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ABSTRACT
Background: Vascularized lymph node transfer (VLNT) is a well-established surgical approach for treating
lower extremity lymphedema (LEL). Since VLNT takes time to show effect, a combined approach with lym-
phaticovenular anastomosis (LVA) may be more advantageous to patients by inducing an immediate
improvement. This study aims to describe our experience and evaluate the results of a com-
bined approach.
Methods: In this retrospective review, we analyzed a total of 12 patients that underwent simultaneous
supraclavicular VLNT and LVA for the treatment of secondary LEL with the ISL stage II or III. Patients who
had a follow-up period of less than 12months were excluded. The supraclavicular flap, including superfi-
cial lymphoid tissue as well as deep cervical nodes, was harvested and anastomosed to the posterior tib-
ial vessels. The pre- and postoperative change of circumference difference ratios and LEL index
were compared.
Results: All twelve flaps survived without re-exploration. An average of 2.3 LVAs were simultaneously per-
formed. At 12.9months of follow-up (range, 12–16months), the postoperative mean circumference ratio
was significantly improved than pre-operative in 10 cm above the knee (7.9 ± 7.2% vs 15.0 ±7.6%,
p¼ 0.01), 10 cm below the knee (8.5 ± 7.5% vs 17.4 ±12.7%, p¼ 0.03) and lateral malleolus (16.5 ± 15.5%
vs 28.6 ± 17.9%, p¼ 0.03). Also, the mean LEL index was decreased (preoperative 324.3 ±53.0 vs postoper-
ative 298.0 ±44.6, p¼ 0.242) and eight patients showed improvement in LEL stage.
Conclusions: The combined approach showed a significant decrease in the circumference of LEL.
Additional LVAs could reinforce the effect of a VLNT. Larger series with longer follow-up is needed to
confirm our findings.
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Introduction

Secondary lymphedema in lower extremities occurs following gyne-
cologic surgery in up to 18% of the patients [1]. When it occurs,
the lymphatic fluid becomes stagnant, which cause tissue fibrosis,
hypertrophic fat, destruction of lymphatic vessels, and ultimately
leading to skin ulceration and infections [2]. It can be a debilitating
disease to patients and has a dramatically negative effect on their
quality of life [3]. However, there is still no cure for lymphedema
and remains no consensus regarding a treatment approach.

In the past, invasive reductive procedures such as the Charles
operation were performed, but it resulted in extensive scarring
and substantial morbidity including significant blood loss or infec-
tion [2,4]. Therefore, in recent years, physiologic surgery, such as
lymphaticovenular anastomosis (LVA) and vascularized lymph
node transfer (VLNT), has become increasingly popular. Now, with
the advent of the concept of supermicrosurgery, lymphatic sur-
gery has become one of the most important realms of
microsurgery.

So far, various donor sites for VLNT, such as the groin, submental
and supraclavicular areas, have been well-described. In our institu-
tion, an axillary or groin VLNT was mainly used until 2017. However,
in recent years, a supraclavicular flap has been used more fre-
quently for a lymph node flap. Also, we usually perform multiple
LVAs during a flap harvest. Since VLNT takes time to show effect,
we believe that a combined approach with LVA may be more
advantageous to patients by inducing an immediate improvement.

In this study, we present the outcomes of our patients
with LEL who underwent simultaneous supraclavicular VLNT
and LVA.

Material and method

Patients

Between November 2018 and October 2019, simultaneous supra-
clavicular VLNT and LVA were performed in 12 patients with sec-
ondary LEL. The patients (1) whose medical records were unclear
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or without clinical photos and (2) with less than one year of fol-
low-up were excluded. All supraclavicular VLNTs were performed
by the senior author and all LVAs were performed by the first
author. This retrospective analysis was approved by our facility’s
institutional review board (protocol number 2020AN0185).

Operative technique

Lymphaticovenular anastomosis
All procedures were performed under general anesthesia. After
intradermal injection of 0.1–0.2 cc of indocyanine green (ICG,
Dongindang Pharm, Sigheung, Korea) into each webspace of the
toes, the course of the lymphatic vessel was identified with a hand
held near-infrared cameras (Moment KVR ; IANC&S, Seoul, Korea or
FluobeamVR ; Fluoptics, France). If the lymphatic course was invisible
in the patients with advanced-stage disease, the lymphatic path of
the normal opposite lower limb was identified and the mirror
image of the lymphatic course was marked. The primary sites of
our choice for LVA were the dorsum of the foot, the ankle along
the greater saphenous vein, and the superior edge of the knee.
The incision site of the superior edge of the knee followed a previ-
ous report by Seki et al. [5]. In each site, a 3-cm-long incisions was
usually made and the largest lymphatic vessel under the superficial
fascia in the subcutaneous tissue was usually selected for the LVA.
After identifying a venule of the appropriate size in the vicinity,
LVA was performed with 11-0 nylon sutures. If there was a suffi-
ciently large lymphatic vessel, side-to-end anastomosis was
attempted first. In cases where the venule was larger than the
lymphatic vessel, end-to-side anastomosis was performed. After all
procedures, patency of the anastomosis was confirmed under an
operating microscope by observing the movement of the lymph-
blood border and filling of the venule across the anastomosis.

Supraclavicular lymph node transfer
In all patients, we used right side to avoid a potential injury to
the thoracic duct on the left side. The entire supraclavicular
lymph node transfer process was performed as previously
described by Chang [6]. Before surgery, the anatomical landmarks
of the posterior triangle, consisting of the clavicle, external jugular
vein (EJV), and the lateral border of sternocleidomastoid(SCM)
muscle, were marked up. Initially, a transverse incision 1 cm above
the clavicle was made and the platysma muscle was divided.
Then, meticulous dissection was performed at the space between

the SCM muscle and the EJV. In this process, we tried to include
as much superficial lymphoid tissue for lymph node flap as pos-
sible. Following the division of the omohyoid muscle, dissection
proceeded lateral to the internal jugular vein (IJV). After the iden-
tification of the transcervical artery and vein, the adipose flap
including supraclavicular lymph nodes was elevated based on the
transcervical vessels above the plane of the scalene muscle.

In all cases, the posterior tibial artery and vein were selected as
recipient vessels. After a 5–6-cm incision along the posterior border
of the medial malleolus, the recipient vessels were identified by
careful dissection. First, arterial anastomoses were performed in an
end-to-side fashion. After confirming backflow, a venous anasto-
mosis was also performed. The donor site was closed primarily
with subcuticular and skin sutures without tension.

Postoperative care
Immediately after surgery, the operated limb was loosely com-
pressed with an elastic bandage and elevated. A closed-suction
drain was placed in the donor site, and removed when the drain-
age volume fell below 15 cc for two consecutive days. After one
week, the long leg splint was removed and ambulation was
encouraged. Flap circulation was monitored by color Doppler son-
ography (GE Logiq E9, Milwaukee, WI, USA) (Figure 1).

Outcome measurement

In our institution, limb circumference was measured at the follow-
ing six points – the superior margin of the thigh, the superior
edge of the patella, 10 cm above and below the patella, the lat-
eral malleolus and the dorsum of the foot. The measurements
were obtained by a surgeon or rehabilitation doctor at each fol-
low-up in the outpatient clinic. We used two methods to evaluate
the outcomes.

Circumference difference ratio
The comparison between the pre- and postoperative changes in
ratio of circumference of the affected limb to the circumference
of the healthy limb is the most commonly used method for
assessing outcomes in lymphatic surgery. It is calculated by the
following formula.

Circumferencedifferenceratioð%Þ ¼ fðClesion – Cunaffected Þ=Cunaffected g
� 100

Figure 1. Flap circulation monitoring by color Doppler sonography (Patient no. 8). (A) Color Doppler flow image of the posterior tibial vessel. (B) Color Doppler flow
image of the flap pedicle. The posterior tibial vessel and flap pedicle were easily identifiable. Arterial and venous blood flow of the supraclavicular VLNT was con-
firmed by Color flow duplex imaging. VLNT was deemed surviving functionally at 6 months after surgery.
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Considering the site where the supraclavicular VLN was trans-
ferred, circumference difference ratio was compared at 10 cm
above and below the knee and the lateral malleolus.

Lower extremity lymphedema (LEL) index
The LEL index, which was developed by Yamamoto et al., is
widely used as a valid and reliable instrument in determining the
severity of edema or the efficacy of treatment [7]. It reflects the
body type of the patient, and showed a significant correlation
with the clinical stage. The following established formula was
used to calculate the LEL index.

LELindex ¼
X5

k¼1

CK2=BMI

The index was calculated by the sum of the squares of the cir-
cumference at five points and dividing it by patient’s body mass
index (BMI). The limb circumference at five points, except the
value at the superior margin of the thigh, was used.

Statistical analyses

All statistical analyses were performed using SPSS version 24.0
software (IBM Corp., Redmond, WA, USA). In each analysis, the cir-
cumference measured at the latest follow-up was used for the
postoperative circumference value. A Mann–Whiteny U test was
performed for the comparisons of the outcomes. For all analyses,
a value of p< 0.05 was considered statistically significant.

Result

Patient demographics

A total of 12 patients underwent a simultaneous supraclavicular
VLNT and LVA between November 2018 and October 2019. The
mean age of the patients was 61.2 years (range, 41–76 years) and
the mean BMI was 26.4 (range, 20.8–32.4). By the classification of
International Society of Lymphology (ISL), 11 patients had stage II
clinical lymphedema, and one patient was classified with stage III.
By the classification of ICG lymphography, 10 patients had stage
IV lymphedema, and two patient was classified with stage V,
which represents progressed lymphedema [8]. An average of 2.3

LVA was performed in 12 patients. Table 1 summarizes the
patient characteristics and the site of the LVA.

With regard to VLNT, all flaps were harvested without a skin
paddle. In all cases, the posterior tibial artery was chosen as the
recipient artery and all anastomoses were performed in an end-
to-side fashion. In the venous anastomoses, end-to-end anastomo-
ses were performed in nine patients, and end-to-side anastomoses
were performed in the other three patients. All twelve flaps sur-
vived without re-exploration. At a mean follow-up of 12.9months
(range, 12months to 16months), there was no chyle leak or
donor site morbidity. There was one case of wound dehiscence at
the donor site (No. 6), it was treated with delayed repair in the
outpatient clinic.

Operative results

The postoperative mean circumference difference ratio was signifi-
cantly improved than pre-operative in 10 cm above the knee
(7.9 ± 7.2% vs 15.0 ± 7.6%, p¼ 0.014), 10 cm below the knee
(8.5 ± 7.5% vs 17.4 ± 12.7%, p¼ 0.033) and lateral malleolus
(16.5 ± 15.5% vs 28.6 ± 17.9%, p¼ 0.028) (Table 2). With regard to
the LEL index, although it was not statistically significant, mean
LEL index was decreased postoperatively (preoperative
324.3 ± 53.0 vs postoperative 298.0 ± 44.6, p¼ 0.242, Table 3). Of
12 patients, eight showed improvement in their LEL stage. Next,
we describe our experience of two cases.

Case reports

Case 1 (patient 6)
A 69-year-old woman presented with bilateral LEL after a hyster-
ectomy five years ago (Figure 2). She had undergone six sessions
of chemotherapy and 28 sessions of radiotherapy. Although both
sides showed the edematous symptoms, we decided to proceed
with the surgery on the left side first, because it showed a worse
condition. Three LVAs were performed at the dorsum of the foot,
ankle, and the superior edge of the knee. Also, a VLNT from the
right supraclavicular region was performed (Figure 3). The pre-
operative circumference diameters were 47 cm and 43 cm at
10 cm above and below the patella, and 31 cm at lateral malleol-
lus. The postoperative circumference diameters were improved to

Table 1. Patient demographics.

Age Sex BMI Etiology
ISL
stage

ICG
stage Site

Symptom
duration
(years)

Follow-
up

(months)

No. of
LV

anastomosis Site of LV anastomosis

1 50 F 24.0 Metastatic cancer II IV Right 9 12 2 Ankle (�2)
2 57 F 31.4 Melanoma II IV Left 2 14 2 Dorsum of foot, Ankle
3 54 F 24.1 Endometrial cancer II IV Left 1 12 2 Ankle (�2)
4 61 F 26.1 Cervical cancer II IV Right 12 12 3 Dorsum of foot, Ankle,

Superior edge of the knee
5 71 F 21.4 Cervical cancer II IV Right 1 16 3 Dorsum of foot, Ankle,

Superior edge of the knee
6 69 F 29.3 Cervical cancer II IV Left 5 14 3 Dorsum of foot, Ankle,

Superior edge of the knee
7 63 F 32.4 Cervical cancer III V Right 15 12 2 Dorsum of foot,

Superior edge of the knee
8 41 F 26.3 Cervical cancer II IV Left 3 15 3 Superior edge of the knee

(�2), Ankle
9 76 M 25.1 Prostate cancer II V Left 9 12 2 Superior edge of the knee, Ankle
10 73 F 28.8 Bladder cancer II IV Left 1 12 3 Superior edge of the knee,

Ankle (�2)
11 57 F 26.7 Cervical cancer II IV Right 2 12 1 Ankle
12 62 F 20.8 Endometrial cancer II IV Left 1 12 2 Ankle, Mid-calf
Mean

± SD
61.2 ± 10.2 26.4 ± 3.6 5.1 ± 4.9 12.9 ± 1.4 2.3 ± 0.7

BMI: Body mass index; ISL: International Society of Lymphology; ICG: indocyanine green; LV: lymphaticovenular.
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46 cm, 39 cm and 26 cm at 14months, respectively. At 14months.
The LEL index was also improved from 270.6 to 248.6
postoperatively.

Case 2 (patient 8)
A 41-year-old woman had left LEL after a hysterectomy three
years ago (Figure 4). A year before visiting our clinic, she under-
went LVA surgery at the ankle and knee levels at another hos-
pital. However, a month after surgery, it had deteriorated and
showed a repetitive lymphangitis. For treatment, a simultaneous
supraclavicular VLNT and three LVAs were performed (Figure 5).
LVAs were conducted at the ankle and the superior edge of the
knee. The preoperative circumference diameters were 57 cm and
46.5 cm at 10 cm above and below the patella, and 32 cm at lat-
eral maleollus. The postoperative circumference diameters were
improved to 55 cm, 40 cm and 29 cm at 15months, respectively.
The LEL index was improved from 435.0 to 347.6 postoperatively.
Also, the symptoms of lymphatic inflammation did not recur
after surgery.

Discussion

The concept of a VLNT was introduced first by O’Brien and Chen
in 1990 [9]. Since then, many animal and clinical trials have
revealed that VLNT restored the lymphatic function [10–12].
Currently, there are two hypotheses commonly accepted as the
principle of VLNT. First, the ‘pump theory’ suggests that the VLN
flap absorbs the lymph fluid like a pump and drains it into the
vein through natural lymphaticovenular connections inside the
flap [13,14]. The other hypothesis, known as the
‘lymphangiogenesis theory’, suggests that the transferred lymph
nodes have a high capacity for spontaneous regeneration, and
improve the drainage by forming a bridge to the lymphatic path-
way [15,16]. Recently, VLNT has gained consensus as a promising
operative technique for lymphedema based on excellent out-
comes [17].

There are variable options for donor sites for VLNT [18,19].
Although it is up to the surgeon’s choice, the groin, submental
and supraclavicular areas are common donor sites. Among them,
a free supraclavicular flap with cervical lymph nodes was first

Table 2. The change of circumference difference ratio in 12 patients with lower limb lymphedema that underwent combined supraclavicular lymph node flap trans-
fer and lymphaticovenular anastomosis.

Patient
no.

Age
(years) Sex

ISL
stage

ICG
stage

Circumference difference ratio

Follow-up
(months)

Above-knee 10 cm Below-knee 10 cm Lateral malleolus

Pre (%) Post (%) Pre (%) Post (%) Pre (%) Post (%)

1 50 F II IV 19.8 14.0 20.0 17.7 27.5 17.5 12
2 57 F II IV 18.4 8.5 5.4 4.1 28.6 9.1 14
3 54 F II IV 10.6 4.3 7.9 6.8 9.3 9.1 12
4 61 F II IV 16.7 11.1 11.4 2.6 31.0 4.6 12
5 71 F II IV 29.2 27.4 27.1 10.9 31.0 22.7 16
6 69 F II IV 11.0 2.1 11.7 2.6 10.7 3.7 14
7 63 F III V 3.9 3.0 42.9 21.6 36.2 32.1 12
8 41 F II IV 18.8 1.8 16.3 2.6 16.7 5.5 15
9 76 M II V 25.6 8.9 37.1 21.6 78.1 54.5 12
10 73 F II IV 10.5 5.9 19.4 4.7 30.0 4.8 12
11 57 F II IV 7.0 3.0 5.9 3.7 15.8 6.3 12
12 62 F II IV 8.9 4.7 3.2 3.2 28.2 27.8 12
Mean ± SD 61.2 ± 10.2 15.0 ± 7.6 7.9 ± 7.2 17.4 ± 12.7 8.5 ± 7.5 28.6 ± 17.9 16.5 ± 15.5 12.9 ± 1.4

Pre vs Post Pre vs Post Pre vs Post
p-Value p¼ 0.014� p¼ 0.033� p¼ 0.028�
Mann–Whitney test was performed for evaluation of pre and postoperative volume difference at 10 cm above and below the patella, and the lateral malleolus.
ISL: International Society of Lymphology; ICG: indocyanine green; LV: lymphaticovenular; LEL: lower extremity lymphedema.�Statistical significance.

Table 3. The change of LEL index in 12 patients with lower limb lymphedema that underwent combined supraclavicular lymph node flap transfer and lymphatico-
venular anastomosis.

Patient
no.

Age
(years) Sex

ISL
stage

ICG
stage

LEL index
Follow-up
(months)Pre LEL stage Post LEL stage

1 50 F II IV 352.0 IV 329.5 III 12
2 57 F II IV 253.9 II 248.2 I 14
3 54 F II IV 326.9 III 282.9 II 12
4 61 F II IV 318.7 III 303.1 III 12
5 71 F II IV 341.8 III 330.0 III 16
6 69 F II IV 270.6 II 248.6 I 14
7 63 F III V 358.6 IV 333.5 III 12
8 41 F II IV 435.0 IV 347.6 III 15
9 76 M II V 380.0 IV 373.3 IV 12
10 73 F II IV 266.5 II 236.2 I 12
11 57 F II IV 302.9 III 263.9 II 12
12 62 F II IV 284.8 II 279.0 II 12
Mean ± SD 61.2 ± 10.2 324.3 ± 53.0 298.0 ± 44.6 12.9 ± 1.4

Pre vs Post
p-Value p¼ 0.242

Mann–Whitney test was performed for evaluation of pre and postoperative LEL index.
ISL: International Society of Lymphology; ICG: indocyanine green; LV: lymphticovenular; LEL: lower extremity lymphedema.
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introduced as a potential donor site by Chang et al. [20] This flap
has many advantages, including no risk of secondary lymphe-
dema or nerve damage and a concealed scar. Some insisted that
this type of flap seems to have lower lymph node quantity and
an unreliable venous system compared to other donor sites
[18,21,22]. We agree with their arguments somewhat, particularly
the difficulty of dissection, but much of the data that have been
published so far have already sufficiently proved the efficacy of
this procedure [20,23–25]. Furthermore, there have been recent
conflicting studies showing that the lymph node quantity in the
supraclavicular flap was comparable to other types of VLN flaps in
both cadaver and fresh human specimen studies [26,27]. Above
all, most patients tended to be reluctant to have a long linear
scar on the submental area. In general, Asian skin has a tendency
toward scar formation and it is more prominent than Caucasians
[28]. Thus, we used supraclavicular VLNT as a primary option for
lymph node flap.

In our case series, we tried to include not only deep cervical
nodes, but superficial lymphoid tissue as much as possible.
Supraclavicular lymph nodes are anatomically divided into superfi-
cial and deep compartment, which is defined by the middle cer-
vical fascia medially and supraclavicular nerves laterally [29]. By
including as much lymphoid tissue as possible, it may have con-
tributed to securing sufficient lymph node quantity for a positive
on LEL index.

There are also many different opinions with regard to the
recipient site for VLNT [13,24,25]. In general, the groin and poplit-
eal fossa are considered a poor candidates for the recipient site,
because it is theoretically unreasonable that the transferred lymph
nodes absorb the lymph fluid against the force of gravity.
Published literatures to date have suggested the dorsal crease of
ankle as a main recipient site [3,5,27]. However, in this study, we
used the posterior tibial artery as a recipient vessel due to several
advantages. The posterior tibial artery is a traditionally used
recipient site for the reconstruction of the lower extremity. It can
preserve the distal circulation of the lower extremity when an
anastomosis is performed in an end-to-side fashion. Also, it is

advantageous to secure space for flap insetting, and leaves a less
prominent scar than an anterior recipient site.

In another aspect, a recent report regarding the detailed anat-
omy of the lymphatics in the lower extremity using fresh human
cadavers broadened our understanding of the lymphatic system
[30]. According to Shinaoka’s study, LVAs at the dorsum of the
foot or the superior edge of the knee appear to be act on an
anteromedial lymphatic pathway, while a supraclavicular VLNT at
the posterior tibial vessel seems to be act on a posteromedial
lymphatic pathway. Because most lymphatic vessels ran along
anteromedial and posteromedial pathways, we presumed that our
approach showed synergistic effects on both pathways. Therefore,
it seems that the use of a posterior tibial vessel as a recipient
would be an anatomically reasonable approach.

Now, it is well-established that LVA alone is less effective in
lower extremities than upper extremities [31,32]. Similarly, we
experienced a lower circumference reduction rate in the lower
extremities than in the upper extremities in our previous study
[33]. In the review of our patients, many patients who underwent
LVA alone showed good results in the beginning, but returned to
the preoperative state after six months to a year. While several
centers reported good results for LEL with LVA alone [34], our
viewpoint is that LVA alone could work in selected patients at an
early stage. Because lower extremities are much larger and more
gravity-dependent than upper extremities, the surgical
approaches for the upper and lower extremities should be separ-
ate [23]. Therefore, we combined both a supraclavicular VLNT and
LVAs to realize the benefits of both procedures.

In our opinion, additional LVAs at other sites could reinforce
the effect of a VLNT. Based on an experimental study, a VLN flap
takes at least three months to act as a pumping plant [9]. At this
early period, the main effect of improvement effect comes from
the LVA. Also, the recipient site for the flap is limited to the distal
part of the limb as mentioned above. In this case, LVA could sup-
port the lymphatic flow, especially in a proximal lesion. Thus, we
routinely performed as many LVAs as possible at multiple sites.
LVA is a relatively minimally invasive procedure without donor-

Figure 2. Pre- and postoperative clinical images of Patient no. 6. (A) A 69-year-old woman had suffered bilateral lower extremity lymphedema for 6 years following a
hysterectomy. The LEL index at her left leg was 270.6 preoperatively. (B) Preoperative lymphoscintigraphy showed a significant amount of dermal back flow in both
lower extremities, in which the left side showed a worse condition. (C) Simultaneous supraclavicular lymph node transfer and three lymphaticovenular anastomoses at
the dorsum of foot, ankle and the superior edge of the knee were performed. At 14 months, her left LEL index was reduced to 248.6 postoperatively.
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site morbidity, so easily accessible during flap harvesting. We con-
sidered it a bridging technique for long-term improvement.

Meanwhile, there may be a question of whether LVA is useful
in the late stage. As is well known, LVA is considered more effect-
ive in the early stages than the late-stage. In general, patients
with late-stage disease with a significant dermal back flow are not
candidates for LVA, because the lymphatic vessels become scler-
otic, and cannot provide effective long-term results [2,35]. We
also had a lot of difficulites in opration of a patient with stage III
clinical lymphedema (Patient no. 7), because there were few
healthy lymphatic vessels. Therefore, a combined approach may
be more appropriate for patients with stage II clinical lymphe-
dema, rather than patients with stage III.

In recent days, various imaging modalities including lympho-
scintigraphy, SPECT/CT, MR lymphography, ICG lymphography,
and ultrasonography have been introduced to preoperatively
evaluate pathophysiological stage of LEL [36–39]. In the past, it
was mainly up to microsurgeon’s intuition and skill to find the
lymphatic vessel and matching venule. However, with the advent
of ICG lymphography, it was well known that operative results
depends largely on the severity of lymphosclerosis [40]. In add-
ition, it has been recommended to perfom LVA in the region
showing linear pattern based on the finding of ICG lymphography

[41,42]. In our institution, lymphoscintigraphy and ICG lymphogra-
phy are currently the most commonly used modalities.
Ultrasonography is also frequently used to find functional lymph-
atic vessels. Looking back on the development of lymphatic sur-
gery over the past decade, it is expected that preoperative
lymphatic mapping and objective postoperative evaluation using
these imaging modalities will be more important in the future.

There are several techniques for flap monitoring, such as hand-
held Doppler, implantable Doppler, color duplex sonography and
tissue oximetry. In the case of supraclavicular VLN flap, the most
reliable monitoring tool might be an implantable Doppler. Teven
et al. reported that implantable Doppler monitoring for vascular-
ized lymph node transfers showed 100% sensitivity and 97.9%
specificity [43]. However, there is no commercially available
implantable Doppler in our country. Instead, we used color
Doppler sonography for flap monitoring and could confirmed the
intact blood flow to the buried flap (Figure 1). Color Doppler son-
ography is advantageous for finding the pulsation of vessels in
real-time, even small perforators less than 0.5mm [44].

There were several limitations in this study. First, it included a
relatively few patients and used only single-center data. Second,
we could not demonstrate the result of combined surgical
approach when compared to the outcome of each intervention,

Figure 3. Intraoperative clinical image of Patient no. 6. (A) Preoperative design of the supraclavicular flap dissection. (B) Elevated state of the supraclavicular lymph
node flap. (C) Supraclavicular lymph node flap with one artery and one vein. (D) Lymphaticovenular anastomosis in an end-to-end fashion at the ankle
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LVA only or VLNT only. Because the number of patients with LEL
in our institution is still small, we are trying to conduct those
comparative analyses as a follow-up study. Third, the results were
limited due to relatively short-term follow-ups. To determine if
the VLN flap functions for a long-term period, further follow-up
for more than two years may be required. In this respect, this
study can be understood as a preliminary report, and the follow-
up research is planned to report the long-term results. However,
from the result of this study, our combined approach seems to be
beneficial for patients with LEL, especially in stage II clinical lym-
phedema. Thus, it is expected that this study will serve as the
basis for supporting the validity of a simultaneous supraclavicular
VLN flap and LVA.

Conclusion

In patients with LEL, a combined approach with supraclavicular
VLNT and LVA showed a significant decrease of circumference. In
particular, the effect of supraclavicular VLNT could have been

maximized by harvesting both superficial and deep compartment.
Larger series with longer follow-up is needed to confirm
our findings.

Acknowledgements

The first author (J. H. Chung) expressed his gratitude and respect
to his mentor Dr. David W. Chang at Chicago University.

Disclosure statement

We have no potential conflicts of interest relevant to this article
to report.

ORCID

Jae-Ho Chung http://orcid.org/0000-0002-8351-2444

Figure 4. Pre- and postoperative clinical image of Patient no. 8. (A) A 41-year-old woman had suffered left lower extremity lymphedema for three years following a
hysterectomy. She underwent the operation of lymphaticovenular anastomoses at the ankle and knee level at other hospital. However it deteriorated and showed a
repetitive lymphangitis. The LEL index at her left leg was 430.5 preoperatively. (B) Image of indocyanine green lymphangiography showing few patent lymphatic ves-
sels with severe dermal backflow. (C) Simultaneous supraclavicular lymph node transfer and three lymphaticovenular anastomoses at the ankle and the superior edge
of the knee were performed At 15 months, her left LEL index was reduced to 347.6 postoperatively.

Figure 5. Intraoperative clinical image of Patient no. 8. (A) Elevated state of the supraclavicular lymph node flap. (B) Supraclavicular lymph node flap including both
superficial and deep compartment.
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