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Between 2010 and 2016, 110 patients with extremity lymphedema underwent vascularized lymph node (VLN) transfer: groin (G-VLN¼ 20),
supraclavicular (SC-VLN¼ 54), and right gastroepiploic (RGE-VLN¼ 36) open and laparoscopic approach. Herein, we discuss the pearls and
pitfalls for VLN harvest and compare donor site morbidity and complications. Lymphatic leakage: G-VLN (n¼ 1) and SC-VLN (n¼ 1) and one
hematoma: SC-VLN were found. Laparoscopic harvest of the RGE-VLN reduces donor site morbidity. However, surgeons experience is
imperative to minimize donor site morbidity and complications.
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INTRODUCTION

Vascularized lymph node (VLN) transfer has shown promising
results in the microsurgical management for extremity lymphedema
[1–4]. During the last decade, search for the least invasive technique and
with a reduced number of donor site complications, has challenged the
surgeon to explore more surgical techniques in VLN transfer surgery
[5–12]. However, there are still some concerns regarding donor site
morbidity following VLN harvest [13–19].

After transferring VLNs there is always a risk to develop
lymphedema, lymphorrea, or other unexpected complications at the
donor site [17–19]. Even though the knowledge for the surgical
treatment of lymphedema has increased and several VLN flaps have
been described, currently, there are no reports comparing different
donor sites for VLN transfer with long-term outcomes and follow-up
from a single center experience.

Herein, we present our experience with three different lymph
node flaps used for the treatment of patients with extremity
lymphedema. The aim of this study is to compare donor site
morbidity and complications after VLN transfer with the most
common flaps used in our department in the past 6 years. In
addition, we will discuss the pearls and pitfalls for flap harvest that
we have been using in order to avoid potential complications and
improve final outcomes.

MATERIALS AND METHODS

This is an institutional retrospective review of a prospective
maintained database based of a single surgeon experience at China
Medical University Hospital in Taichung, Taiwan. Between 2010 and
2016, 160 patients were diagnosed with upper and lower extremity
lymphedema and were clinically staged according to the International
Society of Lymphology (ISL) [20]. All of them underwent VLN
transfer. However, in order to be included in this study, patients required
at least a 2-year follow-up. Based on these criteria, we selected the
VLN’s used in our unit in the last 6 years: groin (G-VLN),
supraclavicular (SC-VLN), and right gastroepiploic (RGE-VLN)

open and laparoscopic approach. In order to compare the different
donor sites, we reviewed: lymphedema stage, etiology, limb affected,
duration of symptoms, postoperative pain, numbness, intraoperative
and postoperative complications, iatrogenic lymphedema, and flap
harvest details. In addition, demographic data including gender, age,
and BMI were obtained and summarized. Statistical analysis was
performed with Student’s t test, values of P< 0.05 were considered
significant. All calculations were done using SPSS V 20 for Mac OS X
(IBM SPSS Statistics).

RESULTS

From the 160 patients who underwent VLN transfer, 110 patients (28
male and 82 female) met inclusion criteria of 2-year follow-up. The
average age was 51.0� 9.8 years (range 17–78 years). A total of
(n¼ 11) patients with primary and (n¼ 99) patients with secondary
lymphedema were analyzed. A total of 41 patients were diagnosed with
upper extremity lymphedema. One male patient had primary upper
extremity lymphedema. The rest of the 40 patients with upper extremity
lymphedema were secondary to breast cancer treatment. Patients with
lower extremity lymphedema included primary (n¼ 10) and secondary
to treatment of gynecologic cancer (n¼ 31), urologic conditions
(n¼ 7), melanoma (n¼ 14), and trauma (n¼ 7). The mean body mass
index (BMI) was 27.2� 2.6 (range: 23–35). The mean duration of
lymphedema symptoms was 31.6� 14.5 months (range: 8–76 months).
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The number of VLN transfer was as follow: G-VLN (n¼ 20), SC-VLN
(n¼ 54), RGE-VLN open (n¼ 19), and RGE-VLN laparoscopic
(n¼ 17). Patients with upper extremities lymphedema underwent
G-VLN (n¼ 10), SC-VLN (n¼ 11), RGE-VLN open (n¼ 11), and
RGE-VLN laparoscopic (n¼ 9). Patients with lower extremities
underwent G-VLN (n¼ 10), SC-VLN (n¼ 43), and RGE-VLN open
(n¼ 8) and RGE-VLN laparoscopic (n¼ 8).

Regarding the mean operative time for flap harvest was: the G-VLN
required 92.5� 12.7 (range: 75–120) min, the SC-VLN 78.7� 24.9
(range: 35–135) min, the RGE-VLN open approach 92.6� 9.8 (range:
80–110) min, and the laparoscopic RGE-VLN 33.1� 4.4 (range:
25–41) min.

The average hospital length of stay for the G-VLN was 12.3� 1.5
(range: 10–14) days, for the SC-VLN was 13.4� 2.4 (range: 10–19)
days, for the open RGE-VLN was 13.1� 1.2 (range: 10–15) days, and
for the laparoscopic RGE-VLN was 5.7� 0.7 (range: 5–7) days.

Patients’ mean follow-up time was 31.4� 5.9 (range: 24–40)
months for the G-VLN, 33.0� 7.0 (range: 24–49) months for the
SC-VLN, 26.6� 2.8 (range: 24–35) months for the RGE-VLN open
approach, and 25.6� 1.8 (range: 24–29) months for the RGE-VLN
laparoscopic approach.

In terms of complications, one patient presented with lymphatic
leakage at the donor site after a G-VLN harvest. However, the patient
was treated successfully by ligation of lymphatic channels, local
compression, and drain placement for approximate 14 days. Another
patient presented with lymph leakage after SC-VLN transfer. However,
this patient was managed conservatively with compression. One patient
presented with a hematoma in the immediate postoperative period after
the SC-VLN. This required return to the operating room for ligation of
the transverse cervical artery (TCA).

During the follow-up period, no other patients presented with any
signs or symptoms of donor site lymphedema, lymphorrea,
postoperative cellulitis, or wound complications. Results are
summarized in detail in Tables I and II.

DISCUSSION

The most common physiologic procedures for the treatment of
lymphedema are lymphatic-venous anastomosis (LVA) [21–24] and
VLN transfer [1–12]. In the last several years, VLN transfer has been
gaining popularity as a promising option for the surgical treatment of
moderate to advanced lymphedema [6–10,11].

VLN transfer is currently one of the most common procedures
performed in our department [1,7,10–12,25–29]. Based on the
senior’s author experience, we describe the technical details and
compare donor site morbidity of the three most common VLNs used
in our department.

(A) The Vascularized Groin Lymph Node Flap

The vascularized groin lymph node flap was the first VLN described
in the literature [30]. Despite its promising early and long-term results
[6], concerns regarding postoperative donor site lymphedema and
adequacy of the G-VLN vessels have limited its popularity [13,19]. The
G-VLN can be based either on the superficial circumflex iliac artery
(SCIA), the superficial inferior epigastric artery (SIEA), or a small,
unnamed medial branch of the femoral artery (MBFA).

Based on our experience, some of the pitfalls encountered during flap
harvest include: (i) Due to the small vascular diameter and a short

TABLE I. Data of Patients Who Underwent Vascularized Lymph Node Transfer for Treatment of Extremity Lymphedema

Right gastroepiploic VLN

Supraclavicular VLN Groin VLN Open Laparoscopic

Mean SD Range Mean SD Range Mean SD Range Mean SD Range

Age 52.0 13.0 18.0–78.0 43.2 11.5 17.0–61.0 53.3 8.7 34.0–65.0 55.7 6.2 44.0–68.0
Sex

Female 34 13 18 17
Male 20 7 1 0

BMI 27.7 3.0 23.0–35.0 26.1 2.5 22.6–31.0 27.3 2.4 24.0–31.0 27.6 2.8 23.0–32.4
Diagnosis

Primary 8 2 1 0
Secondary 46 18 18 17

Breast cancer relative lymphedema 11 10 10 9
Gynecology cancer relative lymphedema 17 0 7 7
Urology cancer relative lymphedema 7 0 0 0
Melanoma 5 8 1 0
Traumatic 6 0 0 1
Stage of lymphedema

Stage II 19 11 8 9
Stage III 35 9 11 8

Limb affected
Upper limb 11 10 11 9
Lower limb 43 10 8 8

Bilateral lower limb lymphedema 4 2 0 0
Duration symptoms (months) 27.5 16.9 12.0–76.0 24.7 15.3 8.0–65.0 29.6 12.6 10.0–52.0 35.9 13.1 16.0–61.0
Hospital stay 13.4 2.4 10.0–19.0 12.3 1.5 10.0–14.0 13.1 1.2 10.0–15.0 5.7 0.7 5.0–7.0
Flap harvest operating time (min) 78.7 24.9 35.0–135.0 92.5 12.7 75.0–120.0 92.6 9.8 80.0–110.0 33.1 4.4 25.0–41.0
Complications

Iatrogenic lymphedema 0 0 0 0
Hematoma Postoperative (1)
Lymphatic leakage Postoperative (1) Intraoperative (1)
Wound infection 0 0 0 0
Seroma 0 0 0 0
Dehiscence 0 0 0 0

Follow up (months) 33.0 7.0 24.0–49.0 31.4 5.9 24.0–40.0 26.6 2.8 24.0–35.0 25.6 1.8 24.0–29.0

VLN, vascularized lymph node; SD, standard deviation.
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pedicle of the SCIA, we include a small “cuff” measuring approximate
between 1 and 1.2mm from the femoral artery at the origin of SCIA.
This cuff allows us to perform the anastomosis faster and improves its
patency rate [31]. (ii) When the SCIA is not suitable for microvascular
anastomosis, the flap should be re-designed and based on a different
vessel, such as the MBFA or SIEA [32]. Prior reports have shown that
the groin area has different subset of lymph nodes [33–34]. Keeping this
in mind, it provides key anatomical landmarks in order to avoid the risks
of donor site lymphedema and helps harvest adequate VLNs for
transfer. When using the MBFA, care should be taken to avoid
harvesting the sentinel lymph nodes in the groin, since they will
preserve the lymphatic drainage of the lower extremity and avoid
iatrogenic donor site lymphedema [13]. In this series, when the G-VLN
was harvested, we used the SCIA in 70% of patients and the MBFA in
30% of the patients for an antegrade vascularization. (iii) However,
when the SCIA or MBFA were not suitable for anastomosis, the
retrograde vascularization of SCIA was performed using the lateral part
of the SCIA to vascularize the flap in a retrograde fashion. In one case, it
was used when the lymph nodes were adjacent to the femoral artery,
since the lymph nodes would decrease the length of the vascular stump
during themicrosurgical anastomosis if the flap had been harvested with
an antegrade vascularization. In one other patient, the retrograde
vascularization was used when the caliber of the SCIA decreased
toward its origin from the femoral artery. (iv) For the venous
anastomosis, we always include two veins within the flap, the
concomitant vein and a branch of the greater saphenous vein, or
another suitable cutaneous vein. We believe that having two draining
routes during lymph node transfer will aid increase the lympho-venous
outflow from the flap into the systemic circulation [35]. The inclusion of
skin paddles in VLN transfers has aided in postoperative monitoring,
flap harvest, and relieving tension over the flap at the time of inset. In
our series when using the G-VLN, we removed the skin component in
only one case, due to the increased thickness of the flap. Regarding
complications, we only encountered one case of lymphatic leakage after
G-VLN flap harvest (Fig. 1A). This was most likely due to injury of an
abnormal variation of the lymphatic channels in the groin area. This was
treated by ligation and clipping of leaking lymphatic channels and
placing appropriate drains until no lymph fluid was seen in the
postoperative period. After a 2-year follow-up, the patient did not
present with any clinical signs or symptoms of lymphedema from the

donor site (Fig. 1B) confirmed by postoperative lymphoscintigraphy
(Fig. 1C).

All these techniques were applied during G-VLN in order to prevent
problems during flap harvest and to avoid any potential complications
or iatrogenic lymphedema.

(B) The Vascularized Supraclavicular Lymph Node Flap

In 2012, Becker et al. described the first cervical VLN also known as
the supraclavicular lymph node flap (SC-VLN), which is based on the
TCA [5]. Later, our group reported a series of clinical outcomes in
patients who were treated with this flap for lower extremity
lymphedema [7]. During our experience, some of the pearls used in
order to avoid complications were: (i) All flaps were harvested from the
right side of the neck to avoid potential injury to the thoracic duct. (ii)
All flaps were based on the TCA. For flap harvest the transverse cervical
vessels are identified within the pre scalene adipose tissue. Careful
dissection will ensure that the artery is not separated from the overlying
adipose tissue, which include the lymph nodes. (iii) We experienced
two cases of anatomical variation of the TCA; in both cases, the TCA
was running distally and deep, so the proximal and medial part of the
arterial pedicle was not included during flap harvest. This made us
redesign the flap in a retrograde fashion in order to preserve good blood
supply. In our series, the concomitant transverse cervical vein (TCV) is
also included with the flap and its location is constant, posterolateral,
and superficial to the TCA. (iv) The other venous anastomosis was
performed with one branch of the external jugular vein (EJV). Always
two-vein anastomoses were performed to increase the lymphovenular
bypass of the flap and to prevent flap congestion.

Of note, a prominent cutaneous sensory nerve in all our cases
traversed the SC-VLN. Most often, dissecting the nerve and resecting
the superficial tissue can preserve this nerve, as the majority of the
lymph nodes are deeper. (v) In obese patients with an increase amount
of fat tissue in the neck, a deep dissection is required. However, in some
cases, when the supraclavicular nerve goes through the SC-VLN, we
divide the nerve in order to include the deepest lymph nodes and to
avoid harvesting a bulky flap.

When the supraclavicular nerve is divided, reanastomosis is
recommended since it can lead to pain and numbness in this region.
Our experience indicates that primary repair resulted in faster sensory

TABLE II. Supraclavicular, Groin, and Right Gastroepiploic Vascularized Lymph Node Flaps Anatomical Characteristics

Supraclavicular VLN 54 (n) 100.0 (%) Groin VLN 20 (n) 100.0 (%) Right gastroepiploic VLN 36 (n) 100.0 (%)

Arterial pedicle
Thryrocervical trunk 49 90.7 SCIA 14 70.0 RGE 36 100.0
Subclavian branch 5 9.3 MBFA 6 30.0

Arterial flow
Antegrade 52 96.3 Antegrade SCIA 12 60.0 Antegrade 36 100.0
Retrograde 2 3.7 Retrograde SCIA 2 10.0

Vein pedicle
Concomitanae vein 54 100.0 Concomitanae vein 20 100.0 Concomitanae vein 36 100.0
IJV branch 50 92.6 Greater saphenous branch 20 100.0
Both 50 92.6 Both 20 100.0

Skin paddle 23 42.6 19 95.0
Nerve anastomosis
Yes 10 18.8
No 44 81.2

Pain resolve
6 months 35 64.8
12 months 52 96.3
Persist 2 3.7

Numbness resolve
6 months 25 46.3
12 months 47 87.0
Persist 3 5.6

n, number of patients.
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recovery leaving no long-term sequela (Table II). However, further
studies to confirm these findings are still necessary.

One of the controversies when using this flap is regarding the skin
paddle. The use of skin paddles facilitates the inset of the flap at the
recipient site. However, when the SC-VLN was raised with a skin
paddle, we have noticed that it was not reliable due to venous congestion
and had to be removed intraoperatively in 20% of the cases.

Currently, there is only one report showing iatrogenic lymphedema
after SC-VLN harvest [17]. However, in this series, we did not encounter
any cases of iatrogenic lymphedema of the upper limb. Even though all
SC-VLNswere harvested from the right side of the neck to avoid possible
injury to the thoracic duct, we encountered one patient with donor site
lymphorrea (Fig. 2A), which was managed conservatively with
compression for 14 days. During a 2-year follow-up, this patient had
no signs or symptoms of upper limb lymphedema (Fig. 2B and C).
Another patient had a donor site hematoma, which was detected 30min
after surgery. The patient was brought back to the operating room and
required ligation at the origin of the TCA.

(C) The Vascularized Right Gastroepiploic Lymph Node Flap

The first reported experience using the omental flap to treat chronic
lymphedema was done by Goldsmith et al. [36]. With the use of
microvascular techniques, a free omental flap can be used as a source for
VLN transfer. The use of the isolated vascularized right gastroepiploic

lymphnodeflap (RGE-VLN) basedon the right gastroepiploic vessels can
be harvested by open, laparoscopically, or robotic techniques [10–12].

In our experience, the RGE-VLN has a consistent vascular anatomy
and large caliber vessels, which makes it a very reliable flap to harvest.
However, this flap has only one vein for drainage.

When the RGE-VLN was harvested by open approach, it was
performed using a supraumbilical incision. During dissection, we try to
minimize the use of electrocautery, and use only suture ligation in order to
prevent lymphatic leakage or hematoma from the donor site and from the
flap after inset. However, some of the possible disadvantages of the open
approach are postoperative pain, increased risk of wound infection,
intrabdominal organ damage, adhesions, hernia or bulging of the
abdominal wall, and supraumbilical scar. Prior exploratory laparotomies
canmake the dissectionmore challenging due to the amount of adhesion,
which might increase the risk of omental tissue damage.

The RGE-VLN via laparoscopic approach is ideal for patients with a
high BMI, has less risk of hernia or bulging of the abdominal wall,
decreases the amount of postoperative pain, and hospital length of stay
[11]. In our experience, someof the surgical pearls using the laparoscopic
approach are the following: (i) After the pedicle is identified, dissection
should be performed trying to preserve as much as omental tissue as
possible around the vascular pedicle andminimizing the risk ofdamage to
the fine lymphatic channels, and lymph nodes surrounding the pedicle.
(ii) The RGE-VLN should be dissected close to its origin in order
to preserve an adequate pedicle length for microsurgical anastomosis.

Fig. 2. A 51-year-old female with right lower extremity lymphedema after total hysterectomy, inguinal lymph node dissections, and post-
operative radiotherapy. She underwent a vascularized supraclavicular lymph node transfer to the ankle. However, the 1st day after SC-VLN transfer
patient develop lymph leakage from its donor site (A). This patient was managed conservative using compression y suction drain for 14 days. At
24-month follow-up, the patient did not have any symptom of donor site and right upper limb lymphedema clinically (B) and by lymphocintigraphy
(C) post SC-VLN transfer.

Fig. 1. Patient with left upper extremity lymphedema who underwent vascularized right groin lymph node transfer. (A) Picture shows lymph
leakage after flap harvest. Clip and ligationwas performed. JP drain was placed andmaintained for 6 days. (B) Picture shows at 24months of follow-
up no donor site morbidity from donor site. (C) Postoperative lymphocintigraphy confirmed no iatrogenic lymphedema over the donor site at
24 months of follow-up.
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However, care should be taken close to the origin of the pedicle, to
prevent injuries to the pancreas and/or duodenum as well as their blood
supply. (iii) Blunt and sharp dissection with suture ligation is always
preferred over electrocautery dissection, since high instrument
temperatures or cauterizing close to the pedicle or lymphatic channels
may compromise the vascularity of the transferred flap.

In addition, when the RGE-VLN is extended beyond the midpoint of
the greater curvature of the stomach, it can provide a larger flap, giving
the option to split the RGE-VLN in to two equal portions. This will
potentiate its physiologic mechanism (pump action) [4,35] by insetting
the flap at different levels of the affected limb in one stage procedure.
This in turn, might increase the lymphatic drainage, leading to a more
uniform improvement across the entire affected extremity while
avoiding different donor sites with its possible complications. Also
the double flap might be used in patients with bilateral extremity
lymphedema.

Regarding donor site lymphedema (chyloperitoneum), there are no
reports in the literature showing iatrogenic intra-abdominal
lymphedema following surgical resection of the greater omentum
and its lymph nodes. The omental flap’s major disadvantage is
laparotomy-associated morbidity. Complications reported associated
with laparoscopy harvest of this flap include injuries of the pedicled,
partial graft necrosis, incisional hernia, peritonitis, hemorrhage, and
wound infection [38]. The laparoscopic harvest allowed to harvest the
omental flap with less donor site morbidity [11,37,38]. And during the
follow-up period, we also did not encounter any cases of iatrogenic
intra-abdominal lymphedema or any gastrointestinal complications by
physical exam, or CT-scan imaging after RGE-VLN harvest. Based on
our experience, we quickly transitioned from an open to a laparoscopic
approach due to the significant benefits of a minimally invasive
intervention [10,11].

Even though we try to minimize donor site morbidity and avoid the
use of split-thickness skin graft (STSG), the majority of the RGE-VLN
required a small STSG to avoid tension, and compression on theflap and
its pedicle.

Our major concern with VLN transfer surgery for the treatment of
extremity lymphedema has always been donor site morbidity and
potential donor site iatrogenic lymphedema. In our last 6 years, we have
treated more than 160 patients using this technique with different types
of VLNs, and the results have been promising and with very few minor
complications [10–12].

Currently, the RGE-VLN is our flap of choice for the treatment of
extremity lymphedema due to its lymphatic properties and promising
results. In addition, when the flap is harvested laparoscopically,
decreases postoperative pain, hospital length of stay, and donor site
morbidity (Table I) [11]. However, when the RGE-VLN is not available
due to previous laparotomies, extensive intrabdominal adhesions, or
any other intrabdominal comorbidities, our preference is to choose the
SC-VLN for lower extremity lymphedema or the G-VLN for upper
extremity lymphedema.

The use of VLN transfer for the treatment of lymphedema is a
promising technique. The main weakness of this paper is the lack of
imaging techniques to localize and count the number of lymph nodes
transferred with each flap. However, based on this clinical experience
and using the technical points described, we believe that we can prevent
and minimize donor site complications during flap harvest. Further
studies with larger number of patients and longer follow- up are
required to improve our current surgical approaches, and to help
minimize donor site complications.

CONCLUSION

In lymph node flap transfer surgery, correct flap selection and
surgical experience are imperative in order to reduce donor site
morbidity, iatrogenic lymphedema, and to improve final outcomes.

Based on our experience the RGE-VLN transfer reduces donor site
morbidity, hospital length of stay, and operative time especially when
harvested laparoscopically. However, depending on surgeon’s
expertise and preference, other type of VLN flaps are also good
surgical options.
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SYNOPSIS

The aim of this study is to discuss the pearls and pitfalls for lymph node flap harvest and to compare donor site morbidity and complications at
donor site following vascularized lymph node transfer with the most common flaps used in our unit in 110 patients.
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