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Abstract

Background: There is no consensus on the appropriate treatment of lymphedema.

Proposed techniques include lymphaticovenous anastomosis (LVA), vascularized

lymph nodes transfer (VLNT), and suction lipectomy (SL). The benefit of combined

procedures has also been postulated. In this prospective study, a combined protocol

is proposed as an alternative to single-procedure strategies.

Methods: Between January 2016 and October 2018, we enrolled patients with sec-

ondary lymphedema of lower limbs, stage II-III according to the International Society

of Lymphology, progressive swelling and skin tonicity >60. Thirty-seven consecutive

patients were dichotomized into group I, undergoing VLNT, and group II undergoing

VLNT and LVA. Gastroepiploic lymphnode flap was harvested through laparoscopy,

and in the same operation, LVAs were performed in group II on the basis of

indocyanine green lymphography and patent blue findings. Two weeks later, SL was

performed in all the patients. Patients were prospectively evaluated through clinical

examination, circumference measurement, and skin tonicity.

Results: The average follow-up was 2 ± 0.8 years. The first consecutive 21 patients

were treated with VLNT followed by SL. The next 16 patients underwent combined

VLNT and LVA, followed by SL. A mean of 2.4 LVAs were performed. A significant

difference in the postoperative circumference measurements was found overall

(p < .05): 52.6 ± 18.9 above the knee, 42.9 ± 25 below the knee, 36.2 ± 37 at foot.

The postoperative tonicity dropped by 12.7 ± 6.3% (p < .05). The episodes of cellulitis

significantly decreased to 0.1 ± 0.3 (p < .05).

Conclusions: LVA, VLNT, and SL can be integrated together in a combined approach,

in synergy to enhance the outcomes.

1 | INTRODUCTION

Lymphedema affects over 250 million people all over the world

(Rockson & Rivera, 2008). Primary lymphedema is a consequence of

genetic or developmental abnormalities, whereas secondaryGiuseppe Di Taranto and Alberto Bolletta contributed equally to this study.
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lymphedema results from a variety of different causes including malig-

nancy, radiation or surgical treatment, infection or trauma affecting

the lymphatic system (Allen & Cheng, 2016; Lo Torto et al., 2018;

Rockson & Rivera, 2008). Whatever the cause, this results in a specific

series of events that starts with the accumulation in the interstitial

space of fluid rich in proteins, causing inflammation and eventually

fibrosis and adipose deposition in the subcutaneous tissues (Avraham

et al., 2010; Brorson, 2004; Cuzzone et al., 2014; Lo Torto

et al., 2018; Zampell et al., 2012). This process further distresses the

lymphatic system in a degenerating cycle, with worsening of symp-

toms and patient's condition, eventually impeding daily activities

(Allen & Cheng, 2016).

In the early stages of pathological process, conservative and non-

surgical treatment can be advised, but in more advanced stages the

surgical treatment becomes necessary (Bolletta, Di Taranto, Chen,

et al., 2020; Ciudad et al., 2019; Di Taranto, Chen, Elia, et al., 2020).

Early proposed surgical procedures were often invasive and dis-

figuring. In contrast, recently described surgical techniques have

proved to be less invasive and yet still effective in reducing limb vol-

ume together with the risk of complications, like cellulitis, or need for

successive treatment (Fernández Peñuela, Casaní Arazo, & Masiá

Ayala, 2019).

Today these procedures, which include lymphatic-venous anasto-

mosis (LVA), vascularized lymph node transfer (VLNT), and lymphatic–

lymphatic bypass are becoming increasingly popular (Di Taranto, Elia,

Amorosi, et al., 2018; Yamamoto & Koshima, 2015; Yamamoto,

Yoshimatsu, & Yamamoto, 2016). Based on the hypothesis that trans-

ferred lymph nodes will behave as a new pump helping the deterio-

rated lymphatic system (Lin et al., 2009), the VLNT consists of the

transplantation of lymph node-containing tissue together with artery

and vein from a donor site to the affected limb (Becker, Assouad,

Riquet, & Hidden, 2006; Cheng, Huang, Huang, et al., 2012; Saaristo

et al., 2012; Viitanen, Mäki, Seppänen, Suominen, & Saaristo, 2012).

The lymphatic fluid is then conveyed through the transferred lymph

nodes and the newly anastomosed venous route (Cheng, Loh, &

Lin, 2018; Ito, Zelken, Yang, Lin, & Cheng, 2016).

LVA consists of performing multiple microsurgical anastomosis

between collecting lymphatics and small sized veins in the affected

limb. This procedure can be repeated at different levels of the limb

(Hayashi, Hayashi, Yoshimatsu, & Yamamoto, 2018; Seki et al., 2019).

Both VLNT and LVA have proved to be effective treatment measures

in secondary lymphedema (Allen & Cheng, 2016; Loh, Wu, Nguyen,

et al., 2017; Qiu, Chen, & Cheng, 2014).

Nevertheless, there is no consensus on an appropriate standard-

ized protocol for the treatment of lymphedema (Loh et al., 2017).

Over the past decade, a flood of studies on lymphedema surgery tech-

niques has been released, reporting conflicting outcomes (Cheng,

Chang, Masia, & Koshima, 2020; Ciudad et al., 2017; Maeda

et al., 2018; Yamamoto et al., 2016; Yamamoto, Yoshimatsu, &

Yamamoto, 2016). Owing to the lack of evidence, each author apply

his personal approach, presenting interesting data and promising

results, with a grade of reluctance to other techniques. Recently, a

combined tailored approach, merging different procedures has been

proposed as an alternative to single-surgery strategies (Chang, Masia,

Garza, Skoracki, & Neligan, 2016; Cheng et al., 2020; Loh et al., 2017;

Masià, Pons, & Rodríguez-Bauzà, 2016).

The purpose of this study is to evaluate our comprehensive pro-

tocols for lymphedema and compare the outcomes between the treat-

ment with VLNT alone followed by extensive suction lipectomy

(SL) and the combined treatment with VLNT and LVA followed by

extensive SL.

2 | PATIENTS AND METHODS

Between January 2016 and October 2018, patients presenting with

lymphedema were enrolled at our Institution. Among them, we

selected patients diagnosed for secondary lymphedema of the lower

limbs. Clinical evaluation, and clinical staging of lymphedema were

performed in all cases according to the International Society of

Lymphology (ISL) (International Society of Lymphology, 2013).

Inclusion criteria were secondary lymphedema of lower limbs,

stage II-III, progressive swelling of the limb regardless of decongestive

therapy and skin tonicity above 60 (Bolletta et al., 2020; Chen,

O'Brien, Pribaz, & Roberts, 1988; Di Taranto et al., 2020; Di Taranto,

Chen, Elia, et al., 2019). Exclusion criteria were primary lymphedema,

lymphedema of the upper limbs, previous lymphedema-related or

other surgeries of the involved limb and the presence of spontaneous

ulcer with lymph leakage. Eligible patients were offered reconstruc-

tion through two combined protocols: VLNT followed by SL, or VLNT

and LVA followed by SL.

Basing on the inclusion criteria, eligible patients were enrolled

upon signing a written informed consent document. Our study was

performed with respect to the ethical standards of the Declaration of

Helsinki and the protocol was approved by the Ethics Committee of

China Medical University (CMUH106-REC1-111[CR1]).

This study was designed as a pilot study to validate our protocol

combining LVA and VLNT followed by SL and we applied a simple

criteria for dichotomize our population, as previously described

(Casella, Di Taranto, Marcasciano, et al., 2019; Fino, Di Taranto,

Toscani, & Scuderi, 2016; Tarallo et al., 2018). Patients were selected

from among those diagnosed for lymphedema at our Institution

between January 2016 and October 2018. The first consecutive

patients enrolled in the study in the first time frame, between 2016

and 2017, were treated with VLNT followed by SL (group I), as

described in other reports from our group (Bolletta et al., 2020;

Ciudad et al., 2017; Di Taranto et al., 2020). This group was the con-

trol group of our study or VLNT group. The following consecutive

patients enrolled in 2018 were treated with a different approach

involving combined LVA and VLNT followed by SL (group II).

Patients were evaluated 1 month before surgery and in the post-

operative period through clinical examination, circumference mea-

surement, skin tonicity, and photographic documentation. Data of all

the surgeries were prospectively collected in a digital database,

accounting for demographics and surgical characteristics, medical his-

tory, complications and outcomes. The circumference reduction rate

2 DI TARANTO ET AL.



(CRR) was used to compare preoperative and postoperative findings.

The CRR was defined as the difference between the preoperative cir-

cumferences of the affected and healthy limbs minus the difference

between the postoperative circumferences of the affected and

healthy limbs, divided by the preoperative difference, ×100, as previ-

ously described (Di Taranto et al., 2020; Maruccia et al., 2019).

Patients were followed-up once a week for the first month after

surgery and then follow-up points were scheduled every month for

the first year, and then every 6 months. Tonicity assessment was per-

formed at 1-year follow-up and evaluated with a tonometer with a

central plunger at two levels, as previously described (Bolletta

et al., 2020; Di Taranto et al., 2020).

2.1 | Surgical technique

In both groups, VLNT was performed; only the group II underwent

LVA in the same surgery, just before the VLNT. For LVA incision sites

were determined on the basis of preoperative indocyanine green

lymphographic (ICG) (Figure 1). After injection at the first interdigital

space, the skin was massaged and the pattern of the lymphatic net-

work was marked. Intraoperatively, patent blue was injected at the

same sites, in order to better identify the lymphatic vessels. Stained

subdermal lymphatic vessels appeared within 1 min and continued

proximally, assisting the surgery (Ayestaray, Bekara, & Andreoletti,

2013; Yap et al., 2009). Incisions were performed under magnification

and preferentially placed over linear lymphatic pattern, which

suggested healthy, functioning lymphatic vessels, just distal to an area

of dermal backflow (Pons et al., 2019; Yamamoto, Yamamoto, Fuse,

Narushima, & Koshima, 2018). According to previous reports, we

located our incisions and performed LVAs on the most proximal

aspect of a linear pattern before an area of dermal backflow

(Kaciulyte et al., 2019; Yamamoto et al., 2018). The incision was

placed distal to the area of dermal backflow where it was possible to

locate a lymphatic vessel characterized by linear pattern. In this set-

ting, we preferred to perform end-to-end anastomosis owing to dis-

ruption of the proximal lymphatic network (Yamamoto et al., 2018)

(Figure 2). In the absence of a defined pattern, incisions were placed

F IGURE 1 Preoperative view of a
patient affected by left lower limb
lymphedema studied with
indocyanine green lymphography.
Circumference measurement was
performed at different levels (black
lines and numbers) and showed great
differences between the limbs. On
the left, the frontal view showing the
area of dermal backflow, marked in
blue. On the right, a lateral view
displaying areas of linear pattern,
marked with a blue dotted line

F IGURE 2 On the left, suitable lymphatic vessel and vein are identified and prepared. On the right, lymphatico-venous anastomosis is
performed in end-to-end fashion with 11–0 nylon and supermicrosurgical instruments. The flow through LVA is checked both with patent blue
dye (middle) and ICG (right)
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along the anatomic courses of the superficial veins, preferably along

the greater saphenous vein. Whenever healthy lymphatic vessels and

size-matched veins were present, LVAs were performed in an end-to-

end anastomosis technique using 11–0 nylon and supermicrosurgical

instruments. LVAs were performed only on the dorsal aspect of the

foot up to the level of lower leg, which was spared in the following

lipectomy procedure, in order to avoid any injury to the anastomosis.

The lymphnode flap, based on right gastroepiploic artery, was

harvested from the omentum through laparoscopy, as previously

described (Ciudad, Manrique, et al., 2017; Di Taranto et al., 2020).

Briefly, the abdomen was accessed with three ports and a small omen-

tal window was created between the stomach and the transverse

colon. Meticulous dissection was conducted and the left gas-

troepiploic vessels were then identified and carefully ligated. Using

sharp and blunt dissection, the right gastroepiploic artery and vein

were exposed and individually ligated.

After the harvesting, under microscope magnification, the course

of the gastroepiploic vessels was identified and careful dissection was

performed at the junction center of the omental flap in order to divide

the flap into two similar lymph node flaps. The flaps were then inset

at two different levels for each extremity. The flap was anastomosed

in the lower extremity at the medial aspect of the ankle using the

medial plantar vessels and at the popliteal fossa using the medial sural

artery and venae comitantes as recipient vessels (Figure 3). The lymph

F IGURE 3 Operative steps for
gastroepiploic vascularized lymph
node transfer. Upper panels:
preoperative markings at medial ankle
and popliteal fossa. Left central
panels: medial sural vessels were
exposed and dissected and the flap
anastomosed in and end-to-end
fashion at the popliteal fossa. Right
central panels: medial plantar vessels
are exposed and dissected and the
flap anastomosed in and end-to-end
fashion. Panel below:
postoperative view
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node flaps were covered using local flaps or split thickness skin graft

harvested from the upper thigh in case of a bulky flap. Flap monitoring

was done clinically and with hand-held Doppler (Kaciulyte

et al., 2019).

Two weeks after the VLNT, extensive lipectomy was performed,

sparing the sites of VLNT and LVA, in order to avoid any injury to the

anastomoses and the transferred lymphnodes (Brorson, 2004;

Brorson, 2016).

Vacuum drains were applied and removed the day after surgery.

Compression garments were applied immediately after surgery.

2.2 | Statistical analysis

SPSS software (IBM Corp., Armonk, NY) was used for statistical analy-

sis. The Shapiro–Wilk test was used to verify normal distribution of

continuous variables. Differences between groups were analyzed by

chi-square test, Fisher's exact probability test, sign test, paired or

unpaired t test, or Mann–Whitney test, as appropriate. Statistical sig-

nificance was defined as p < .05.

3 | RESULTS

Hundred and forty-one patients presented for lymphedema at our

Institution. Among them, 37 patients, meeting the inclusion criteria,

were enrolled in the study. The first consecutive 21 patients under-

went VLNT (group I) followed by extensive SL and the next consecu-

tive patients underwent the combined treatment, VLNT and LVA

(group II) followed by extensive SL.

Table 1 describes the characteristics of the patients and surgeries.

The mean age of patients was 51.7 ± 16.3 years. The two groups

were similar in term of BMI, age, comorbidities, cause of lymphedema,

lymphedema grade, and sex distribution. However, the groups dif-

fered for the length of the follow-up (p < .05).

Mean BMI was assessed as 26.7 ± 3.2 kg/m2. Eight patients pres-

ented Stage III lymphedema and 29 patients Stage II lymphedema.

Patients reported an average number of 1.4 preoperative episodes of

cellulitis per year.

The patients successfully underwent the VLNT, involving laparo-

scopic free omental lymphatic flap for covering the defect. Only the

16 patients enrolled between January and October 2018 underwent

LVA before VLNT in the same operation. In this group a mean of 2.4

LVA was performed. Two weeks after the lymphatic surgery, all the

patients underwent suction-assisted lipectomy. The mean volume of

liposuction in patients of the VLNT and LVA group was 2,484

± 654 cc, while the mean volume of liposuction in the VLNT group

was 2,528 ± 604 cc. No statistically significant difference was found

regarding this aspect (p = .841).

All the patients healed uneventfully. Only in three cases, we

reported partial loss of the skin graft adjacent to the lymph node flap

at the ankle. These patients underwent debridement and healed

TABLE 1 Characteristic of patients, surgeries, and outcomes

Demographics

Group VLNT (n = 21) VLNT and LVA (n = 16) All population (n = 37)

Age (years: Mean ± SD) 51.9 ± 16.8 51.4 ± 16.1 51.7 ± 16.3

Sex

Male (n) 6 2 8

Female (n) 15 14 29

BMI (kg/m2: Mean ± SD) 27.1 ± 3.2 26.2 ± 3.2 26.7 ± 3.2

Hypertension 4 4 8

Diabetes 4 2 6

Preoperative episodes of cellulitis (mean ± SD) 1.4 ± 2 1.4 ± 1.3 1.4 ± 1.7

Lymphedema characteristics

Stage of lymphedema

II stage (n) 16 13 29

III stage (n) 5 3 8

Etiology

Gynecological cancer 15 11 26

Urologic cancers 3 2 5

Radiotherapy 2 1 3

Melanoma 1 2 3

Characteristics of the surgeries

Number of LVA (mean ± SD) 0 2.4 ± 0.5 1 ± 1.2

Follow-up (years) 2.5 ± 0.8* 1.4 ± 0.3* 2 ± 0.8

*p < .05.
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uneventfully by secondary healing. No other postoperative complica-

tion occurred. The patients did not report any postoperative donor

site-related complications or dyspepsia and disfunction of intestinal

motility.

The average follow-up was 2 ± 0.8 years. In the overall popula-

tion, the mean circumference reduction rate was 52.6 ± 18.9, 42.9

± 25, 19.2 ± 34.4, and 36.2 ± 37% above the knee, below the knee,

above the ankle, and at the foot level, respectively, despite of bulk of

the flap (see Table 2). Statistical analysis found a significant difference

in the circumference measurements above the knee, below the knee

and at the foot level from the preoperative to the postoperative

period in the affected limb (p < .05). At 1-year follow-up, the VLNT

and LVA group scored a grater circumference reduction rate at all

levels in comparison to the VLNT group (Figure 4). Nevertheless, no

statistically significant difference was found. The tonicity dropped by

12.7 ± 6.3% from the preoperative period in the overall population

(p < .05). Over the follow-up, a significant decrease in the episodes of

cellulitis from the preoperative period was noted (p < .05).

4 | DISCUSSION

In this study, we evaluated our comprehensive protocols for lymph-

edema by comparing the outcomes between the treatment with VLNT

and extensive SL alone and a new combined treatment with VLNT,

LVA and extensive SL.

Up to date, a standardized approach for the treatment of lymph-

edema has not been agreed. Many techniques have been proposed

and their effectiveness studied in patients diagnosed with lymph-

edema at different stages. As other authors have suggested, the LVA

TABLE 2 Outcomes at 1-year follow-up after the combined protocol

Outcomes

Group VLNT (n = 21) VLNT and LVA (n = 16) p All population (n = 37) p*

Mean circumference reduction rate (%: Mean ± SD)

Above the knee 47.9 ± 15.4 58.8 ± 21.7 .08 52.6 ± 18.9 <.01

Below the knee 37.1 ± 22.2 50.5 ± 27.1 .10 42.9 ± 25 <.01

Above the ankle 18.6 ± 35.6 22 ± 33.9 .91 19.2 ± 34.4 .42

Foot 32.8 ± 26 40.7 ± 48.4 .53 36.2 ± 37 .02

Overall reduction of tonicity (%) 11.5 ± 7.3 13.6 ± 5.5 .32 12.7 ± 6.3 <.01

Postoperative episodes of cellulitis (mean ± SD) 0.1 ± 0.4 0 ± 0 .39 0.1 ± 0.3 <.01

Note: p refers to outcomes of VLNT versus VLNT and LVA; p* refers to preoperative versus postoperative overall measurements.

F IGURE 4 Pre-operative (left)
and post-operative (right) pictures of
a 56-year-old patient affected by left
lower limb secondary lymphedema
treated with the combined approach
of VLNT and LVA followed by
suction-assisted lipectomy. The post-
operative evaluation was performed
1 year after surgery
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approach proved to be successful in early stages of lymphedema,

where lymphatic vessels are still functional (Hayashi et al., 2018; Phil-

lips, Gore, Ramsden, & Furniss, 2019).

In 2012, Mihara et al. published a study on histological changes

occurring to collective lymphatic vessels after lymphadenectomy

(Mihara et al., 2012). In their work, they found a strong association

between the staging classification of lymphedema by ISL and the com-

position of lymphatic tissues in terms of changes occurring on the his-

tological level of the collective vessels analyzed. They proved that in

advanced stages lymphatic vessels become sclerotic, less functional,

and this may be the reason for the reduction in the efficacy of the

LVA approach (Ciudad, Agko, et al., 2017; Ciudad, Agko, et al., 2019;

Di Taranto et al., 2018; Di Taranto et al., 2020; Inserra et al., 2016).

According to Cheng, different stages of lymphedema require different

treatments. Thus, LVAs are indicated in patients in early stages (Grade

I-II), while VLNT is more advanced cases (Grade II-III and sometimes

also IV) (Patel, Lin, & Cheng, 2015).

In our study, patients additionally treated with LVAs showed

improved results in terms of circumference reduction. Indeed, while

some patients treated with the combined approach had a circumfer-

ence reduction rate above average, others did not experience such

benefit. It has to be stated though, that in our experience some

patients presented with healthier lymphatics of greater caliber, well

visualized by ICG; whereas others showed a higher number of lym-

phatics with a smaller lumen, which appeared impaired by fibrosis.

This means that within the same clinical stage, the damage of lym-

phatics is a continuum; therefore, effectiveness of the additional LVA

procedure might depend on the condition of lymphatic vessels and

their capacity of benefitting from the anastomosis to the venous sys-

tem. We strongly believe that a larger study evaluating the outcomes

between the single subgroups of lymphedema stage is needed to con-

firm our results and obtain a statistically significant difference with

the combined approach.

VLNT from the gastroepiploic region has been previously

described and is considered the first line of treatment for patients

with moderate lymphedema in our center (Ciudad, Manrique,

et al., 2017). The efficacy of VLNT in reduction of limb circumference

has been examined by several authors (Becker et al., 2006; Cheng

et al., 2020; Ciudad, Agko, et al., 2017; Ciudad, Manrique, et al., 2017;

Maruccia et al., 2019). Our approach was recently evaluated in terms

of long-term outcomes and proved to determine a substantial reduc-

tion in circumference measurements and episodes of cellulitis (Ciudad,

Manrique, Bustos, et al., 2020). In our experience, the combination of

the VLNT with extensive therapeutic lipectomy helps reducing the

lymphatic load on the newly transferred lymphatic tissue (Agko,

Ciudad, & Chen, 2018; Bolletta et al., 2020; Inserra et al., 2016; Losco

et al., 2020). The technique was investigated and found not causing

further damage to the lymphatic system, but we avoided treating the

areas where the LVAs were performed in order not to accidentally

damage them.

Skin tonicity was one of the outcomes evaluated in this study.

Subjectively, the softening of the treated limb was perceived by both

physicians and patients as greater in patients treated with the

combined approach. Although both groups scored a significant reduc-

tion of the tonicity from the preoperative period, a slightly higher drop

was assessed in the group II. Furthermore, the episodes of cellulitis

significantly dropped from the preoperative to the postoperative

period, resulting in less days of hospitalization in both groups.

To our knowledge, this is the first study evaluating the effective-

ness of the association of VLNT and LVAs in the same surgical proce-

dure in lower limb lymphedema and one of the few with a prospective

design comparing two different cohorts of patients. As already stated,

several authors prefer to choose the surgical technique according to

the staging of the patients. They usually perform LVAs in milder cases

and VLNTs in more severe cases (Chang et al., 2016). However, some

authors use LVAs as the first treatment line also in more severe cases,

then wait to evaluate the results and proceed with VLNT in case of

not satisfactory results (Maeda et al., 2018). This is possible since the

rationale behind LVAs and VLNT is different, as they have different

surgical targets and work with different strategies for approaching the

disruption of lymphatic system. LVAs bridge areas where lymphatics

are damaged by diverting lymph into the venous system prior to the

areas of obstruction. VLNT is supposed to act as a “pump” or a

“sponge” absorbing lymph into its nodes and, through the

lymphovenous connections in the transplanted tissues, directing it

into the venous circulation and promoting lymphoangiogenesis

(Cheng et al., 2014). We assumed that LVAs and VLNT can be inte-

grated together in a combined approach to work in synergy, enhanc-

ing the outcomes. As previously stated, LVAs and VLNT

procedures have already been performed on the same patients as

sequential steps in case the first surgical attempt (LVAs) was not suc-

cessful. Hence, we suggest the association of both procedures in the

same surgical stage in order to combine different strategies to treat

the disruption of lymphatic system. Performing both procedure at a

milder stage of disease could avoid also losing time and determining

disease progression in patients at high risk. It has also to be stated

that, in order to avoid overtreatment, we excluded from this approach

patients affected by lymphedema stage I, in which the only LVAs can

be performed with successful results (Yamamoto, Yamamoto,

et al., 2016). Furthermore, performing the LVA at the same stage of

VLNT, followed by SL after 2 weeks, offers patients an immediate

improvement and also saves the patients an additional operation with

the associated time off from work and recovery time rather than per-

form another surgery secondarily, as suggested by a recent studies

(Chang et al., 2020; Cheng et al., 2014; de Sire et al., 2020).

Nevertheless, from the results of our study, we cannot state

which procedure was more responsible for the results in patients

treated with the combined approach. A patient in the VLNT and LVA

group could have improved either from performing LVAs itself either

from the combined synergy between LVA and VLNT. However,

patients in the group I scored lower levels of reduction of the out-

comes, proving that, whatever the responsible mechanism, LVA add a

benefit for the patients. We acknowledge that studies with larger

population and longer follow-up are needed to confirm our findings.

Our study is ongoing and plans to enlarge our population are

currently made.
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5 | CONCLUSIONS

In this pilot study, we evaluated for the first time the association of

VLNT and LVAs in the same surgical procedure, followed by SL. LVA

and VLNT can be integrated together in a combined approach to work

in synergy, while enhancing the outcomes. SL following physiological

procedures could help reducing the lymphatic load on the limb.
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