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Summary: Surgical treatment of lymphedema has expanded in recent years.
Lymphovenous bypass and vascularized lymph node transfer are both modern
techniques to address the physiologic dysfunction associated with secondary
lymphedema. While efficacy of both techniques has been demonstrated in numer-
ous studies, there are several questions that remain. Here, the authors discuss the
most pertinent controversies in our practice as well as the current state of surgi-

cal management of lymphedema. (Plast Reconstr Surg Glob Open 2020;8:2671; doi:
10.1097/GOX.0000000000002671; Published online 25 March 2020.)

The pathophysiology of lymphedema is heterogenous.
Primary lymphedema may develop as a result of abnormal
lymph flow due to aplastic, hypoplastic, or hyperplastic
lymphatic channels and/or lymphatic valvular dysfunction.
More commonly, secondary lymphedema manifests as a
sequela of injury to the lymphatic system by way of lymph-
adenectomy, radiation, or trauma, any of which may result
in impedance of the lymphatic system. Currently, there
is no curative treatment for lymphedema. Conservative
management includes lifelong compression garments,
complex decongestive therapy, and often activity modifi-
cation. Advances in microsurgical technique have led to
lymphaticovenular anastomosis (LVA), also known as lym-
phovenous bypass (LVB), and vascularized lymph node
transfer (VLNT) as possible treatment options to restore
physiologic lymphatic drainage. Although these techniques
have effect through different mechanisms, the primary
objective is to restore alternative means of lymph drain-
age. With LVA, the fluid is re-directed to the venous system.
Alternatively, VLNT replaces the damaged or excised lymph
nodes, and is hypothesized to work by absorbing lymphatic
fluid or stimulating lymphangiogenesis with new lymphatic
channel formation.'” While efficacy of both techniques has
been demonstrated in numerous studies, there are several
questions that remain. Here, the authors discuss the most
pertinent controversies in our practice as well as the cur-
rent state of surgical management of lymphedema.
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LVB and the Number of Optimal Anastomoses

The concept of surgical connection of an obstructed
lymphatic channel with a vein to alleviate the flow block-
age first emerged in the 1960s.*” A mechanical bypass
of the diseased segment of the lymphatic system diverts
the flow of the obstructed, high pressure lymph channel
contents into the lower pressure, patent venous system
proximal to the site of lymphatic blockage.® This physi-
ologic solution received renewed attention in 2000 after
Koshima et al” pioneered supermicrosurgery techniques
for anastomosing vessels <0.8 mm in diameter. Since then,
with vast improvements in technical experience, magni-
fication technology, and precision instruments, inter-
est in LVA continues to grow as a treatment strategy for
lymphedema.**"

One of several points of debate surrounding LVA
is the ideal number of anastomosis to be performed to
achieve maximal effectiveness. In their initial published
experience, Koshima’s group described an average of 4
anastomoses per upper extremity, with as many as 10 LVAs
when anatomy permitted.”"” They believed that the num-
ber of anastomoses correlates positively with greater lym-
phovenous shunting and better outcomes.” This rationale
aligns with the experiences of others from the 1980’s."!
Huang et al’ performed an average of 4.5 anastomoses
in 87 patients with lower extremity lymphedema, and
observed that the patients who experienced the greatest
amount of circumferential reduction underwent the high-
est mean number of LVAs [ (>5cm, 5.4 LVAs), (3-bcm, 3.8
LVAs), (1-3cm, 3.4 LVAs)]. Thus, the group advocated
maximizing the number of LVAs. Mihara et al”® similarly
reported a positive correlation between volume reduction
and number of LVAs. However, the greater number of
LVAs feasible in patients with early stage lymphedema may
confound the observed positive association between anas-
tomotic number and postoperative improvement.”'"'* In
the authors’ experience, patients presenting for surgical
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treatment of lymphedema rarely have >3 potential targets
amenable to LVA.

In practice, Koshima et al” did not observe proportion-
ate improvement in outcome with increasing numbers of
LVAs performed per patient. Their technique evolved over
the next several years into a minimally invasive approach
under local anesthesia, with as few as 1-2 LVA completed
in <2 hours. Among 52 patients with Campisi stage III and
IV lymphedema of the lower extremities in their 2004
series, an average of 2.1 (+1.2) LVAs were performed with
mean follow-up of 14.5 months, during which contin-
ued compression therapy was maintained.'® The authors
observed a 41.8% (£31.2%) reduction in limb circumfer-
ence, with an 82% effectiveness rate as defined by any
circumference reduction.'” The authors’ rationale for the
maintained efficacy despite reduction in number of LVAs
is that the benefits of LVA extend beyond the mechanics
of lymph diversion. They theorized that the LVA interrupts
the vicious cycle of lymphatic hypertension, smooth mus-
cle cell degeneration within lymphatic channels, fibrosis,
exacerbated lymphatic channel dysfunction, and one well-
executed LVA may suffice to halt the entire process." The
authors’ experience reinforces these findings and have
found excellent improvement in patients’ lymphedema
with as few as 1 LVA in an affected extremity.

In the absence of concrete evidence to support a criti-
cal threshold number of sufficient LVAs, heterogeneity in
the approach to this matter persists. Potential confound-
ing factors include lymphedema stage, upper versus lower
extremity site, primary versus secondary etiology, surgeon
experience and skill, vessel diameter, and anastomotic
configurations beyond end-to-end, including end-to-side,
side-to-end, side-to-side, and multi-luminal “octopus”
anastomoses.'”* While multisite single LVAs are com-
mon,'"'"” multiple LVAs may also be undertaken via a sin-
gle exploratory incision.'® Table 1 summarizes the number
of LVAs performed per extremity in the largest published
series dedicated to LVAs with consideration of some of the
aforementioned variables, and describes outcomes using
the reported subjective and/or objective measurement
tools. In most studies, at least 3 LVAs per patient were
performed.

Regardless of these unresolved controversies, there is
consensus that the intrinsic contractility of the smooth
muscle cells that comprise lymphatic channels is critical to
the normal lymph flow.” Loss of this active pump mecha-
nism observed in advanced, fibrotic stages of lymphedema
is typically irreversible. Thus, it is intuitive that selection of
functional lymphatic channels for LVA is paramount to the
success of this procedure, and may explain the relatively
diminished response obtained in patients with primary
lymphedema and those with greatest disease severity.”'"*
Garza and Chang® favor the use of intradermal injection
of indocyanine green for lymphography-guided visualiza-
tion of the functional lymphatic channels that are linear
in appearance. This strategy was associated with greater
numbers of LVA performed when compared with previ-
ous attempts without the technology.'" Hara et al*® have
also advocated the selection of linear, splash, and stardust
lymphography patterns representing normal, ectatic, and
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contraction vessels rather than use of sclerotic, nonfunc-
tional channels for LVA.

LVB Compared with VLNT

While both LVA and VLNT have proven to be effective
in improving patients’ lymphedema, considerable debate
exists as to which technique is able to provide superior and
more durable results. Historically, the authors’ approach
was dictated based on indocyanine green (ICG) lymphan-
giography. In general, our algorithm stratified patients
who had patent lymphatic channels demonstrated on
ICG imaging (stage 1 and 2) as candidates for LVA, while
those with more severe disease (stage 3 and 4) underwent
VLNT. Unfortunately, a direct comparison of outcomes
between LVA and VLNT would include a selection bias as
most patients undergoing a VLNT were more advanced
stage and did not have lymphatic channels to undergo a
bypass operation.

In a study comparing 4 limbs treated with LVA and 15
limbs treated with VLNT for primary lymphedema, Cheng
et al” found that both the LVA and VLNT were effective
in improving lymphedema but a the VLNT group experi-
enced a greater volume reduction (mean limb circumfer-
ence reduction of 3.7 + 2.9cm and 1.9 + 2.9 cm for VLNT
and LVA, respectively; P = 0.2) and significantly more
improvement in the Lymphedema Quality-of-Life score
(from mean of 3.9 to mean of 6.4 and from mean of 3.0
to mean of 5.0 for VLNT and LVA, respectively; P< 0.05).
However, the length of follow-up also needs to be taken
into account in any study comparing the 2 modalities
due to concern regarding the long-term patency of LVA.
For example, in a study involving 12 patients with lymph-
edema treated with LVA, only 15 of 23 (56.5%) anastomo-
ses were found to be patent after 12 months.” Despite the
risks of thrombosis of the LVA, large cohort studies have
demonstrated excellent success with both approaches, but
well controlled data comparing LVA to VLNT is currently
lacking.?ﬁ,i’iﬁ

Prophylactic Lymphedema Surgery

The significant impact that lymphedema has on qual-
ity of life after breast cancer treatment™* has led to the
exploration of preventative measures, particularly, pro-
phylactic lymphedema surgery. Microsurgical LVA on
the ipsilateral limb of patients undergoing radical mas-
tectomy was first described nearly 3 decades ago.” More
recently, several small studies and case reports have dem-
onstrated variable results in preventing the development
of secondary lymphedema following oncologic treatment.
Lymphatic microsurgical preventive healing approach
(LYMPHA) "' is a technique that utilizes reverse mapping
to identify and preserve upper arm lymphatics during axil-
lary lymph node dissection. In addition, LVA to an axil-
lary venous branch is performed at the time of oncologic
surgery. Traditionally, these anastomoses were performed
end to end or end to side; however, a more proximal loca-
tion near the lymph node dissection is often associated
with a larger size mismatch between the venous branches
and primary lymphatics. To overcome this, several lym-
phatics can be sutured to the vein lumen using a U-shaped
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stitch.'® For most microsurgeons performing high volume
lymphedema surgery, this approach is generally not rec-
ommended and an end-to-side anastomosis or perhaps a
double barrel approach is more likely to have long-term
patency and efficacy.

LYMPHA was attempted in 37 patients requiring axil-
lary lymph node dissection and completed successfully
in 27 with 6 months follow-up.* Rates of upper extrem-
ity lymphedema were significantly lower in those with
LYMPHA compared with those in whom the procedure
could not be completed (12.5% versus 50%). Although
there were no LYMPHA-related complications in their
study, the procedure could not be completed in nearly
a third of patients secondary to lack of suitable vessels
for anastomosis. In their meta-analysis, Jorgensen et al*
reported a pooled lymphedema rate significantly less
than that reported in the literature for patients treated
with prophylactic LVA based on location of the lymphad-
enectomy: 5% for axillary, 12% for ilio-inguinal, 7% for
para-aortic, and 0% for iliac lymph node dissection. In
quantitative analysis of 4 studies which included control
groups, patients treated with prophylactic LVA had a rela-
tive risk of 0.33 (0.19, 0.56) for developing lymphedema
compared with those not treated with LVA (P < 0.0001).*
Although the clinical results of prophylactic LVA are
encouraging, like much of the field, well-designed, pro-
spective studies with clearly defined outcome measures
and adequate follow-up are still needed.

Lymph Node Flap Placement

While VLNT has become accepted as an efficacious
treatment for advanced lymphedema, the optimal recipi-
ent site location for the lymph node flap remains a subject
of controversy. Proponents of VLNT to a proximal loca-
tion on the affected limb cite the opportunity for radical
release of scar resulting from prior regional lymphad-
enectomy and radiation. In the setting of postmastectomy
breast reconstruction, this is most commonly performed
by transferring a deep inferior epigastric artery perfora-
tor flap with a chimeric groin vascularized lymph node
flap placed in the axilla.”**~*° Surgeons that support distal
extremity VLNT placement cite the ability for the fluid to
be absorbed from the most gravity-dependent position of
the limb.>""!

Clinical and experimental studies regarding the mech-
anisms of action of VLNT seem to suggest that either
proximal and distal flap placement should help to reduce
lymphedema. These include lymphangiogenesis and the
“bridging” mechanism, whereby new afferent and efferent
lymphatic collateral pathways connect the transplanted
LNs with lymphatic vessels in the recipient site to restore
outflow”™ and the “pumping” mechanism whereby new
lymphaticovenous drainage is established within the trans-
planted LNs, driven by perfusion gradients between the
arterial inflow and venous outflow.'?*°%%" Clinical studies
also support favorable limb volume reduction outcomes
for both proximal***** and distal'”*%* VLNT in both
the upper and lower extremities, although a randomized,
prospective study comparing the 2 techniques has not
been published. Under certain circumstances, dual-level
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transfer affords an opportunity to enhance the lymphatic
drainage throughout the affected limb.***

Donor Site Lymphedema

In counseling patients regarding VLNT for the treat-
ment of lymphedema, the question of what the risk of
causing lymphedema in the region drained by the trans-
ferred lymph nodes frequently arises. A systematic review
by Demiri et al” sought to answer this question. Looking
only at VLNT for breast cancer-related lymphedema, the
authors identified 3 cases of donor site lymphedema out
of 189 patients (1.6%) collected from 11 studies that met
their inclusion criteria. In a separate review of VLNT out-
comes, encompassing 24 studies and 271 lymph node
transfers, Scaglioni et al’® identified only the same 3 cases
(1.1%) of iatrogenic lymphedema affecting the donor
limb. An additional report by Lee et al®® describes a fourth
case of donor limb lymphedema not included in either
review.

Specifically, Vignes et al” reported 2 cases of iatro-
genic donor site lymphedema following groin lymph
node transfer. These were made based on clinical diag-
nosis in which the donor limb was documented to have
an increase of >2cm in limb circumference compared
with the contralateral limb. Pons et al® reported 1 case of
lower limb swelling after groin lymph node flap harvest in
a series of 42 patients. The donor lower limb was found
to have an increase in thigh circumference of 2cm at 24
months follow-up and lymphoscintigraphy of the affected
limb demonstrated delayed drainage, although dermal
backflow pattern was not found. Although not included
in either review, there is 1 case of upper extremity lymph-
edema that resulted following harvest of a supraclavicular
lymph node flap confirmed with compromised drainage
on lymphoscintigraphy and an increase of over 1L in the
ipsilateral arm.”

Three of the 4 reported cases of iatrogenic lymph-
edema following VLNT come following groin lymph node
harvest. It is not known whether groin lymph node har-
vest is inherently riskier than harvest from other poten-
tial donor sites (eg, supraclavicular, lateral thoracic, and
intra-abdominal), or that more cases of donor site lymph-
edema have been reported following groin node harvest
because it is a more common procedure than VLNT from
other sites. One difficulty with estimating the risk of iatro-
genic lymphedema following groin node transfer is that
flap harvest techniques vary from surgeon to surgeon. For
example, groin lymph node flaps have been described
based on the superficial circumflex iliac artery (SCIA),
superficial epigastric artery (SIEA), and the deep infe-
rior epigastric artery. With regards to the reported cases
of iatrogenic lymphedema following groin node transfer,
Vignes et al®” described harvesting an “abundant amount
of tissue” and Pons et al®® described harvesting “at least
3 lymph nodes” in the cases that resulted in donor limb
lymphedema, leading Demiri et al” to recommend limit-
ing the number of lymph nodes harvested.

It may be that clinically symptomatic iatrogenic donor
limb lymphedema is rare, but lymphatic function is still
compromised. A few studies have looked at the lymphatic
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function in the donor limb following groin VLNT. Viitanen
et al” performed postoperative lymphoscintigraphy in 10
patients who underwent a SCIA-, or SCIA and SIEA-based
groin lymph node flap transfer for BRCL. Minor changes
in lymphatic flow were noted in 6 patients and the trans-
portindex (a sensitive and specific scoring system derived
from lymphoscintigraphy findings) was abnormal in 2
patients. However, none of the patients complained of
lymphedema symptoms in the donor limb nor was there
a statistically significant difference in thigh circumference
between the donor and non-donor limbs. In a follow-up
study, the same group showed a smaller difference in limb
volume between the donor limb and non-operated limb
after modifying their groin lymph node flap harvest tech-
nique to only include the SCIA, no tissue medial to the
femoral artery to avoid the sentinel lymph nodes, which
are located medial and deep in the groin, and only 1 pal-
pable lymph node, compared with their initial technique
which involved harvesting tissue based on both the SCIA
and SIEA with more than 1 palpable lymph node in the
flap.” They found 2 out of 13 patients with abnormal
transport index values on lymphoscintigraphy using the
modified flap harvest technique compared to 1 out of 16
patients with an abnormal transport index using the ear-
lier technique. Therefore, even with more conservative
lymph node harvesting, it is possible to cause subclini-
cal lymphatic dysfunction in the donor limb. In a recent
study by Liu et al,”' postoperative limb circumference
measurement and lymphoscintigraphy was performed
in 30 consecutive patients undergoing VLNT for breast
cancer-related lymphedema using groin lymph nodes sup-
plied by the SCIA. With a mean follow-up of 13 months,
there was no significant difference in limb circumferences
between the contralateral and donor limbs, and while the
mean transport indices were significantly different at 2.04
and 3.34, respectively, both were within the range of nor-
mal (<10) with no dermal backflow pattern observed on
lymphoscintigraphy.

Based on the evidence available, it seems that symp-
tomatic iatrogenic donor site lymphedema is a rare
occurrence, although it may also be underreported.
Recommendations for minimizing the chances of iat-
rogenic lymphedema following VLNT include only har-
vesting a small number of lymph nodes and sparing the
sentinel or major draining lymph nodes of the donor
limb. For groin lymph node harvest, imaging and ana-
tomic evidence suggests avoiding dissection medial to
the femoral artery and inferior to the point where the
superficial circumflex iliac vein joins the greater saphe-
nous vein.””’*”" Reverse lymphatic mapping techniques
may help to reduce iatrogenic lymphedema by identifying
donor limb lymphatic tissues that should be preserved. As
described by Dayan et al,”” radioactive isotope (eg, tech-
netium) is injected into the lower limb to map the drain-
ing lymphatic tissues that should be left undisturbed while
ICG dye is injected in the upper abdomen/lateral groin
to identify lymphatic tissues to be included with the groin
lymph node flap. Others have described utilizing magnetic
resonance angiography or SPECT-CT lymphoscintigraphy
preoperatively to guide selective lymph node harvest and

spare the most functional lymph nodes for the donor
limb.* The authors recommend performing preoperative
lymphoscintigraphy on all patients who are planning to
have a VLNT using the inguinal, lateral thoracic, or supra-
clavicular donor sites. Donor site lymphedema following
harvest of the omentum or gastroepiploic nodes, jejunal
mesenteric nodes, or submental lymph nodes has never
been reported, but in the authors’ opinion, there is no
indication for obtaining preoperative imaging with the lat-
ter donor sites.

With many significant advances in super microsur-
gery, a surgical approach to lymphedema is increasingly
common, though many controversies remain. Each of
these—from optimal technique to prophylactic surgery to
donor-site lymphedema—represents an area of ongoing
investigation. The authors find that in our high-volume
center, with both multi-disciplinary evaluation and multi-
modal approach, surgical treatment of lymphedema is
patient-specific, safe, and efficacious.
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