
on tailored ILR procedures for specific patient populations 
and comorbidities may better elucidate the benefits of ILR 
in preventing LE in cancer patients. 

ILR as a concept is not limited to BCRL, as Cakmakoglu 
et al. demonstrated in their prospective cohort of 22 upper 
and lower extremity melanoma patients involving axillary 
and inguinal LNDs, respectively. They demonstrate the 
technical feasibility of performing successful LVAs (1.8 
LVAs average per patient) post-axillary or inguinal LND 
in the context of melanoma excision (149). However, key 
concerns regarding the potential systematic spreading of 
residual disease must be carefully weighed and addressed 
especially in the context of occult LN disease. This 

study included patients that were deemed to have a 
systemic pathology with significant LN disease (bulky and 
palpable LNs) and the surgical excisions were intended to 
improve QoL and not intended to be curative or aimed at 
improving oncological outcomes. This question regarding 
the oncologic safety of ILR post-cutaneous malignancy 
excision and LND will require further prospective studies 
could potentially be addressed by the upcoming LYMbR 
trial (Prophylactic LYMphatic Reconstruction to Prevent 
Lymphedema After Node Dissection for Cutaneous 
Malignancies; NCT05136079) (159). 

After ILR procedures with LVAs patients are encouraged 
to avoid direct pressure and scrubbing over incisions and 
avoid lifting substantial weights (>5 lbs) in the first 2 weeks 
postoperatively. Close communication with physiotherapy is 
essential to communicate activity related restrictions in the 
first 2 weeks postoperatively. Most restrictions can be lifted 
after 3–4 weeks. In contrast to delayed LE reconstruction, 
patients undergoing ILR do no need to be on compression 
therapy or massages after undergoing ILR.

Despite significant data highlighting the potential of 
prophylactic lymphatic procedures, recent outcome studies 
further highlight the need for further long-term prospective 
data. Levy et al. shed some light on the 4-year outcomes of 
LYMPHA (160). In their retrospective review, they conclude 
that LYMPHA may not prevent LE development in patients 
undergoing axillary LND. However, they acknowledge a 
number of limitations related to the retrospective nature 
of their study and small sample size (45 patients). They 
also acknowledge the need for further long-term studies. 
This is contrasted by the findings from Herremans et al. 
in their 5-year retrospective review of 132 patients (161). 
In their study the diagnosis of LE was made by certified 
LE therapists in contrast to other LYMPHA studies. They 
conclude that patients who underwent LYMPHA at the time 
of axillary LND were significantly less likely to develop LE. 
Another study included a total of 380 patients with a median 
follow up time of 15 months concluded that the LYMPHA 
cohort had a significantly lower rate of LE both in univariate 
and multivariate analysis (162).

Despite the demonstrated effectiveness of various 
physiologic procedures in LE management, 48% of US-based 
healthcare insurance providers had a statement of coverage 
on LVA or VLNT, in which reimbursement was almost 
universally denied. Liposuction and debulking procedures 
were included in 43% and 22% of policies, respectively. 
However, over 75% of insurance providers imposed 
strict criteria for liposuction in LE management (163).  
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This can be a significant barrier to treatment for many LE 
patients and may ultimately lead significant financial toxicity 
as a result of these healthcare insurance policies. 

Conclusions

The growing interest in LE surgery will continue to push 
the boundaries and will propel many new novel ideas 
closer to broader adoption. All the increased interest 
and accumulated experience offer unique opportunities 
to broaden the base of knowledge pertaining to LE 
surgery as large multi-center trials remain limited. There 
remains a need to evaluate lymphatic surgery in different 
patient cohorts with different co-morbidities, and its 
cost-effectiveness in various settings, and we await with 
eager anticipation the results of the many RCTs currently 
underway including the Memorial Sloan Kettering Cancer 
Center RCT (NCT0424134) and the Stanford University 
RCT (NCT05366699) on ILR post-ALND (164,165). 

The  overa l l  consensus  on  the  impor tance  o f 
multidisciplinary care for LE will remain a cornerstone in 
LE management. Patient-centered outcomes will continue 
to guide the cross-examination of LE surgery and more 
prospective data will help to advance the efficacy of these 
surgical techniques and hopefully help to reduce the 
substantial burden that LE imposes on patients.

Acknowledgments

Funding: None.

Footnote

Provenance and Peer Review: This article was commissioned 
by the Editorial Office, Annals of Translational Medicine 
for the series “The Modern Plastic and Reconstructive 
Surgeon – Collaborator, Innovator, Leader”. The article has 
undergone external peer review.

Peer Review File: Available at https://atm.amegroups.com/
article/view/10.21037/atm-23-132/prf

Conflicts of Interest: All authors have completed the ICMJE 
uniform disclosure form (available at https://atm.amegroups.
com/article/view/10.21037/atm-23-132/coif). The series 
“The Modern Plastic and Reconstructive Surgeon – 
Collaborator, Innovator, Leader” was commissioned by the 
editorial office without any funding or sponsorship. J.I.E. 

served as the unpaid Guest Editor of the special series. The 
authors have no other conflicts of interest to declare.

Ethical Statement: The authors are accountable for all 
aspects of the work in ensuring that questions related 
to the accuracy or integrity of any part of the work are 
appropriately investigated and resolved.

Open Access Statement: This is an Open Access article 
distributed in accordance with the Creative Commons 
Attribution-NonCommercial-NoDerivs 4.0 International 
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with 
the strict proviso that no changes or edits are made and the 
original work is properly cited (including links to both the 
formal publication through the relevant DOI and the license). 
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Warren AG, Brorson H, Borud LJ, et al. Lymphedema: a 
comprehensive review. Ann Plast Surg 2007;59:464-72.

2. Rockson SG. Lymphedema. Am J Med 2001;110:288-95.
3. Rockson SG, Rivera KK. Estimating the population burden 

of lymphedema. Ann N Y Acad Sci 2008;1131:147-54.
4. Grada AA, Phillips TJ. Lymphedema: Pathophysiology 

and clinical manifestations. J Am Acad Dermatol 
2017;77:1009-20.

5. Moffatt CJ, Franks PJ, Doherty DC, et al. Lymphoedema: 
an underestimated health problem. QJM 2003;96:731-8.

6. Dayan JH, Ly CL, Kataru RP, et al. Lymphedema: 
Pathogenesis and Novel Therapies. Annu Rev Med 
2018;69:263-76.

7. Voss RK, Cromwell KD, Chiang YJ, et al. The long-term 
risk of upper-extremity lymphedema is two-fold higher in 
breast cancer patients than in melanoma patients. J Surg 
Oncol 2015;112:834-40.

8. Clinckaert A, Callens K, Cooreman A, et al. The 
Prevalence of Lower Limb and Genital Lymphedema after 
Prostate Cancer Treatment: A Systematic Review. Cancers 
(Basel) 2022;14:5667.

9. DiSipio T, Rye S, Newman B, et al. Incidence of unilateral 
arm lymphoedema after breast cancer: a systematic review 
and meta-analysis. Lancet Oncol 2013;14:500-15.

10. Rockson SG. Lymphedema after Breast Cancer Treatment. 
N Engl J Med 2018;379:1937-44.

11. Beesley V, Janda M, Eakin E, et al. Lymphedema after 
gynecological cancer treatment: prevalence, correlates, and 

https://atm.amegroups.com/article/view/10.21037/atm-23-132/prf
https://atm.amegroups.com/article/view/10.21037/atm-23-132/prf
https://atm.amegroups.com/article/view/10.21037/atm-23-132/coif
https://atm.amegroups.com/article/view/10.21037/atm-23-132/coif
https://creativecommons.org/licenses/by-nc-nd/4.0/


Almadani et al. Surgical treatments for lymphedemaPage 12 of 17

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2024;12(1):8 | https://dx.doi.org/10.21037/atm-23-132

supportive care needs. Cancer 2007;109:2607-14.
12. Cormier JN, Askew RL, Mungovan KS, et al. 

Lymphedema beyond breast cancer: a systematic 
review and meta-analysis of cancer-related secondary 
lymphedema. Cancer 2010;116:5138-49.

13. Hyngstrom JR, Chiang YJ, Cromwell KD, et al. 
Prospective assessment of lymphedema incidence and 
lymphedema-associated symptoms following lymph node 
surgery for melanoma. Melanoma Res 2013;23:290-7.

14. Gärtner R, Mejdahl MK, Andersen KG, et al. Development 
in self-reported arm-lymphedema in Danish women treated 
for early-stage breast cancer in 2005 and 2006--a nationwide 
follow-up study. Breast 2014;23:445-52.

15. Petrek JA, Senie RT, Peters M, et al. Lymphedema in 
a cohort of breast carcinoma survivors 20 years after 
diagnosis. Cancer 2001;92:1368-77.

16. McLaughlin SA, Wright MJ, Morris KT, et al. Prevalence 
of lymphedema in women with breast cancer 5 years after 
sentinel lymph node biopsy or axillary dissection: objective 
measurements. J Clin Oncol 2008;26:5213-9.

17. Yen TW, Fan X, Sparapani R, et al. A contemporary, 
population-based study of lymphedema risk factors 
in older women with breast cancer. Ann Surg Oncol 
2009;16:979-88.

18. Lee BB, Kim YW, Seo JM, et al. Current concepts 
in lymphatic malformation. Vasc Endovascular Surg 
2005;39:67-81.

19. Saliba NS, Sawyer KC, Sawyer RB, et al. Lymphedema 
praecox. Arch Surg 1963;86:918-26.

20. Connell FC, Gordon K, Brice G, et al. The classification 
and diagnostic algorithm for primary lymphatic dysplasia: 
an update from 2010 to include molecular findings. Clin 
Genet 2013;84:303-14.

21. Kinmonth JB, Taylor GW, Tracy GD, et al. Primary 
lymphoedema; clinical and lymphangiographic studies 
of a series of 107 patients in which the lower limbs were 
affected. Br J Surg 1957;45:1-9.

22. Tan C, Wilson CM. Clinical Outcomes After Physical 
Therapy Treatment for Secondary Lymphedema After 
Breast Cancer. Cureus 2019;11:e4779.

23. Taylor MJ. A new insight into the pathogenesis of filarial 
disease. Curr Mol Med 2002;2:299-302.

24. The World health organization. [accessed Dec 31st, 2022]. 
Available online: https://www.who.int/news-room/fact-
sheets/detail/lymphatic-filariasis 

25. Lee BB, Laredo J, Lee TS, et al. Terminology and 
classification of congenital vascular malformations. 
Phlebology 2007;22:249-52.

26. Lee BB, Andrade M, Antignani PL, et al. Diagnosis and 
treatment of primary lymphedema. Consensus document 
of the International Union of Phlebology (IUP)-2013. Int 
Angiol 2013;32:541-74.

27. Zampell JC, Aschen S, Weitman ES, et al. Regulation of 
adipogenesis by lymphatic fluid stasis: part I. Adipogenesis, 
fibrosis, and inflammation. Plast Reconstr Surg 
2012;129:825-34.

28. Mortimer PS, Rockson SG. New developments in clinical 
aspects of lymphatic disease. J Clin Invest 2014;124:915-21.

29. Levick JR, Michel CC. Microvascular fluid exchange 
and the revised Starling principle. Cardiovasc Res 
2010;87:198-210.

30. Rockson SG. Lymphatics: where the circulation meets the 
immune system. Lymphat Res Biol 2013;11:115.

31. Rockson SG. Physiology, Pathophysiology, and 
Lymphodynamics: General Overview. Lymphedema. 
2011:59-61.

32. Olszewski WL, Engeset A, Sokolowski J. Lymph flow and 
protein in the normal male leg during lying, getting up, 
and walking. Lymphology 1977;10:178-83.

33. Olszewski WL. Contractility patterns of human leg 
lymphatics in various stages of obstructive lymphedema. 
Ann N Y Acad Sci 2008;1131:110-8.

34. Koshima I, Kawada S, Moriguchi T, et al. Ultrastructural 
observations of lymphatic vessels in lymphedema in 
human extremities. Plast Reconstr Surg 1996;97:397-405; 
discussion 406-7.

35. Olszewski WL. Episodic dermatolymphangioadenitis (DLA) 
in patients with lymphedema of the lower extremities 
before and after administration of benzathine penicillin: a 
preliminary study. Lymphology 1996;29:126-31.

36. Suami H, Taylor GI, Pan WR. The lymphatic territories of 
the upper limb: anatomical study and clinical implications. 
Plast Reconstr Surg 2007;119:1813-22.

37. Bräutigam P, Földi E, Schaiper I, et al. Analysis of 
lymphatic drainage in various forms of leg edema using 
two compartment lymphoscintigraphy. Lymphology 
1998;31:43-55.

38. Cheng MH, Huang JJ, Wu CW, et al. The mechanism 
of vascularized lymph node transfer for lymphedema: 
natural lymphaticovenous drainage. Plast Reconstr Surg 
2014;133:192e-198e.

39. Kariya S, Komemushi A, Nakatani M, et al. Intranodal 
lymphangiogram: technical aspects and findings. 
Cardiovasc Intervent Radiol 2014;37:1606-10.

40. Taghian NR, Miller CL, Jammallo LS, et al. Lymphedema 
following breast cancer treatment and impact on quality of 



Annals of Translational Medicine, Vol 12, No 1 February 2024 Page 13 of 17

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2024;12(1):8 | https://dx.doi.org/10.21037/atm-23-132

life: a review. Crit Rev Oncol Hematol 2014;92:227-34.
41. Pusic AL, Cemal Y, Albornoz C, et al. Quality of life 

among breast cancer patients with lymphedema: a 
systematic review of patient-reported outcome instruments 
and outcomes. J Cancer Surviv 2013;7:83-92.

42. Kim SJ, Park YD. Effects of complex decongestive 
physiotherapy on the oedema and the quality of life 
of lower unilateral lymphoedema following treatment 
for gynecological cancer. Eur J Cancer Care (Engl) 
2008;17:463-8.

43. Bell RJ, Robinson PJ, Barallon R, et al. Lymphedema: 
experience of a cohort of women with breast cancer 
followed for 4 years after diagnosis in Victoria, Australia. 
Support Care Cancer 2013;21:2017-24.

44. van de Pas CB, Biemans AA, Boonen RS, et al. 
Validation of the Lymphoedema Quality-of-Life 
Questionnaire (LYMQOL) in Dutch Patients Diagnosed 
with Lymphoedema of the Lower Limbs. Phlebology 
2016;31:257-63.

45. Coriddi M, Dayan J, Sobti N, et al. Systematic Review of 
Patient-Reported Outcomes following Surgical Treatment 
of Lymphedema. Cancers (Basel) 2020;12:565.

46. Manrique OJ, Bustos SS, Ciudad P, et al. Overview of 
Lymphedema for Physicians and Other Clinicians: A 
Review of Fundamental Concepts. Mayo Clin Proc 
2022;97:1920-35.

47. Ahmed RL, Schmitz KH, Prizment AE, et al. Risk 
factors for lymphedema in breast cancer survivors, the 
Iowa Women's Health Study. Breast Cancer Res Treat 
2011;130:981-91.

48. Ridner SH, Dietrich MS, Stewart BR, et al. Body mass 
index and breast cancer treatment-related lymphedema. 
Support Care Cancer 2011;19:853-7.

49. Kwan ML, Darbinian J, Schmitz KH, et al. Risk factors for 
lymphedema in a prospective breast cancer survivorship 
study: the Pathways Study. Arch Surg 2010;145:1055-63.

50. Paskett ED, Naughton MJ, McCoy TP, et al. The 
epidemiology of arm and hand swelling in premenopausal 
breast cancer survivors. Cancer Epidemiol Biomarkers 
Prev 2007;16:775-82.

51. Sakorafas GH, Peros G, Cataliotti L, et al. Lymphedema 
following axillary lymph node dissection for breast cancer. 
Surg Oncol 2006;15:153-65.

52. Norman SA, Localio AR, Kallan MJ, et al. Risk factors 
for lymphedema after breast cancer treatment. Cancer 
Epidemiol Biomarkers Prev 2010;19:2734-46.

53. Helyer LK, Varnic M, Le LW, et al. Obesity is a risk factor 
for developing postoperative lymphedema in breast cancer 

patients. Breast J 2010;16:48-54.
54. Arié A, Yamamoto T. Lymphedema secondary to 

melanoma treatments: diagnosis, evaluation, and 
treatments. Glob Health Med 2020;2:227-34.

55. Mathew J, Barthelmes L, Neminathan S, et al. 
Comparative study of lymphoedema with axillary node 
dissection versus axillary node sampling with radiotherapy 
in patients undergoing breast conservation surgery. Eur J 
Surg Oncol 2006;32:729-32.

56. Gjorup CA, Hendel HW, Zerahn B, et al. Volume and 
Tissue Composition Changes Measured with Dual-Energy 
X-Ray Absorptiometry in Melanoma-Related Limb 
Lymphedema. Lymphat Res Biol 2017;15:274-83.

57. Allam O, Park KE, Chandler L, et al. The impact of 
radiation on lymphedema: a review of the literature. Gland 
Surg 2020;9:596-602.

58. Gould N, Kamelle S, Tillmanns T, et al. Predictors of 
complications after inguinal lymphadenectomy. Gynecol 
Oncol 2001;82:329-32.

59. Johnson AR, Kimball S, Epstein S, et al. Lymphedema 
Incidence After Axillary Lymph Node Dissection: 
Quantifying the Impact of Radiation and the Lymphatic 
Microsurgical Preventive Healing Approach. Ann Plast 
Surg 2019;82:S234-41.

60. Finegold DN, Baty CJ, Knickelbein KZ, et al. Connexin 
47 mutations increase risk for secondary lymphedema 
following breast cancer treatment. Clin Cancer Res 
2012;18:2382-90.

61. Finegold DN, Schacht V, Kimak MA, et al. HGF and 
MET mutations in primary and secondary lymphedema. 
Lymphat Res Biol 2008;6:65-8.

62. Miaskowski C, Dodd M, Paul SM, et al. Lymphatic and 
angiogenic candidate genes predict the development of 
secondary lymphedema following breast cancer surgery. 
PLoS One 2013;8:e60164.

63. Bloomfield FH, Hadden W, Gunn TR. Lymphatic 
dysplasia in a neonate with Noonan's syndrome. Pediatr 
Radiol 1997;27:321-3.

64. Atton G, Gordon K, Brice G, et al. The lymphatic 
phenotype in Turner syndrome: an evaluation of 
nineteen patients and literature review. Eur J Hum Genet 
2015;23:1634-9.

65. Mortimer PS, Gordon K, Brice G, et al. Hereditary and 
Familial Lymphedemas. In: Lee BB, Rockson SG, Bergan J, 
editors. Lymphedema: A Concise Compendium of Theory 
and Practice. Cham: Springer International Publishing; 
2018:29-43.

66. Suami H, Koelmeyer L, Mackie H, et al. Patterns of 



Almadani et al. Surgical treatments for lymphedemaPage 14 of 17

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2024;12(1):8 | https://dx.doi.org/10.21037/atm-23-132

lymphatic drainage after axillary node dissection impact 
arm lymphoedema severity: A review of animal and clinical 
imaging studies. Surg Oncol 2018;27:743-50.

67. Tashiro K, Yamashita S, Koshima I, et al. Visualization 
of Accessory Lymphatic Pathways in Secondary Upper 
Extremity Lymphedema Using Indocyanine Green 
Lymphography. Ann Plast Surg 2017;79:393-6.

68. Friedman R, Bustos VP, Pardo J, et al. Superficial and 
functional imaging of the tricipital lymphatic pathway: 
a modern reintroduction. Breast Cancer Res Treat 
2023;197:235-42.

69. The Diagnosis and Treatment of Peripheral Lymphedema: 
2016 Consensus Document of the International Society of 
Lymphology. Lymphology 2016;49:170-84.

70. Mihara M, Hara H, Hayashi Y, et al. Pathological steps of 
cancer-related lymphedema: histological changes in the 
collecting lymphatic vessels after lymphadenectomy. PLoS 
One 2012;7:e41126. Erratum in: PLoS One. 2013;8(5).

71. 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.

72. Zaleska MT, Olszewski WL. Imaging lymphatics in 
human normal and lymphedema limbs-Usefulness of 
various modalities for evaluation of lymph and edema 
fluid flow pathways and dynamics. J Biophotonics 
2018;11:e201700132.

73. Lohrmann C, Felmerer G, Foeldi E, et al. MR 
lymphangiography for the assessment of the lymphatic 
system in patients undergoing microsurgical 
reconstructions of lymphatic vessels. Microvasc Res 
2008;76:42-5.

74. Yamamoto T. Near-Infrared Fluorescent Lymphography. 
In: Lee BB, Rockson SG, Bergan J, editors. Lymphedema: 
A Concise Compendium of Theory and Practice. Cham: 
Springer International Publishing; 2018:345-55.

75. Matter D, Grosshans E, Muller J, et al. Sonographic 
imaging of lymphatic vessels compared to other methods. J 
Radiol 2002;83:599-609.

76. Visconti G, Yamamoto T, Hayashi N, et al. Ultrasound-
Assisted Lymphaticovenular Anastomosis for the 
Treatment of Peripheral Lymphedema. Plast Reconstr 
Surg 2017;139:1380e-1381e.

77. Dayan JH, Dayan E, Smith ML. Reverse lymphatic 
mapping: a new technique for maximizing safety in 
vascularized lymph node transfer. Plast Reconstr Surg 
2015;135:277-85.

78. Broyles JM, Smith JM, Wong FC, et al. Single-Photon 

Emission Computed Tomographic Reverse Lymphatic 
Mapping for Groin Vascularized Lymph Node Transplant 
Planning. Plast Reconstr Surg 2022;150:869e-879e.

79. Liu N. MR Lymphangiography. In: Lee BB, Rockson SG, 
Bergan J, editors. Lymphedema: A Concise Compendium 
of Theory and Practice. Cham: Springer International 
Publishing; 2018:357-65.

80. Dayan JH, Wiser I, Verma R, et al. Regional Patterns 
of Fluid and Fat Accumulation in Patients with Lower 
Extremity Lymphedema Using Magnetic Resonance 
Angiography. Plast Reconstr Surg 2020;145:555-63.

81. Patel KM, Manrique O, Sosin M, et al. Lymphatic 
mapping and lymphedema surgery in the breast cancer 
patient. Gland Surg 2015;4:244-56.

82. Koshima I, Narushima M, Yamamoto Y, et al. Recent 
advancement on surgical treatments for lymphedema. Ann 
Vasc Dis 2012;5:409-15.

83. Zasadzka E, Trzmiel T, Kleczewska M, et al. Comparison 
of the effectiveness of complex decongestive therapy 
and compression bandaging as a method of treatment 
of lymphedema in the elderly. Clin Interv Aging 
2018;13:929-34.

84. Noh S, Hwang JH, Yoon TH, et al. Limb Differences 
in the Therapeutic Effects of Complex Decongestive 
Therapy on Edema, Quality of Life, and Satisfaction in 
Lymphedema Patients. Ann Rehabil Med 2015;39:347-59.

85. Lasinski BB, McKillip Thrift K, Squire D, et al. 
A systematic review of the evidence for complete 
decongestive therapy in the treatment of lymphedema 
from 2004 to 2011. PM R 2012;4:580-601.

86. Thompson B, Gaitatzis K, Janse de Jonge X, et al. 
Manual lymphatic drainage treatment for lymphedema: 
a systematic review of the literature. J Cancer Surviv 
2021;15:244-58.

87. Liang M, Chen Q, Peng K, et al. Manual lymphatic 
drainage for lymphedema in patients after breast 
cancer surgery: A systematic review and meta-analysis 
of randomized controlled trials. Medicine (Baltimore) 
2020;99:e23192.

88. Tzani I, Tsichlaki M, Zerva E, et al. Physiotherapeutic 
rehabilitation of lymphedema: state-of-the-art. 
Lymphology 2018;51:1-12.

89. Ko DS, Lerner R, Klose G, et al. Effective treatment of 
lymphedema of the extremities. Arch Surg 1998;133:452-8.

90. Morgan RG, Casley-Smith JR, Mason MR, et al. Complex 
physical therapy for the lymphoedematous arm. J Hand 
Surg Br 1992;17:437-41.

91. Boyages J, Xu Y, Kalfa S, et al. Financial cost of 



Annals of Translational Medicine, Vol 12, No 1 February 2024 Page 15 of 17

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2024;12(1):8 | https://dx.doi.org/10.21037/atm-23-132

lymphedema borne by women with breast cancer. 
Psychooncology 2017;26:849-55.

92. Webb E, Bissett B, Neeman T, et al. Compression 
Therapy Is Cost-Saving in the Prevention of Lower Limb 
Recurrent Cellulitis in Patients with Chronic Edema. 
Lymphat Res Biol 2023;21:160-8.

93. Kobayashi MR, Miller TA. Lymphedema. Clin Plast Surg 
1987;14:303-13.

94. Mavili ME, Naldoken S, Safak T. Modified Charles 
operation for primary fibrosclerotic lymphedema. 
Lymphology 1994;27:14-20.

95. Miller TA. Charles procedure for lymphedema: a warning. 
Am J Surg 1980;139:290-2.

96. Nava VM, Lawrence WT. Liposuction on a 
lymphedematous arm. Ann Plast Surg 1988;21:366-8.

97. Sando WC, Nahai F. Suction lipectomy in the 
management of limb lymphedema. Clin Plast Surg 
1989;16:369-73.

98. Brorson H. Liposuction in Lymphedema Treatment. J 
Reconstr Microsurg 2016;32:56-65. 

99. Brorson H, Svensson H. Liposuction combined with 
controlled compression therapy reduces arm lymphedema 
more effectively than controlled compression therapy 
alone. Plast Reconstr Surg 1998;102:1058-68.

100. O'Brien BM, Khazanchi RK, Kumar PA, et al. Liposuction 
in the treatment of lymphoedema; a preliminary report. Br 
J Plast Surg 1989;42:530-3.

101. Brorson H. Liposuction in arm lymphedema treatment. 
Scand J Surg 2003;92:287-95.

102. Sapountzis S, Ciudad P, Lim SY, et al. Modified Charles 
procedure and lymph node flap transfer for advanced lower 
extremity lymphedema. Microsurgery 2014;34:439-47.

103. Brorson H. Liposuction gives complete reduction of 
chronic large arm lymphedema after breast cancer. Acta 
Oncol 2000;39:407-20.

104. Hoffmann JN, Fertmann JP, Baumeister RG, et al. 
Tumescent and dry liposuction of lower extremities: 
differences in lymph vessel injury. Plast Reconstr Surg 
2004;113:718-24; discussion 725-6.

105. Greene AK, Slavin SA, Borud L. Treatment of lower 
extremity lymphedema with suction-assisted lipectomy. 
Plast Reconstr Surg 2006;118:118e-121e.

106. Brorson H, Svensson H, Norrgren K, et al. Liposuction 
reduces arm lymphedema without significantly altering 
the already impaired lymph transport. Lymphology 
1998;31:156-72.

107. Frick A, Hoffmann JN, Baumeister RG, et al. Liposuction 
technique and lymphatic lesions in lower legs: anatomic 

study to reduce risks. Plast Reconstr Surg 1999;103:1868-
73; discussion 1874-5.

108. Schaverien MV, Munnoch DA, Brorson H. Liposuction 
Treatment of Lymphedema. Semin Plast Surg 
2018;32:42-7.

109. Klein JA. The Tumescent Technique for Lipo-Suction 
Surgery. The American Journal of Cosmetic Surgery 
1987;4:263-7.

110. Campisi CC, Ryan M, Boccardo F, et al. Fibro-Lipo-
Lymph-Aspiration With a Lymph Vessel Sparing 
Procedure to Treat Advanced Lymphedema After 
Multiple Lymphatic-Venous Anastomoses: The Complete 
Treatment Protocol. Ann Plast Surg 2017;78:184-90.

111. Granzow JW, Soderberg JM, Dauphine C. A novel two-
stage surgical approach to treat chronic lymphedema. 
Breast J 2014;20:420-2.

112. Agko M, Ciudad P, Chen HC. Staged surgical treatment 
of extremity lymphedema with dual gastroepiploic 
vascularized lymph node transfers followed by suction-
assisted lipectomy-A prospective study. J Surg Oncol 
2018;117:1148-56.

113. Schaverien MV, Coroneos CJ. Surgical Treatment of 
Lymphedema. Plast Reconstr Surg 2019;144:738-58.

114. Shesol BF, Nakashima R, Alavi A, et al. Successful lymph 
node transplantation in rats, with restoration of lymphatic 
function. Plast Reconstr Surg 1979;63:817-23.

115. Clodius L, Smith PJ, Bruna J, et al. The lymphatics of the 
groin flap. Ann Plast Surg 1982;9:447-58.

116. Ozturk CN, Ozturk C, Glasgow M, et al. Free vascularized 
lymph node transfer for treatment of lymphedema: A 
systematic evidence based review. J Plast Reconstr Aesthet 
Surg 2016;69:1234-47.

117. Honkonen KM, Visuri MT, Tervala TV, et al. Lymph node 
transfer and perinodal lymphatic growth factor treatment 
for lymphedema. Ann Surg 2013;257:961-7.

118. Schaverien MV, Moeller JA, Cleveland SD. Nonoperative 
Treatment of Lymphedema. Semin Plast Surg 
2018;32:17-21.

119. Schaverien MV, Badash I, Patel KM, et al. Vascularized 
Lymph Node Transfer for Lymphedema. Semin Plast Surg 
2018;32:28-35.

120. Becker C, Assouad J, Riquet M, et al. Postmastectomy 
lymphedema: long-term results following microsurgical 
lymph node transplantation. Ann Surg 2006;243:313-5.

121. Saaristo AM, Niemi TS, Viitanen TP, et al. Microvascular 
breast reconstruction and lymph node transfer for 
postmastectomy lymphedema patients. Ann Surg 
2012;255:468-73.



Almadani et al. Surgical treatments for lymphedemaPage 16 of 17

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2024;12(1):8 | https://dx.doi.org/10.21037/atm-23-132

122. Cheng MH, Chen SC, Henry SL, et al. Vascularized groin 
lymph node flap transfer for postmastectomy upper limb 
lymphedema: flap anatomy, recipient sites, and outcomes. 
Plast Reconstr Surg 2013;131:1286-98.

123. Manrique OJ, Bustos SS, Kuruoglu D, et al. 
Gastroepiploic Lymph Node Flap Harvest for Patients 
With Lymphedema: Minimally Invasive Versus Open 
Approach. Ann Plast Surg 2020;85:S87-91.

124. Coriddi M, Wee C, Meyerson J, et al. Vascularized Jejunal 
Mesenteric Lymph Node Transfer: A Novel Surgical 
Treatment for Extremity Lymphedema. J Am Coll Surg 
2017;225:650-7.

125. Kenworthy EO, Nelson JA, Verma R, et al. Double 
vascularized omentum lymphatic transplant (VOLT) 
for the treatment of lymphedema. J Surg Oncol 
2018;117:1413-9.

126. Chu YY, Allen RJ Jr, Wu TJ, et al. Greater Omental 
Lymph Node Flap for Upper Limb Lymphedema with 
Lymph Nodes-depleted Patient. Plast Reconstr Surg Glob 
Open 2017;5:e1288.

127. McIntyre BC, Lobb D, Navarro F, et al. Laparoscopic Free 
Omental Flap for Craniofacial Reconstruction: A Video 
Article Demonstrating Operative Technique and Surgical 
Applications. J Craniofac Surg 2017;28:311-3.

128. Nguyen AT, Suami H. Laparoscopic Free Omental 
Lymphatic Flap for the Treatment of Lymphedema. Plast 
Reconstr Surg 2015;136:114-8.

129. van Alphen TC, Fechner MR, Smit JM, et al. The 
laparoscopically harvested omentum as a free flap 
for autologous breast reconstruction. Microsurgery 
2017;37:539-45.

130. Frey JD, Yu JW, Cohen SM, et al. Robotically Assisted 
Omentum Flap Harvest: A Novel, Minimally Invasive 
Approach for Vascularized Lymph Node Transfer. Plast 
Reconstr Surg Glob Open 2020;8:e2505.

131. Gould DJ, Mehrara BJ, Neligan P, et al. Lymph node 
transplantation for the treatment of lymphedema. J Surg 
Oncol 2018;118:736-42.

132. Cormier JN, Rourke L, Crosby M, et al. The surgical 
treatment of lymphedema: a systematic review of the 
contemporary literature (2004-2010). Ann Surg Oncol 
2012;19:642-51.

133. Schaverien MV, Asaad M, Selber JC, et al. Outcomes of 
Vascularized Lymph Node Transplantation for Treatment 
of Lymphedema. J Am Coll Surg 2021;232:982-94.

134. Koshima I, Soeda S, Moriguchi T, et al. The use of 
arteriovenous anastomosis for replantation of the distal 
phalanx of the fingers. Plast Reconstr Surg 1992;89:710-4.

135. Chang DW. Lymphaticovenular bypass for lymphedema 
management in breast cancer patients: a prospective study. 
Plast Reconstr Surg 2010;126:752-8.

136. Mihara M, Hara H, Furniss D, et al. Lymphaticovenular 
anastomosis to prevent cellulitis associated with 
lymphoedema. Br J Surg 2014;101:1391-6.

137. O'Brien BM, Sykes P, Threlfall GN, et al. 
Microlymphaticovenous anastomoses for obstructive 
lymphedema. Plast Reconstr Surg 1977;60:197-211.

138. Koshima I, Soeda S. Inferior epigastric artery skin 
flaps without rectus abdominis muscle. Br J Plast Surg 
1989;42:645-8.

139. Akita S, Mitsukawa N, Kuriyama M, et al. Suitable therapy 
options for sub-clinical and early-stage lymphoedema 
patients. J Plast Reconstr Aesthet Surg 2014;67:520-5.

140. Koshima I, Inagawa K, Urushibara K, et al. 
Supermicrosurgical lymphaticovenular anastomosis for 
the treatment of lymphedema in the upper extremities. J 
Reconstr Microsurg 2000;16:437-42.

141. Furukawa H, Osawa M, Saito A, et al. Microsurgical 
lymphaticovenous implantation targeting dermal 
lymphatic backflow using indocyanine green fluorescence 
lymphography in the treatment of postmastectomy 
lymphedema. Plast Reconstr Surg 2011;127:1804-11.

142. Hanson SE, Chang EI, Schaverien MV, et al. 
Controversies in Surgical Management of Lymphedema. 
Plast Reconstr Surg Glob Open 2020;8:e2671.

143. Mihara M, Hara H, Kawakami Y, et al. Multi-site 
lymphatic venous anastomosis using echography to detect 
suitable subcutaneous vein in severe lymphedema patients. 
J Plast Reconstr Aesthet Surg 2018;71:e1-7.

144. Campisi C, Boccardo F, Zilli A, et al. Long-term results 
after lymphatic-venous anastomoses for the treatment of 
obstructive lymphedema. Microsurgery 2001;21:135-9.

145. Koshima I, Nanba Y, Tsutsui T, et al. Minimal invasive 
lymphaticovenular anastomosis under local anesthesia for 
leg lymphedema: is it effective for stage III and IV? Ann 
Plast Surg 2004;53:261-6.

146. Maldonado AA, Chen R, Chang DW. The use of 
supraclavicular free flap with vascularized lymph node 
transfer for treatment of lymphedema: A prospective study 
of 100 consecutive cases. J Surg Oncol 2017;115:68-71.

147. Feldman S, Bansil H, Ascherman J, et al. Single Institution 
Experience with Lymphatic Microsurgical Preventive 
Healing Approach (LYMPHA) for the Primary Prevention 
of Lymphedema. Ann Surg Oncol 2015;22:3296-301.

148. Boccardo F, Casabona F, De Cian F, et al. Lymphedema 
microsurgical preventive healing approach: a new 



Annals of Translational Medicine, Vol 12, No 1 February 2024 Page 17 of 17

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2024;12(1):8 | https://dx.doi.org/10.21037/atm-23-132

technique for primary prevention of arm lymphedema 
after mastectomy. Ann Surg Oncol 2009;16:703-8.

149. Cakmakoglu C, Kwiecien GJ, Schwarz GS, et al. 
Lymphaticovenous Bypass for Immediate Lymphatic 
Reconstruction in Locoregional Advanced Melanoma 
Patients. J Reconstr Microsurg 2020;36:247-52.

150. Johnson AR, Fleishman A, Granoff MD, et al. Evaluating 
the Impact of Immediate Lymphatic Reconstruction for 
the Surgical Prevention of Lymphedema. Plast Reconstr 
Surg 2021;147:373e-381e.

151. Boccardo F, Casabona F, De Cian F, et al. Lymphatic 
microsurgical preventing healing approach (LYMPHA) 
for primary surgical prevention of breast cancer-related 
lymphedema: over 4 years follow-up. Microsurgery 
2014;34:421-4. Erratum in: Microsurgery. 2015 
Jan;35(1):83.

152. Cook JA, Sasor SE, Loewenstein SN, et al. 
Immediate Lymphatic Reconstruction after Axillary 
Lymphadenectomy: A Single-Institution Early Experience. 
Ann Surg Oncol 2021;28:1381-7.

153. Cook JA, Sinha M, Lester M, et al. Immediate Lymphatic 
Reconstruction to Prevent Breast Cancer-Related 
Lymphedema: A Systematic Review. Adv Wound Care 
(New Rochelle) 2022;11:382-91.

154. Chun MJ, Saeg F, Meade A, et al. Immediate Lymphatic 
Reconstruction for Prevention of Secondary Lymphedema: 
A Meta-Analysis. J Plast Reconstr Aesthet Surg 
2022;75:1130-41.

155. Johnson AR, Asban A, Granoff MD, et al. Is Immediate 
Lymphatic Reconstruction Cost-effective? Ann Surg 
2021;274:e581-8.

156. Coriddi M, Mehrara B, Skoracki R, et al. Immediate 
Lymphatic Reconstruction: Technical Points and 
Literature Review. Plast Reconstr Surg Glob Open 
2021;9:e3431.

157. Morotti M, Menada MV, Boccardo F, et al. Lymphedema 
microsurgical preventive healing approach for 
primary prevention of lower limb lymphedema after 

inguinofemoral lymphadenectomy for vulvar cancer. Int J 
Gynecol Cancer 2013;23:769-74.

158. Takeishi M, Kojima M, Mori K, et al. Primary intrapelvic 
lymphaticovenular anastomosis following lymph node 
dissection. Ann Plast Surg 2006;57:300-4.

159. Prophylactic LYMphatic Reconstruction (LYMbR) 
to Prevent Lymphedema After Node Dissection for 
Cutaneous Malignancies (LYMbR) [Internet]. 2025 
[cited January 8th, 2023]. Available online: https://www.
clinicaltrials.gov/ct2/show/NCT05136079

160. Levy AS, Murphy AI, Ishtihar S, et al. Lymphatic 
Microsurgical Preventive Healing Approach for the 
Primary Prevention of Lymphedema: A 4-Year Follow-Up. 
Plast Reconstr Surg 2023;151:413-20.

161. Herremans KM, Cribbin MP, Riner AN, et al. Five-
Year Breast Surgeon Experience in LYMPHA at Time of 
ALND for Treatment of Clinical T1-4N1-3M0 Breast 
Cancer. Ann Surg Oncol 2021;28:5775-87.

162. Ozmen T, Lazaro M, Zhou Y, et al. Evaluation of 
Simplified Lymphatic Microsurgical Preventing Healing 
Approach (S-LYMPHA) for the Prevention of Breast 
Cancer-Related Clinical Lymphedema After Axillary 
Lymph Node Dissection. Ann Surg 2019;270:1156-60.

163. Finkelstein ER, Ha M, Hanwright P, et al. A critical 
analysis of American insurance coverage for imaging and 
surgical treatment of lymphedema. J Vasc Surg Venous 
Lymphat Disord 2022;10:1367-75.

164. Does Immediate Lymphatic Reconstruction Decrease 
the Risk of Lymphedema After Axillary Lymph Node 
Dissection. Memorial Sloan Kettering Cancer Center 
[Internet]. 2024. Available online: https://clinicaltrials.gov/
ct2/show/NCT04241341

165. LYMPHA Procedure for the Prevention of Lymphedema 
After Axillary Lymphadenectomy. Dung Nguyen, Stanford 
University [Internet]. 2030. Available online: https://
clinicaltrials.gov/ct2/show/NCT05366699?recrs=abdf&ty
pe=Intr&cond=Cancer+Lymphedema&draw=2&rank=8

Cite this article as: Almadani Y, Davison P, Efanov JI, 
Kokosis G, Vorstenbosch J. Demystifying vascularized lymph 
node transfers and lymphatico-venous anastomoses. Ann Transl 
Med 2024;12(1):8. doi: 10.21037/atm-23-132


