
	 www.PRSGlobalOpen.com	 1

Related Digital Media are available in the full-text 
version of the article on www.PRSGlobalOpen.com.

Disclosure: The authors have no financial interest to declare 
in relation to the content of this article. 

Reconstructive

From the Department of Plastic Surgery, The University of Texas 
MD Anderson Cancer Center, Houston, Tex.
Received for publication November 4, 2019; accepted December 18, 
2019.
Copyright © 2020 The Authors. Published by Wolters Kluwer Health, 
Inc. on behalf of The American Society of Plastic Surgeons. This 
is an open-access article distributed under the terms of the Creative 
Commons Attribution-Non Commercial-No Derivatives License 4.0 
(CCBY-NC-ND), where it is permissible to download and share the 
work provided it is properly cited. The work cannot be changed in 
any way or used commercially without permission from the journal.
DOI: 10.1097/GOX.0000000000002675

INTRODUCTION
Vascularized lymph node transfer (VLNT) has proven 

to be an effective technique in treating lymphedema.1–3 
Similar to a free tissue transfer, lymph nodes can be har-
vested from one location and transferred to the affected 
extremity to improve the lymphatic drainage from the 
swollen limb.4 The lymph node transfer requires a micro-
vascular anastomosis to perfuse and maintain the viability 
of the lymph nodes, similar to any other free flap per-
formed for breast reconstruction, lower extremity salvage, 
and head and neck reconstruction. The field of lymph-
edema surgery has experienced tremendous advance-
ments, with improved imaging modalities, superior optics, 
and finer instrumentation, which have translated into sig-
nificant improvements in treatment and patient quality of 
life.5,6 Coupled with these technological advancements, 
reconstructive microsurgeons have gained a greater under-
standing of lymph node physiology and the underlying 
mechanism of function for the transferred nodes.7,8 As the 
knowledge in the field of lymphedema surgery has grown, 
so has the number of potential lymph node donor sites.

Unfortunately, there is a paucity of studies exam-
ining the diverse number of available donor sites. 
Microsurgeons performing lymphedema surgery 

including VLNT must have a broad understanding and 
knowledge of the potential options in their armamen-
tarium to best counsel patients regarding the advantages 
and disadvantages of each donor site and the most appro-
priate option for each patient. Most studies are limited 
by small numbers and focused on a single lymph node 
donor site. Only a few studies exist that provide a more 
comprehensive analysis, with only one study examining 
the breadth of donor sites from a single institution.9,10 
The present study aims to fill this knowledge gap by pro-
viding insights into the most popular available donor 
sites, focusing on the technical aspects of lymph node 
harvest, preoperative planning, postoperative complica-
tions, and outcomes following VLNT.

Supraclavicular Lymph Nodes
The supraclavicular lymph nodes are a suitable donor 

site for both upper and lower extremity lymphedema and 
have proven to be effective, with low morbidity and high 
efficacy.11 Harvesting the supraclavicular lymph nodes is 
relatively straightforward and based on 3 landmarks: the 
clavicle, sternocleidomastoid muscle, and internal jugular 
vein.12 Within this triangular boundary, the lymph nodes 
representing a level 5 neck dissection can be safely har-
vested for VLNT. The primary pedicle consists of the trans-
verse cervical vessels, which most commonly arise from the 
thyrocervical trunk but can arise directly from the subcla-
vian artery. On average, the pedicle is just under 5 cm long 
with a slightly larger mean arterial diameter on the right 
than the left (2.03 ±  0.83 versus 1.80  ±  0.77 cm).13 The 
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authors prefer to include an overlying skin paddle with 
the lymph nodes for monitoring purposes, although the 
supraclavicular nodes can also be harvested alone without 
a skin paddle (Fig. 1). Aside from the benefits of moni-
toring, including a skin paddle also provides additional 
volume, which is often helpful to fill the dead space cre-
ated following release of scar contracture, particularly in 
the axilla for upper extremity lymphedema. Although the 
literature contains only one report of donor site lymph-
edema following harvest of supraclavicular nodes,14 the 
authors still recommend preoperative lymphoscintigraphy 
to avoid donor site lymphedema or worsening a patient’s 
upper extremity lymphedema if the supraclavicular nodes 
are harvested from the ipsilateral side. If the supraclavicu-
lar nodes are harvested from the left side, caution should 
be taken to avoid injury to the thoracic duct, which can 
lead to a devastating chyle leak.

The authors design the supraclavicular harvest based 
on the location of a perforator that is identified using a 
handheld Doppler. Once a signal locating a perforator is 
localized, the superior incision is made first in a natural 
skin crease, and the dissection is carried down to the level 
of the anterior scalene muscle, which represents the deep 
margin of the dissection. The omohyoid tendon is routinely 
divided during the harvest. The phrenic nerve should be 
identified and carefully protected. The lateral aspect of 
the dissection proceeds medially from the sternocleido-
mastoid muscle to the internal jugular vein. The transverse 
cervical vessels can be identified laterally or medially from 
their origin; however, the operating microsurgeon should 
be aware of the potential anatomic variation as far as the 
source vessels. The vessels should be traced to their take off 
to maximize their length and caliber. The inferior incision 
is then made to include a skin paddle with the flap and 
complete the flap harvest. The external jugular vein often 
passes through the flap and often is ligated during the 
harvest of the supraclavicular lymph nodes (See Video 1 
[online], which displays a supraclavicular lymph node har-
vested from the right side which is recommended to avoid 
any potential injury to the thoracic duct. A skin paddle is 

harvested with the flap for monitoring purposes and for 
additional soft tissue volume.)

Submental Lymph Nodes
The submental lymph nodes represent an ideal VLNT 

donor site in patients with excess tissue in this area where 
harvest of the nodes also improves the contour of the 
neck without the risk donor site lymphedema. Facial 
edema and donor site lymphedema following harvest 
of the submental nodes have never been reported. The 
submental lymph node flap is supplied by the submental 
branch of the facial artery and usually includes an average 
of three nodes, although there can be some variability in 
the number of nodes in this donor site basin.15–17

In general, a reliable skin paddle can be harvested with 
the submental lymph nodes, and again, this is the preferred 
technique for the authors to provide additional bulk in the 
recipient site, for monitoring, and for the potential theo-
retical benefit of the dermal lymphatics in improving drain-
age from the extremity (Fig. 2). The skin paddle is designed 
based on the amount of redundant tissue and laxity in the 
submental region, and as with the supraclavicular nodes, a 
handheld Doppler can be used to help identify a skin per-
forator arising from the submental artery. The skin incision 
is made in a natural crease, and the dissection proceeds 
through the platysma, which can be included in the flap or 
preserved. The submental nodes lie in close proximity to 
the submental artery adjacent to the mandible, and the dis-
section proceeds from an anteromedial to a posterolateral 
direction. The pedicle typically travels superior to the sub-
mandibular gland, but it can also travel through the gland, 
increasing the difficulty of the flap dissection. The marginal 
mandibular nerve almost always crosses superficial to the 
facial artery at the level of the mandible and should be 
identified and preserved during flap elevation.17,18

Superficial Inguinal Nodes
The superficial inguinal node transfer is a popular 

option, but is only usable for a patient with upper extrem-
ity lymphedema. Every patient undergoing an inguinal 

Fig. 1. Intraoperative view of supraclavicular lymph node flap harvest. A, Supraclavicular node harvest 
including a skin paddle based off of a perforator which provides a means for flap monitoring and addi-
tional bulk. B, From the undersurface of the flap, the transverse cervical vessels can be visualized passing 
through the flap to perfuse the nodes and the skin paddle. *indicates the transverse cervical vessels.
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lymph node transfer should undergo preoperative lym-
phoscintigraphy to identify the sentinel nodes draining 
the leg to prevent donor site lymphedema. The superficial 
inguinal nodes are based off the superficial circumflex 
iliac vessels, but they can also be supplied by the super-
ficial inferior epigastric vessels. Therefore, a skin paddle 
can also be harvested with the flap for monitoring and 
for additional bulk if needed. The superficial circumflex 
iliac perforator (SCIP) flap is essentially the skin paddle of 
the flap, so the flap is designed and harvested in a similar 
fashion.19,20 Again, a handheld Doppler is used to identify 
a perforator supplying the overlying skin (Fig. 3).

The axis of the superficial inguinal lymph nodes is ori-
ented parallel to the inguinal ligament, and the skin incision 

is made in a natural skin crease with dimensions allowing 
for primary closure of the donor site. The dissection pro-
ceeds down to the level of the abdominal wall and fascia and 
progresses medially to maximize the length and caliber of 
the superficial circumflex iliac vessels. The inguinal nodes 
are often situated more medially and can be located near 
the junction between the superficial circumflex iliac and the 
superficial inferior epigastric vessels. Therefore, the flap can 
be based on the superficial inferior epigastric vessels as well. 
However, caution should be taken not to progress too medi-
ally as the sentinel nodes draining the lower extremities are 
typically located more medially. The lymph nodes included 
in the flap should be situated above the level of the inguinal 
ligament and lateral to the femoral vessels to avoid injur-
ing or harvesting the sentinel nodes draining the leg (See 
Video  2 [online], which displays a cadaveric dissection of 
the inguinal lymph node donor site including a skin paddle 
which is the same skin paddle for a SCIP flap).

In patients suffering from breast cancer-related lymph-
edema (BCRL) who are also interested in breast reconstruc-
tion, the inguinal nodes can be harvested safely in conjunction 
with a deep inferior epigastric perforator (DIEP) flap using 
a similar approach.21–23 The inguinal nodes remain attached 
to the DIEP flap based on a wide-based adipofascial pedicle, 
which is often sufficient to maintain perfusion and viability 
of the nodes. However, the superficial inguinal nodes should 
be harvested centered around either the superficial inferior 
epigastric or superficial circumflex iliac vessels. If the nodes 
are not adequately perfused through the DIEP pedicle, an 
additional anastomosis of the superficial vessels to recipient 
vessels in the axilla is warranted.

Lateral Thoracic Nodes
The lateral thoracic lymph node donor site historically 

has been associated with the highest complication rates 
among all donor sites with high rates of seromas, lym-
phoceles, and donor-site lymphedema. However, when 

Fig. 2. Submental lymph nodes harvested based off the submen-
tal artery. A skin paddle is also routinely harvested with the flap for 
monitoring and potentially for the benefit of dermal lymphatics that 
may aid the lymphatic drainage from the affected extremity. The yel-
low arrow indicates the main pedicle to the submental lymph nodes. 
The white arrow indicates a lymph node in the submental flap. The 
blue arrow represents a perforator supplying the skin paddle.

Fig. 3. Inguinal lymph nodes based off the superficial circumflex 
iliac vessels with inclusion of the skin paddle which is the same as 
the superficial circumflex iliac perforator flap.

Fig. 4. Lateral thoracic nodes harvested based off the lateral thoracic 
vessels including a skin paddle that can be used both for monitoring 
purposes as well as to provide additional bulk in the recipient site 
following release of scarring in the recipient bed. The white arrow 
identifies the thoracodorsal pedicle to the latissimus dorsi muscle.
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performed with proper technique and training and taking 
appropriate precautions, the donor site morbidity of lat-
eral thoracic node harvest is no greater than that of other 
donor sites.9 For patients with upper extremity lymph-
edema, harvest of the ipsilateral lateral thoracic nodes 
typically is not an option, as they have often been removed 
during the axillary dissection or can further compromise 
the drainage of the affected arm. As with the other donor 
sites, preoperative lymphoscintigraphy should be per-
formed to minimize the risk of donor site lymphedema 
when harvesting the lateral thoracic nodes.

The lateral thoracic artery, which is the classic pedicle 
to the lateral thoracic lymph nodes, originates from the 
axillary artery, but anatomic variations can exist, with vari-
able origin or complete absence of the lateral thoracic 
artery altogether. An alternative pedicle is the thoracodor-
sal artery, which can also supply the lateral thoracic nodes. 
However, if the thoracodorsal vessels are utilized for a lat-
eral thoracic lymph node transfer, this sacrifices the latis-
simus dorsi and precludes the use of a workhorse flap in 
breast reconstruction. However, studies reporting on the 
combination of a latissimus dorsi flap with the lateral tho-
racic nodes have demonstrated promising results similar 
to those combining an abdominal based flap with the 
inguinal nodes for breast reconstruction and treatment of 
BCRL.24,25 As with the supraclavicular and inguinal nodes, 
the authors recommend including a skin paddle, which 
may be supplied by the lateral thoracic artery or the tho-
racodorsal artery. If the thoracodorsal pedicle is used, the 
perforator supplying the skin paddle is the perforator of 
the thoracodorsal artery perforator flap.25

The dissection of the lateral thoracic lymph nodes also 
begins with identification of the perforator to the overly-
ing skin, which is classically approximately 8–10 cm caudal 
from the axillary fold in the midaxillary axis. The incision 
is made anteriorly, and the dissection proceeds posteriorly 
until a perforator is visualized, typically near the anterior 
border of the latissimus dorsi muscle. The lateral thoracic 
nodes are lateral to the breast and pectoralis major muscle 
and can extend deep between the muscle and the chest 
wall (Fig. 4). On average, three nodes in this location can 
be transferred safely based on either the lateral thoracic 

or thoracodorsal artery. The lateral thoracic pedicle is 
often shorter than the thoracodorsal pedicle, but has a 
usable average diameter of 2.2 mm and average length 
of 3.6 cm. The thoracodorsal pedicle can be considerably 
longer with a larger caliber artery and vein.26

Mesenteric Lymph Node
The mesenteric lymph nodes have gained in popularity 

as an alternate donor site for VLNT.27 The lymph nodes in 
the mesentery of the jejunum are best harvested using an 
open approach through a limited midline incision, where 
the jejunum can be externalized. The externalized seg-
ment allows for transillumination of the mesentery to best 
visualize the vascular arcade as well as the lymph nodes.28 
Both the number of nodes taken and the pedicle should 
be carefully selected to avoid ligating a main branch of 
the mesentery, which can compromise the perfusion to 
that segment of the bowel. Consequently, the number of 
lymph nodes and bulk of soft tissue that can be harvested 
are very limited (Fig. 5).

Using the mesenteric nodes has significant disadvan-
tages, such as the need for intra-abdominal harvest via a 
laparotomy, which can be associated with a risk of injury 
to the bowel or other intra-abdominal structures, an inci-
sional hernia, leakage of the bowel anastomosis, or isch-
emic bowel. However, use of the mesenteric nodes has 
never been associated with donor site lymphedema.

Gastroepiploic Nodes and Omentum
Another donor site that has been gaining in popular-

ity is the free gastroepiploic lymph nodes and the greater 
omentum, which can be harvested using a minimally invasive 
laparoscopic approach or an upper epigastric incision.29 The 
omentum, including the gastroepiploic nodes, can be har-
vested based on the right and/or left gastroepiploic vessels and 
used for treatment of bilateral lymphedema or for dual-level 
lymph node transfer to the same extremity (Fig. 6). Anatomic 
studies have demonstrated an average of 3 nodes along the 
vascular pedicle. However, the omentum also contains lym-
phatic tissue or “lakes” that can aid in fluid absorption in the 
affected lymphedematous limb. The gastroepiploic arteries 
are typically of reasonable size, measuring nearly 2.5 mm in 

Fig. 5. The lymph nodes residing in the mesentery of the jejunum can also be harvested for vascu-
larized lymph node transfer. *indicates the pedicle to the mesenteric lymph nodes. A, Note the short 
pedicle length and small volume of the mesenteric lymph nodes. B, The lymph nodes are placed into 
the affected extremity and in this case, implantable Dopplers were used for monitoring, and a vein graft 
was needed for the arterial anastomosis. * identifies the implantable Doppler placed around the vein of 
for monitoring of the venous anastomosis. ** indicates the vein graft.
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diameter, whereas the veins are often considerably larger but 
very thin walled.30

Although use of the gastroepiploic nodes and omen-
tum is not associated with a risk of donor site lymph-
edema, any intra-abdominal operation can be associated 
with risks of an incisional hernia, adhesions, or inadver-
tent injury to adjacent structures, similar to harvest of the 
mesenteric lymph nodes. Patients undergoing laparo-
scopic harvest should always be counseled regarding the 
potential need to convert to an open operation. Another 
rare but potential complication is pancreatitis. A complete 
history and thorough abdominal examination should be 
performed to ascertain whether a patient has had prior 
abdominal surgeries. Patients who have undergone a 
number of abdominal operations may not be candidates 
for a laparoscopic approach or for an omental flap at all. 
Although the authors often perform imaging to evalu-
ate patient anatomy as well as the gastroepiploic vessels 
and superior mesenteric axis, preoperative imaging is of 
limited utility in assessment of adhesive disease burden 
and density. In patients for whom additional bulk and 
volume are needed for obliteration of the dead space fol-
lowing a thorough scar release, which commonly occurs 
in the axilla for patients with BCRL, the omentum is an 
excellent option for providing additional volume. We 
and others favor using indocyanine green angiography 
to confirm the viability and perfusion of the omentum 
that is transferred, and any areas that are poorly perfused 
should be removed.31

DISCUSSION
As the field of supermicrosurgery for lymphedema 

expands, new donor sites for VLNT are continuously emerg-
ing. Regarding the most common donor sites described, the 
decision to use one versus the other should be based on a 
thorough discussion with the patient about their advantages 
and disadvantages.32 Although the literature comparing the 
different donor sites is somewhat sparse, most studies have 
demonstrated excellent outcomes with each donor site. To 
our knowledge, no meta-analyses comparing the efficacy of 
the donor sites exists, but one comprehensive review demon-
strated equivalent outcomes with all donor sites except for 
the lateral thoracic lymph nodes.9 However, this may reflect 
limited number of patients, early experience and early learn-
ing curves of the microsurgeons, and lack of consistency 
in follow-up and valid outcome measures. One study com-
pared the submental donor site to the inguinal nodes and 
demonstrated superior outcomes with fewer complications 
in patients undergoing submental node transfer.33 Despite 
these findings, the study was limited due to small numbers 
and a clear bias favoring the submental donor site in terms of 
numbers, experience, and surgeon preference.

The authors have found all donor sites to have equiva-
lent efficacy in terms of effectiveness in improving both 
lymphedema and limiting donor site morbidity. With 
appropriate training in lymphedema surgery, and safe, 
proper technique, all donor sites can produce excellent 
results in improving the lymphatic drainage from the 
affected limb. The primary factor in deciding which donor 
site to use is not the degree of improvement that can be 

Fig. 6. The omentum and gastroepiploic nodes provide sufficient volume as well as a large lymphatic 
organ that can provide volume to fill dead space following release of scar tissue. A and B, Omental and 
gastroepiploic nodes transferred into the axilla for treatment of breast cancer related lymphedema. C, 
Laparoscopic harvest of omentum through a minimally invasive approach. D, The omentum can be split 
into two separate flaps for treatment of bilateral lower extremity lymphedema.
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achieved but considerations regarding each respective 
donor site. Historically, use of the lateral thoracic lymph 
nodes has been less efficacious than other VLNT donor 
sites and has been associated with the highest risk of donor 
site lymphedema, lymphoceles, and seromas. However, 
the inguinal nodal basin also has been associated with 
donor site complications. Only one case report of a supra-
clavicular node harvest precipitating lymphedema of the 
donor upper extremity has been reported, which is why 
we recommend performing preoperative lymphoscintig-
raphy for all patients undergoing a lateral thoracic, supra-
clavicular, or inguinal lymph node transfer to identify the 
sentinel nodes to be preserved during the node harvest. 
Reverse lymphatic mapping should also be performed to 
minimize the risk of donor site lymphedema.34

In addition to the risk of donor site lymphedema 
which has never been described following harvest of the 
submental or intra-abdominal nodes, donor site scarring 
should be discussed with patients. Although the inguinal 
and lateral thoracic donor site scars are easily concealed 
in clothing, the other donor sites can leave visible scars 
that may be concerning for patients. Overall, proponents 
of submental and supraclavicular lymph node transfer 
have demonstrated the scars at those sites are well toler-
ated but should be discussed with patients nonetheless. 
The gastroepiploic nodes and omentum as well as the 
jejunal mesenteric nodes are most commonly harvested 
via an open approach, which can leave relatively larger 
scars as well which may be an issue for some patients. 
Aside from the abdominal scars, patients should be cau-
tioned and educated regarding the risks of an incisional 
hernia, adhesions, potential for a bowel obstruction, and 
other complications and injuries to the viscera and bowel. 
If the omentum is harvested laparoscopically, which is the 
authors’ preference, the patient should always be warned 
of the risk of needing to convert to an open operation. 
Although the authors favor a minimally invasive approach, 
this mandates advanced laparoscopic skills or perhaps col-
laboration with general surgery colleagues.

Another area of considerable debate with VLNT is the 
recipient location, specifically, whether the nodes should 
be placed distally or proximally in the affected extremity. 
In general, the authors favor placing the lymph nodes in 
an anatomic location proximally in the limb, although in 
certain circumstances, we have placed the nodes in the area 
of greatest severity or performed double lymph node trans-
fers, both proximally and distally. However, for proximally 
placed nodes, the authors recommend a wide scar release, 
particularly in the axilla, which can have a dramatic impact 
on patients’ lymphedema and range of motion. A scar 
release alone is insufficient in treating lymphedema, and 
studies have demonstrated that vascularized tissue alone 
is also ineffective. An adequate scar release typically cre-
ates a sizable cavity and dead space that should be filled. 
Therefore, when considering the different lymph node 
donor sites, the volume deficit should also be considered. 
The omentum, inguinal, and lateral thoracic lymph nodes 
typically provide more volume than the supraclavicular, sub-
mental, and mesenteric nodes, which may be better suited 
for more distal placement. Overall, the ideal donor and 

recipient sites remain areas of considerable debate among 
those performing high-volume lymphedema surgery.35

Treatment of BCRL presents a unique circumstance 
as patients may be amenable to either lymphovenous 
bypass or VLNT. Although both approaches are remark-
ably effective in improving lymphedema, for patients also 
seeking breast reconstruction, the authors favor a com-
bined approach that addresses both lymphedema and 
breast reconstruction. Recent studies demonstrated that 
autologous free flap reconstruction alone has no ben-
efit in treating BCRL.36 As with any inguinal lymph node 
transfer, preoperative evaluation and imaging are always 
performed. To provide an aesthetic breast reconstruction 
and improve the lymphedema, the inguinal nodes are 
harvested in conjunction with the DIEP flap. The entire 
construct is then transferred to the chest, where the DIEP 
flap is used to reconstruct the breast, while the inguinal 
nodes are placed in the axilla following release of the 
scar. Indocyanine green angiography is used to deter-
mine whether an additional arterial or venous anastomo-
sis is needed to perfuse the nodes. Historically, the DIEP 
flap with VLNT has been performed alone; however, the 
authors now recommend reconstructing the breast with 
the DIEP flap combined with lymphaticovenular anas-
tomosis and VLNT. This combined approach, so-called 
Breast Reconstruction Including Lymphaticovenular anas-
tomosis and Inguinal to Axillary Node Transfer, has dem-
onstrated excellent results in addressing lymphedema and 
breast reconstruction in a single operation.

CONCLUSIONS
A number of different donor sites are available for 

VLNT. Although each donor site has distinct advantages 
and disadvantages, all of them seem to have equivalent 
benefit in treating lymphedema. The decision about which 
donor site to use should be based on donor site availability 
and morbidity, patient preference, surgeon comfort and 
experience, and recipient location.
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