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INTRODUCTION AND LITERATURE REVIEW
Secondary lymphedema is a common complication of 

lymph node dissection (LND) and is a major source of 
morbidity in patients who are treated for solid malignan-
cies. It is estimated that 16%–49% of patients who undergo 
LND develop this disease.1–5 Despite compliance with life-
long compression garments and manual lymphatic drain-
age, patients may still show disease progression.

Traditionally, surgical treatment of lymphedema—lym-
phovenous bypass, lymph node transplantation, or lipo-
suction—has been reserved for patients who have already 
developed the disease. Recent reports, however, have 
suggested that lymphatic surgery may also be effective in 
preventing lymphedema if the lymphatic system is repaired 
at the time of LND.6–17 Boccardo et al first described 
Lymphatic Microsurgical Preventative Healing Approach 
(LYMPHA)—referred in this article as immediate lym-
phatic reconstruction (ILR)—in an initial study of 19 
patients.7,18,19 In a follow-up study, they reported a 4% rate 
of lymphedema after ALND for treatment of breast can-
cer over a 4-year follow-up period in 74 patients.8 Feldman 
et al reported a 12.5% lymphedema rate after ALND 
at a mean follow-up of 6-months, compared with their 

historical rate of 30.6%.6 Singhal and colleagues described 
a modification to the original technique using fluorescein 
isothiocyanate (FITC) to differentiate lymphatics draining 
the arm versus those draining the breast when the breast 
surgeon has used blue dye for sentinel node mapping.10 
Early data utilizing this technique demonstrated a lymph-
edema rate of 12.5% versus a control group rate of 40%.16 
With increased experience and more robust data utilizing 
this same technique, Johnson et al report a rate of 3.1% 
rate of lymphedema with 11.4 months of follow-up.17 The 
cost-effectiveness of ILR (after ALND ± radiation) was 
examined and found to be the more cost-effect treatment 
option (compared with ALND ± radiation without ILR) 
for node-positive breast cancer.1

While these results are promising, studies with lon-
ger term follow-up and a larger number of patients are 
needed to establish the results. The authors are currently 
working to provide long-term data from ongoing prospec-
tive cohort studies (RS, DS). Additionally, a randomized 
control trial is underway comparing ALND without ILR 
and ALND with ILR in patients undergoing breast can-
cer treatment (MC, BM, JD). A total of 174 patients will 
be recruited to the trial and will be followed for 2 years 
postoperatively.

Immediate lymphatic reconstruction has not only been 
used for breast cancer, but also for melanoma and gyne-
cological cancers. Morotti et al described ILR for 12 lower 
extremities following inguinal lymph node dissection and 
reported only mild lymphedema in 1 extremity (8.3%).13 
Takeishi et al reported a decreased incidence in lymph-
edema in 7 patients undergoing intrapelvic ILR after hys-
tero-oophorectomy and intrapelvic LND.15 Cakmakoglu et 
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al successfully performed ILR in 22 patients with ALND 
or inguinal lymph node dissection for treatment of mela-
noma.12 These promising reports, coupled with the high 
risk of developing the permanent and disabling conse-
quences of lymphedema, have resulted in an increased 
demand for ILR (Table 1).

Although lymphovenous bypass (LVB) for ILR is 
simple in concept, it can be a challenge to apply in the 
operating room. For example, if a standard en bloc lymph-
adenectomy is performed, finding a suitable vein of ade-
quate length and appropriate caliber can be difficult, if 
not impossible. There is a learning curve for the ablative 
surgeon—namely identifying and preserving appropriate 
recipient veins during the LND. For the reconstructive 
surgeon, intimate knowledge of the venous and lymphatic 
anatomy, reliable identification of target lymphatic chan-
nels, and proper vein selection are fundamentally impor-
tant but not well described in the literature. Consequently, 
the learning curve for the reconstructive surgeon can be 
steep and frustrating as well.

The purpose of this study was to provide surgeons with 
an in-depth description of the technical details of ILR. 
We will discuss all aspects of ILR, including preoperative 
planning, lymphatic channel and vein selection, back-up 
venous options, anastomotic technique, and postoperative 
care. Techniques and technology will undoubtedly evolve; 
the goal is to provide a solid foundation to make ILR more 
approachable.

PREPARATION
ILR is currently an option for patients undergoing 

axillary or groin LND. Patients undergoing LND, and 
especially those having adjuvant radiation, are at a high 

risk for developing lymphedema and, therefore, the most 
appropriate patients for this operation. To our knowl-
edge, ILR has not been for patients who are treated with 
neck dissection. Specialized microsurgical instruments 
are required for successful ILR (Fig.  1). These include 
an operating microscope, microsurgical instruments, and 
agents for visualizing lymphatic channels. The patient’s 
entire extremity, including the hand or foot, is prepared 
circumferentially in the field for maximum exposure.

Communication with the ablative surgeon is paramount 
for incision placement and preservation of a suitable vein for 
bypass. Two of the most common pitfalls we initially encoun-
tered were a low axillary incision limiting visualization of 
the field and inadequate vein length for bypass. ALND and 
subsequent ILR can be accomplished either through the 
mastectomy incision or separate axillary incision. Low axil-
lary incisions can be problematic for visualization; so we rec-
ommend incising high in the axilla to provide a direct view 
of the severed lymphatic channels. It is customary for the 
oncologic surgeon to clip veins at their origin, making ILR 
all but impossible. Scrubbing in with the ablative surgeon 
during the lymphadenectomy is essential; a learning curve 
of about 5 cases is typically adequate. With appropriate com-
munication and practice, the surgical oncologists can also 
preserve a suitable length of the vein (6–7 cm) to facilitate 
microsurgical anastomosis without tension.

IDENTIFICATION OF LYMPHATIC 
CHANNELS

There are a number of agents available that are 
commonly used to identify lymphatic channels: indo-
cyanine green (ICG), lymphazurin (isosulfan blue), 
and fluorescein isothiocyanate (FITC).7,10 ICG is mixed 

Table 1. Literature Review

Authors
Year  

Published Type of Study
Number of 

Patients
Nodal Surgery/ 

Indication Extremity
Average  
FU (mo) Lymphedema Rate

Takeishi et al 2006 Prospective cohort 7 (14  
extremities)

PLND for uterine 
carcinoma

LE 14 7.14%

Boccardo et al 2009 Prospective cohort 19 ALND for breast 
cancer

UE 12 0%

Boccardo et al 2011 Randomized  
controlled trial

49 ALND for breast 
cancer

UE 18 4.34% versus 30.43%

Morotti et al 2013 Prospective cohort 
(with historical 
control)

8 (12  
extremities)

ILND for vulvar 
carcinoma

LE 6.2 8.33% versus 25% in 
historical control

Boccardo et al 2014 Prospective cohort 71 ALND for breast 
cancer

UE 48 4.05%

Feldman et al 2015 Prospective cohort 
(with historical 
control)

27 ALND for breast 
cancer

UE 6 12.5% versus 30.6% in 
historical control

Spiguel et al 2017 Retrospective review 
of prospective 
cohort

13 ALND for breast 
cancer

UE NA NA

Hahamoff et al 2019 Retrospective review 
of prospective 
cohort

87 ALND for breast 
cancer

UE 15 (ALND + ILR),  
20 (ALND alone)

12.5 % in ALND + ILR 
(n = 8) versus 40% in 
ALND alone (n = 10)

Johnson et al 2020 Prospective cohort 32 ALND for breast 
cancer

UE 11.4 3.10%

Cakmakoglu 
et al

2020 Prospective cohort 22 ALND (n = 10) 
ILND (n = 12) 
for melanoma

UE and  
LE

6 (14 patients),  
12 (4 patients)

4.50%

ALND, axillary lymph node dissection; FU, follow-up; ILND, inguinal lymph node dissection; LE, lower extremity; PLND, pelvic lymph node dissection; UE, upper 
extremity..
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to a concentration of 2.5 mg/ml.20 Blue dye is gener-
ally not diluted. FITC solution is formulated by mixing 
2 ml AK-FLOUR 10% (Akorn Inc, Lake Forest, Ill.) and 
8 ml normal saline for a 2% concentration. All dyes are 
injected subdermally with a 30-gauge needle, using a 1 ml 
syringe. If performed before LND, the dye has time to fill 
the lymphatic channels before their transection. However, 
coordination with the oncologic surgeons can sometimes 
be difficult and injection of dye following LND may be 
more feasible.

 We first perform ICG lymphangiography of the entire 
limb to become familiar with the patient’s lymphatic 
anatomy and establish a baseline. This may reveal pre-
existing abnormalities sometimes observed following che-
motherapy, and will identify alternative pathways draining 
into the supraclavicular lymph nodes.21 The authors reli-
ably visualize the entire lymphatic tree of the upper limb 
with 0.1 ml of ICG injected into the first webspace, third 
webspace, and volar wrist (Fig. 2). (See Video 1 [online], 
which displays the subdermal injection of ICG into the 
third webspace, 0.1 cm3.)

An additional injection 4 cm proximal to the elbow 
crease over the cephalic vein may provide extra cover-
age of the Mascagni-Sappey pathway into the supracla-
vicular nodes.22 Four injection sites are used for the 
lower limb: the first and third webspace and the medial 
and lateral ankle. Once injected, ICG is rapidly bound 
by albumin, thus limiting its uptake to the lymphatic 
system, where it can be visualized with a near infra-red 
camera. Although ICG reliably images the superficial 
lymphatic system, the deep system is not seen because 
sensitivity rapidly diminishes at depths > 1–2 cm below 
the skin.10,23

Following baseline ICG lymphangiography, the micro-
scope is brought in to identify divided lymphatic channels 
in the field. Although ICG alone can be used, many sur-
geons find the additional use of FITC or blue dye helpful 
in delineating the lymphatic channels. These are injected 
at a similar volume (0.1 ml) into the dermis of the hand/
wrist or foot/ankle.10 Additional dye injections are made 
more proximally across the medial upper arm using 4–5 
injections each with 0.1 ml of agent and an additional deep 
injection just above muscle fascia of 0.3 ml to identify deep 
lymphatics in the field (Fig. 2). FITC excites in the visible 
spectrum; therefore, this dye can be visualized through 
the microscope binoculars with special filters such as the 
YELLOW 560 package on a Pentero 900D Microscope 
(Carl Zeiss Inc, Germany) or a multi-contrast yellow fluo-
rescence filter on the Mitaka MM51 microscope (Mitaka 
Kohki Co., Ltd, Japan) (Fig. 3). In contrast, blue dye can 
be directly visualized without any special equipment. The 
benefit of using FITC is that it decreases the risk of severe 
allergic reaction noted in 1%–3% patients who have a 
sensitivity to blue dye.10,24 Additionally, if blue dye was also 
used for sentinel lymph node identification, it can be diffi-
cult to differentiate the target lymphatic channels draining 
the limb from those draining the breast. The downside of 
using FTIC is that specialized equipment, such as a Mitaka 
microscope with filter, is necessary to visualize the dye. It is 
preferable for the oncologic surgeon to clip the lymphatic 
channels, which creates a solid seal and leads to dilation of 
the vessels and accumulation of dye in the lumen (Fig. 4). 
In contrast, cauterizing lymphatic channels often results 

Fig. 1. ILR instruments and equipment setup.

Fig. 2. Upper extremity injection sites and ICG lymphangiogram with SPY-PHI. A, B, ICG is injected at 
0.1 ml into the dermis of the first and third webspace, and the volar wrist. FITC is injected at 0.1 ml into 
the dermis of the first and third webspace, and the volar wrist. Additional FITC injections are done into 
the dermis across the medial upper arm (4–5 points with 0.1 ml each) and deeper, just above muscle 
fascia (1 point with 0.3 ml). C, D, ICG lymphangiogram showing the standard volar, radial, and ulnar 
lymphatic bundles merging at the upper inner arm.
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in an incomplete seal, dye spillage, and a smaller, decom-
pressed lymphatic channel. Massage or elevation of the 
arm can help facilitate dye movement to the axilla.

As a way to examine different lymphosomes—super-
ficial lymphatic territories that drain to specific lymph 
nodes—another method utilizes both blue dye and fluores-
cein.11,25 Blue dye can be injected to the lateral upper arm 
to capture lymphatic channels draining the lateral lym-
phosome. FITC is injected to the hand/wrist and medial 
upper arm to capture lymphatic channels draining the 
medial lymphosome. During ILR, the surgeon can then 
delineate which lymphosome the transected lymphatic 
channels are draining.

The selection of which lymphatic channels to bypass—
if more than one are located—is not well defined. The 
number of lymphatic channels bypassed depends on the 
location of the channels and the number of veins/vein 
branches available for anastomosis. Larger channels that 
have a high output should be targeted first. These are gen-
erally found in proximity to the axillary vein. If all lym-
phatic channels appear equal in caliber and drainage, the 
anatomy and reach of the vein will dictate which channels 
are chosen for bypass.

VEIN CHOICE UPPER EXTREMITY
Multiple vein options exist for ILR in the axilla. We 

prefer, as a first choice, the thoracoepigastric vein (some-
times referred to as the accessory vein) (Fig. 5). This vein 
is located at a superficial to medium depth (just below the 
clavipectoral fascia) arising perpendicular from the axillary 
vein, coursing into the level 1 axillary lymph nodes, anterior 
and parallel to the thoracodorsal vessels. The intercostal 
brachial cutaneous nerve is frequently found at approxi-
mately the depth of the thoracoepigastric vein, which runs 
perpendicular to it. This vein usually runs within the lymph 
node package and, as a result, should be dissected from the 
lymph nodes before completing the dissection, thereby pre-
serving a suitable length of the vein (6–7 cm) necessary to 
reach the transected axillary lymphatic channels. The pre-
served vein length also increases the likelihood that a valve 

will be present, thus decreasing the potential for venous 
backflow into the transected lymphatic channels.

In some cases, the breast surgeon will need to remove 
the thoracoepigastric vein if they believe there is tumor 
involvement/encasement or otherwise cannot remove the 
ALND specimen without its sacrifice. In these cases, second-
ary vein options exist: the lateral thoracic vein, the medial 
pectoral vein, circumflex scapular vein, thoracodorsal vein, 
or any unnamed vein generally found more lateral to the 
thoracodorsal vessels (Fig.  6). The lateral thoracic vein 
courses superficially on the lateral chest wall, medial and 
parallel to the long thoracic nerve, and has an associated 
artery.26 Some references will note the thoracoepigastric 
vein is actually a distal runoff of the lateral thoracic vein. 
However, according to other references, and in our experi-
ence, the thoracoepigastric vein and lateral thoracic vein are 
separate entities. The medial pectoral vein is found on the 
undersurface of the pectoralis major muscle, running with 
the medial pectoral nerve. Both the lateral thoracic vein 
and medial pectoral vein need to be dissected to a longer 
length (7–10 cm) than that of the thoracoepigastric vein to 
be able to reach the lymphatics of the upper inner am. The 
circumflex scapular vein runs lateral and posterior to the 
thoracodorsal vein. These veins can either come together as 
the subscapular vein before joining the axillary vein or can 
enter the axillary vein separately.27 Unnamed veins can also 
commonly be found lateral to and around the same depth 
of the thoracodorsal vessels. In some cases, short vein grafts 
harvested from the axilla can be anastomosed to other suit-
able (but short) veins to provide adequate length to reach 
the axilla. This is simple to do with an anastamotic coupler. 
We avoid using the thoracodorsal vein owing to its size with 
a high risk of backbleeding and to preserve this option for 
future breast reconstruction or salvage. The small branches 
of the thoracodorsal vein can still be used for ILR.

VEIN CHOICE LOWER EXTREMITY
Multiple vein choices also exist for ILR of the groin. In 

our experience, there is no first choice analogous to the 
thoracoepigastric vein to be used for ILR of the groin. The 

Fig. 3. Visualization of lymphatic channels with FITC using the Mitaka microscope. A, With no filter, the lymphatic channel is slightly visible 
under white light. B, With a low-contrast fluorescence filter, there is visibility of non-fluorescent tissue and some fluorescence within the 
lymphatic channel. C, With a high-contrast fluorescence filter, there is poor visibility of non-fluorescent tissue, but excellent fluorescence 
seen within the lymphatic channel.
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vein choice primarily depends on the location of the tran-
sected lymphatic channels (Fig. 7). The external puden-
dal vein is best positioned for medial lymphatic channels 
and can branch directly from the femoral vein or from the 

greater saphenous vein.26 The superficial epigastric vein 
or the superficial circumflex iliac vein are best for lateral 
lymphatic channels and can enter the femoral vein inde-
pendently or in a common trunk.26,28,29 Any of the veins 
can be dissected to a length that, when transected and 
rotated, can be used for the opposite area, if needed.

ANASTOMOTIC TECHNIQUE
Most descriptions of ILR include intussusception of 

all identified lymphatic channels into the end of the 

Fig. 4. Lymphatic channel with FITC injected after ALND. A, Without the microscope, FITC is seen 
accumulating in the lymphatic channel up to the clip, dilating the lymphatic channel, on the right. 
Thoracoepigastric vein with clip on the left. B, Using the Mitaka microscope with a low-contrast fluo-
rescence filter, there is visibility of surrounding tissue and fluorescence within the lymphatic channel.

Fig. 5. Thoracoepigastric (sometimes referred to as accessory) vein 
in axilla. The vein was dissected to a length of 6 cm, and there is a 
valve present at the midpoint. The intercostal brachial nerve is cross-
ing posteriorly, and the thoracodorsal vessels are seen posterior to 
the thoracoepigastric vein.

Fig. 6. Alternative vein choices in the axilla. Illustrated are the medial 
pectoral vein running on the undersurface of the pectoralis major 
muscle, the lateral thoracic vein running on the lateral chest wall, 
the thoracodorsal vein and circumflex scapular vein (Cx) that are 
deeper in the axilla, and the thoracoepigastric vein (sometimes 
referred to as accessory) running more superficial (just below the 
clavipectoral fascia) to the thoracodorsal vessels.
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chosen vein. However, there can be a large size mis-
match between the vein and the lymphatic channel(s), 
especially in cases where anastomosis is of only 1 or 
2 lymphatics. This leads to a potential for leakage. 
Additionally, when multiple lymphatic channels are 
identified, they can be located far from one another, 
making intussusception into 1 vein difficult and can 
cause kinking at the site where the lymphatic channels 
enter into the vein. Also, intussusception of multiple 
lymphatic channels into one vein can lead to twisting 
and occlusion of the lymphatics. One possible approach 
to this problem is to use terminal or side branches of 
the vein to enable multiple lymphovenous anastomoses 
(Fig. 8). Using branches decreases the potential for sig-
nificant backflow from the vein because valves are com-
monly found at branch points. In addition, the main vein 
can have many branches along its length offering mul-
tiple choices for anastomoses, both for the best vessel 
diameter match and for optimal geometry. Anastomoses 
of lymphatic channels to vein branches can be 1:1 or 
2:1 ratio, ensuring lymphatics are not tangled with one 
another. Use of branches can also lead to a better orien-
tation, allowing bypass of multiple lymphatic channels 
that may be far away from each other. Finally, using a 
smaller branch provides a better size match for anasto-
mosis that may prevent leakage.

For each anastomosis, the authors prefer the intus-
susception technique, although end to end can also 
be performed for larger lymphatic channels. Standard 
microsurgical instruments are used. To begin the anas-
tomosis, the end the lymphatic channel is trimmed and 
perilymphatic tissue is removed from the portion to be 
intussuscepted. A temporary U-stitch using 9-0 or 10-0 

nylon is performed through the vein, through the adven-
tial layer (or perilymphatic tissue) of the lymphatic chan-
nel, and back through the vein, to pull the lymphatic into 
the vein. In an alternate approach, the vein is first sutured 
to the caudal perilymphatic tissue before placement of 
the U-stitch.30 An angled jeweler forceps is helpful to coax 
the lymphatic into position within the vein. (See Video 2 
[online], which displays anastomosis using the intussus-
ception technique. The perilymphatic tissue is trimmed 
from the lymphatic channel at the transected end. A 
U-stitch is placed from the vein to the perilymphatic tis-
sue (or adventia) and back through the vein. Additional 
sutures are placed from the vein edge to the lymphatic 
adventia.)

Additional interrupted sutures are placed from the 
adventia of the lymphatic channel to the cut edge of the 
vein. The initial U-stitch should be removed if there is 
uncertainty that that lymphatic suture was only through 
adventia. The suture is unnecessary after the lymphatic 
has been secured inside the vein, and removal minimizes 
foreign material inside the vessel lumen. If a large size mis-
match occurs between the lymphatic(s) and the vein, clos-
ing a portion of the end of the vein with sutures will help 
prevent leakage.

ILR takes between 30 and 60 minutes to complete, 
in most cases. With experience, the breast surgeon can 
dissect a suitable vein during the ALND. If a vein is pre-
pared during ALND, the time needed for the plastic 
surgeon to perform ILR is shortened. Once ILR is com-
plete, a strip test can be done to assess patency of the 
anastomosis (Fig.  9). Additionally, ICG and/or floures-
cein can be seen crossing the anastomosis, with dye fill-
ing in the vein.

Fig. 7. Vein choices in the groin. The superficial epigastric vein and 
superficial circumflex iliac vein course laterally from the femoral 
vein. The external pudendal vein courses medially.

Fig. 8. Thoracoepigastric vein with 4 branches and 4 separate anas-
tomosis (*) of lymphatic channels at different locations and differ-
ent depths in the axilla visualized through the Mitaka microscope 
(image is focused to deepest anastomosis; therefore, several proxi-
mal anastomosis appear blurred).
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POSTOPERATIVE CARE
Postoperative management following ILR is the same 

as the recommendations for LND with 2 notable excep-
tions. First, when placing a surgical drain, care must be 
taken to ensure the drain will not disrupt the anastomo-
sis. Placement of the drain is more challenging in the 
groin than in the axilla. Fast-absorbing gut sutures can 
be used to keep the drain away from the anastomosis. 
Second, for upper extremity ILR, patients are asked to 
refrain from raising their arm higher than 90 degrees 
for 2 weeks. After 2 weeks, patients resume full range of 
motion.

In the long term, although lymphoscintigraphy has 
been suggested to show patency of ILR at 1–4 years after 
operation, the authors feel that lymphoscintigraphy bet-
ter shows the overall lymphatic drainage (not the spe-
cific ILR anastomosis) and therefore currently do not 
perform this routinely.8 ICG lymphangiography is gen-
erally done in office at 1 year postoperative and every 
year after this to evaluate for signs of lymphedema in the 
extremity. Extremity volume measurements—by manual 
circumference or perometry—are conducted every 6 
months postoperative and compared with baseline pre-
operative values.

CONCLUSIONS
ILR is a highly technical operation with a steep learn-

ing curve. This article may provide surgeons with a more 
detailed description than what has been previously pub-
lished. We hope this information assists and encourages sur-
geons to offer ILR to patients as part of their cancer care.
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