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Abstract

Breast cancer-related lymphedema is a common complication after axillary lymph node dissection and radiotherapy, significantly
affecting patients’ quality of life. This review aims to outline the latest surgical advances for his management, highlighting cur-
rent techniques and their role in prevention and treatment at various stages of the disease. An extensive literature review was
performed in major databases (PubMed, Scopus, Web of Science), focusing on original studies, systematic reviews, and
metaanalyses addressing surgical techniques for the management of breast cancer-related lymphedema. Articles published in
the last '° years were included. Several surgical approaches are described, including lymphaticovenous anastomosis, vascular-
ized lymph node transfer, immediate lymphatic reconstruction, and liposuction. The choice of procedure depends on the clini-
cal stage of lymphedema, the availability of expertise and micro-surgical equipment. Current evidence shows that early
surgical management can reduce disease progression, improve quality of life, and lower the incidence of infectious episodes.
Lymphatic surgery offers promising outcomes in both prevention and treatment of breast cancer-related lymphedema. Although
significant advances—such as supermicrosurgery and immediate prophylactic procedures—have been made, there is still a
need for randomized clinical trials to strengthen clinical recommendations. An interdisciplinary approach and careful patient
selection are critical to optimizing outcomes.
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Resumen

El linfedema secundario al cancer de mama es una complicacion frecuente tras la diseccion ganglionar y la radioterapia, con
un impacto negativo en la calidad de vida de las pacientes. El objetivo de esta revision es presentar los avances en el trata-
miento quirdrgico del linfedema relacionado con cancer de mama, destacando las técnicas mds recientes y su papel en la
prevencion y el manejo en distintas etapas de la enfermedad. Se llevo a cabo una revision exhaustiva de la literatura dispo-
nible en bases de datos internacionales (PubMed, Scopus, Web of Science), enfocada en estudios originales, revisiones
sistemdticas y metaandlisis que abordaran las técnicas quirdrgicas para el manejo del linfedema secundario al cdncer de
mama. En la revision se incluyeron articulos publicados en los ultimos "° afios. Se describen distintas estrategias quirtrgicas,
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como la anastomosis linfdtico-venosa, la transferencia de ganglios linfaticos vascularizados, la reconstruccion linfdtica inmediata
y la liposuccion. La eleccion de la técnica depende de la etapa clinica del linfedema, de la disponibilidad de equipos y de la
experiencia en microcirugia. La evidencia actual indica que el tratamiento quirdrgico temprano puede disminuir la progresion
del linfedema, mejorar la calidad de vida y reducir el nimero de episodios infecciosos. La cirugia linfdtica ofrece resultados
prometedores en la prevencion y el tratamiento del linfedema secundario al cancer de mama. Aunque se han logrado avances
significativos —incluida la supermicrocirugia y los procedimientos de prevencion inmediata— persiste la necesidad de ensayos
clinicos aleatorizados que aporten mayor solidez a las recomendaciones. Un abordaje interdisciplinario y la seleccion adecuada

de las pacientes son cruciales para optimizar los resultados.

Palabras clave: Linfedema. Cancer de mama. Reconstruccion linfatica. Anastomosis linfatico-venosa. Supermicrocirugia.

|ntroduction

Lymphedema is a complex clinical condition char-
acterized by insufficiency of the lymphatic system,
manifesting as abnormal accumulation of protein-rich
fluid in the interstitial space of the upper and lower
extremities.

Breast cancer-related lymphedema occurs after dis-
ruption of the lymphatic system by axillary lymph node
dissection, radiation, or taxane therapy. It is estimated
to affect 1 in 5 patients with breast cancer, producing
significant psychosocial, emotional, and economic
impacts'2. This dysfunction in lymphatic transport typi-
cally leads to chronic swelling of the affected limb,
followed by progressive fibrosis, hypertrophy of fatty
tissue, structural damage to lymphatic vessels, and
significant impairment in quality of life**. Management
of lymphedema requires an interdisciplinary approach
involving collaboration among multiple specialties,
including plastic surgery, surgical oncology, breast sur-
gery, radiology, and physical therapy specialized in
lymphedema, among others®. Each discipline contrib-
utes expertise to optimize patient outcomes.

Among the risk factors, obesity has been identified
as a significant determinant in the development of
postoperative lymphedema in breast cancer patients,
underscoring the importance of implementing strate-
gies directed at weight control and loss in those at risk
of developing secondary lymphedema?®’.

Although lymphedema has no cure, conservative
management—based on complete decongestive ther-
apy or manual lymphatic drainage, along with com-
pression, exercise, and skin care—represents the
reference method for prevention and for improving
local condition in early stages.

Surgical treatment is reserved for specific cases,
mainly when conservative treatment fails. Its objec-
tives include preventing disease progression, reduc-
ing the frequency of infectious or inflammatory

episodes, and improving both aesthetics and function
of affected areas.

Lymphatic surgery plays an increasingly important
role in breast cancer patients, serving both preventive
and therapeutic purposes in early and advanced
stages. Despite significant advances in this field,
including the development of supermicrosurgical tech-
niques and growing emphasis on prevention in recent
years, high-quality evidence remains limited due to
the scarcity of randomized clinical trials®®.

Staging of lymphedema

The staging system of the International Society of
Lymphology is based on physical examination, clinical
signs, measurements, and imaging modalities®®
(Table 1). In some centers, modified systems are used
that combine symptom severity, circumferential differ-
ences, and imaging findings, categorizing lymph-
edema from mild to very severe'.

Bioimpedance is a noninvasive technique used to
measure the body’s electrical resistance to a low-
intensity current. In the context of lymphedema diag-
nosis, bioimpedance is used to evaluate and monitor
fluid accumulation in tissues and changes in body
composition. The electrical current passes through
the body, and resistance varies according to water
and electrolyte content in the tissues. Lymphatic
fluid accumulated in lymphedema alters this resis-
tance, as tissues with higher water content conduct
electricity better. This technique can detect differ-
ences between affected and unaffected limbs and
monitor changes in a limb over time. It has the
advantage of identifying lymphedema in its early
stages, before visible data appear; in addition, it is
noninvasive, results are obtained within minutes,
and it allows precise measurement of fluid volume
changes'*.

Currently, the use of indocyanine green lymphogra-
phy has broadened the understanding of lymphatic
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Table 1. Clinical staging of lymphedema according to the
International Society of Lymphology

Stage Description

Stage O (latent) ~ Subclinical lymphedema, no edema, but with
evidence of impaired lymphatic function. May

exist months or years before edema occurs

Stage 1 Pitting edema, reversible. No palpable fibrosis
Stage 2 Pitting edema that does not respond to elevation
Stage 2b Non-pitting edema due to severe fibrosis

Stage 3 Severe swelling, fibrosis, and tissue thickening.
(lymphostatic Acanthosis (hyperpigmentation), hyperkeratosis,

elephantiasis) and papillomatosis (wart-like growths)

Figure 1. Indocyanine green lymphography. Upper image: normal limb
with linear lymphatic channels. Lower image: limb with lymphedema
showing dermal reflux and contrast stasis.

physiology, allowing in vivo visualization of patent lym-
phatic channels (Fig. 1).

Studies suggest the use of the MD Anderson Can-
cer Center (MDACC) classification system (Table 2),
which guides treatment decisions, consisting essen-
tially of lymphaticovenous anastomosis when visible
channels are present'®,

In addition to the MDACC classification, several insti-
tutions have implemented treatment algorithms that
integrate a multidisciplinary approach for prevention
and management of breast cancer—related lymph-
edema. Cho et al'” have proposed an algorithmic
approach based on MDACC staging and lymphedema
severity, prioritizing the use of lymphaticovenous anas-
tomosis in early stages and vascularized lymph node
transfer in advanced stages. This algorithm empha-
sizes early monitorization, interdisciplinary collabora-
tion, and the use of immediate lymphatic reconstruction
(preventive microsurgical approach for lymphatic

restoration [LYMPHA, lymphatic microsurgical preven-
tive healing approach], prophylactic lymphaticovenous
bypass, and immediate inguinal lymphatic reconstruc-
tion) in patients undergoing axillary lymph node dissec-
tion, with strict postoperative 24-month follow-up?.

Other additional techniques include lymph-MRI and
magnetic resonance lymphangiography, described by
Pons et al.'® consisting of intradermal gadolinium
injection and subsequent MRI imaging that allows
identification of deep lymphatic channels, an integral
view of lymphatic anatomy, and the possibility of locat-
ing channels for future bypass'®™®. (Fig. 2).

Surgical techniques in the current
treatment of lymphedema

Surgical treatment of lymphedema is categorized
into 2 main approaches:
— Physiologic therapy: focused on restoration or
reconstruction of lymphatic drainage.
— Excisional therapy: including procedures such as
liposuction and resective techniques with skin
grafting, such as the Charles procedure.

Immediate lymphatic reconstruction

The LYMPHA technique is attributed to Boccardo,
published in 2011, which marked the beginning of the
concept of immediate lymphatic reconstruction. Its
objective is to perform a lymphaticovenous bypass
during the same surgery in which lymphatic flow is
interrupted by axillary lymph node dissection0-22,

Initially, the technique consisted of introducing several
lymphatic vessels “en bloc” into an axillary tributary
vein, but over time variants have refined the procedure,
including removal of fat at the anastomosis site, since
its presence has been associated with higher failure
rates. Additional refinements include the “octopus” tech-
nique2® and the use of an interpositional venous graft
to avoid tension at the anastomosis?*. (Fig. 3).

Currently, this technique is known as immediate
reconstruction or prophylactic lymphaticovenous
bypass. Its objective is to prevent the development of
breast cancer—related lymphedema by restoring lym-
phatic drainage interrupted after axillary lymph node
dissection.

Published studies report that the use of this tech-
nique reduces the risk of lymphedema from 40%
down to 8%. Moreover, meta-analyses have demon-
strated its effectiveness and cost-effectiveness®#,
and several international groups are working on
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Table 2. MD Anderson Cancer Center lymphedema classification system

Stage

Management recommendation

Stage 0
No dermal backflow

Stage 1
Patent lymphatic vessels and minimal
dermal backflow

Stage 2
Moderate number of patent lymphatic
vessels and segmental dermal backflow

Stage 3
Few patent lymphatic vessels with extensive
dermal backflow

Stage 4
Dermal backflow involving the hand

Stage 5
ICG does not migrate proximally from the
injection site

Active monitorization with regular monitoring by bioimpedance and indocyanine green (ICG)
lymphography.

Preventive measures such as physiotherapy and follow-up with lymphedema specialists.
Consideration of immediate lymphatic reconstruction (inguinal immediate lymphatic
reconstruction, LYMPHA, prophylactic lymphaticovenous bypass) in patients undergoing
axillary lymph node dissection.

Complete decongestive therapy including manual lymphatic drainage, compression,
exercise, and skin care.

Lymphaticovenous anastomosis (LVA) recommended, as functional lymphatic vessels are
still present.

LVA feasible if functional lymphatic vessels are identified with ICG.
Complete decongestive therapy.

Combination of LVA and vascularized lymph node transfer (VLNT) in selected cases.
Compression therapy and physiotherapy as postoperative support.

VLNT is the primary surgical option when fibrosis prevents the performance of
lymphaticovenous anastomosis.

In these cases, intensified complete decongestive therapy with advanced compression
measures and manual lymphatic drainage is also recommended as part of the management
strategy.

VLNT with resection of fibrotic tissue when necessary.
Liposuction in cases of advanced lymphedema with significant fatty hypertrophy.
Complete decongestive therapy as adjunctive treatment to maintain volume reduction.

LYMPHA: lymphatic microsurgical preventive healing approach (preventive microsurgical approach for lymphatic restoration).

Figure 2. Magnetic resonance lymphangiography with intradermal
gadolinium administration. Linear lymphatic channels are visible in the
forearm.

- P KNG , \ 4
Figure 3. Immediate lymphatic reconstruction. “Octopus” technique:

multiple invaginating sutures. Arm in abduction to confirm absence of
tension.

generating high-level evidence to establish clinical
recommendations®282°,

Immediate lymphatic reconstruction has been used
not only in breast cancer but also in melanoma and
gynecologic cancers. Morotti et al.*® described imme-
diate inguinal lymphatic reconstruction in 12 lower
limbs after inguinal lymph node dissection, reporting
only 1 case of mild lymphedema (8.3%).
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Surgical considerations

Although lymphaticovenous bypass is conceptually
simple, its execution in the operating room is challeng-
ing. For example, in cases of standard en bloc lymph-
adenectomy, it may be difficult to find a recipient vein
of adequate length and caliber.

The learning curve varies according to the sur-
geon’s specialty:

— For the resective surgeon, the challenge lies in
identifying and preserving adequate recipient
veins during nodal dissection. In Mexico, this pro-
cedure is generally performed by a surgical on-
cologist with experience in breast surgery,
including axillary lymphatic dissection of levels |
and Il.

— For the reconstructive surgeon, the difficulty lies
in in-depth knowledge of venous and lymphatic
anatomy, reliable identification of target lymphatic
channels, and appropriate selection of recipient
veins, in addition to mastering microvascular
anastomosis techniques.

Physiologic treatment

LYMPHATICOVENOUS ANASTOMOSIS AND LYMPHATICO-
VENOUS BYPASS

The first experimental lymphaticovenous anastomo-
sis was reported by Jacobson in a canine model in
1962. Subsequently, Yamada performed the first clini-
cal application in a patient with obstructive lymph-
edema in 1967. During the 1970s, O’Brien and his
team implemented the technique in humans, while
several others attempted refinements without achiev-
ing satisfactory results.?

In 2000, Koshima introduced a supermicrosurgical
approach in which subdermal lymphatic vessels are
connected to adjacent subdermal venules measuring
less than 0.8 mm in diameter *'. This procedure, known
as lymphaticovenous anastomosis (LVA), allows diver-
sion of lymphatic flow into the venous system, its natu-
ral physiologic destination at the junction of the thoracic
duct with the venous circulation at the level of the
subclavian vein. By redirecting lymphatic flow into small
venules, obstruction of the lymphatic system is avoided.

Studies have demonstrated that LVA is highly effec-
tive in the early stages of lymphedema, and its applica-
tion is currently being investigated even in advanced
cases (stage lll). This technique is particularly effective

when functional lymphatic vessels are still present and
the surrounding tissue has not developed severe fibro-
sis. A significant proportion of patients undergoing this
procedure have been able to discontinue compression
garments, even with long-term follow-up®2.

SURGICAL PROCEDURE

In the preoperative evaluation, lymphatic mapping
with indocyanine green lymphography is performed,
which enables identification of functional lymphatic
vessels and adjacent venules.

The procedure can be performed under general
anesthesia or local anesthesia with sedation. Inci-
sions of 1 to 2 cm are performed at the previously
marked sites, after which the lymphatic vessels and
venules are carefully identified and dissected with the
aid of a surgical microscope.

The connection between the lymphatic vessel and
venule is achieved using supermicrosurgical tech-
niques with ultrafine sutures (11-0 or 12-0). Anastomo-
sis configurations may be end-to-end, end-to-side, or
combinations of both.

To verify anastomotic patency, the passage of a dye
such as indocyanine green or patent blue is observed.

Since infrared imaging can be integrated into the
surgical microscope, real-time intraoperative assess-
ment of LVA patency is possible. However, one of the
main limitations of this technique is the low penetra-
tion of the light used to stimulate dye fluorescence,
which reaches only up to 2 cm beneath the skin
(Fig. 4).

POSTOPERATIVE CARE AND COMPLICATIONS

In the postoperative period, continuous use of com-
pression garments is required to maintain adequate
lymphatic flow and prevent fluid accumulation. Regu-
lar clinical follow-up is performed to monitor for pos-
sible complications such as infections, persistent
edema, or anastomotic failure.

Most published series on lymphatic bypass surgery
report low complication rates. The most common
adverse events include minor wound-healing prob-
lems, episodes of cellulitis, and lymphatic fistulas®*®.

Vascularized lymph node transfer

Vascularized lymph node transfer (VLNT) is a mod-
ern and promising surgical technique for the treatment
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and preparation of the recipient site. B: gastroepiploic lymph node flap divided into 2. C: in situ flaps. D: immediate postoperative appearance.

of lymphedema, particularly in advanced-stage
patients in whom lymphaticovenous anastomosis is
not viable due to severe fibrosis or irreversible lym-
phatic vessel damage. It is also indicated in cases
refractory to conservative treatments and in patients
with recurrent episodes of cellulitis. In some cases,
VLNT can be combined with lymphaticovenous anas-
tomosis to improve outcomes®.

Initially described and popularized by Becker et al.®®
this technique prompted the search for lymph node
donor sites that minimize morbidity at the donor
region, thereby avoiding lymphedema in that area.
Preservation of vascular supply during transfer has
been shown to significantly improve the degree of
lymphedema and lymphatic function®’.

MECHANISMS OF ACTION

There are 2 main mechanisms by which transfer of
healthy lymph nodes contributes to restoring lymphatic
flow:

— “Sponge” function: vascularized tissue in the af-
fected area—often damaged by fibrosis and ra-
diotherapy—absorbs interstitial fluid and drains it
through the venous anastomosis of the flap.

— “Pump” function: transplanted functional lymph
nodes facilitate lymphatic circulation in the recipi-
ent site.

In addition, transplanted lymph nodes promote the
release of lymphangiogenic growth factors, stimulat-
ing lymphangiogenesis, that is, the formation of new
lymphatic connections between the flap and recipient
lymphatic vessels®.

DONOR SITES AND SURGICAL TECHNIQUE

The preferred donor sites currently include the sub-
mental, supraclavicular, thoracodorsal, inguinal, and
gastroepiploic regions (Fig. 5).

The inguinal flap is an evolution of the superficial
circumflex iliac artery perforator flap, harvested from
the lateral portion of the inguinal area to reduce the
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Figure 5. Lymphaticovenous anastomosis. A: localization of lymphatic channels with indocyanine green lymphography and infrared camera.
B: overall view of surgical setup under microscope. C: close-up, subcutaneous incisions approximately 2 cm long. D: lymphaticovenous anas-

tomosis in situ. Contrast grid 1 mm per square.

risk of donor-site lymphedema. To optimize procedural
safety, reverse lymphatic mapping is employed, using
a dual technique to identify nodes draining the donor
limb (Fig. 6).

If the recipient site (axilla, ankle, or groin) has
undergone prior surgery or radiotherapy, a wide exci-
sion of scar tissue is performed to prepare an ade-
quate bed for the flap. Apparently, there is no difference
in outcome whether the flap is positioned in a distal
area (wrist) or in a proximal area (axilla)®.

Women requiring simultaneous breast reconstruc-
tion and lymphedema treatment may be ideal candi-
dates for breast reconstruction with lower abdominal
flaps, including inguinal lymph nodes. In these cases,
the thoracodorsal vessels are often selected as recipi-
ent vessels, allowing placement of lymphatic tissue in
the axillary space®. (Fig. 7)

COMPLICATIONS

Although vascularized lymph node transfer has gener-
ally proven to be a safe procedure, complications may
occur, including flap loss, donor-site lymphedema, seroma,
lymphocele, infection, and wound-healing problems*'.

Interposition of flaps with functional
lymphatic channels

The use of lymphatic imaging modalities, such as
indocyanine green, has enabled the transfer of lym-
phatic channel flaps with precise anatomic orientation,
functioning as a “bridge” in damaged areas such as
the axilla. This procedure facilitates reconnection of
healthy lymphatic channels and restoration of lym-
phatic flow in the affected region.
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Figure 6. Inguinal lymph node flap. A: flap inset at the wrist. B: immediate postoperative flap. C: preoperative lymphedema. D: postoperative

follow-up with lymphedema improvement.

Figure 7. Deep inferior epigastric perforator (DIEP) flap combined with inguinal lymph nodes. A: preoperative absence of breast. B: preoperative
left arm lymphedema. C: postoperative improvement of left arm lymphedema and reduced circumference. D: DIEP flap including inguinal lymph
nodes. E: postoperative reconstructed breast and treated lymphedema.

In the LIFT technique (lymphatic interpositional flap
transfer), a perforator flap including lymphatic vessels
is transferred to a recipient site to “bridge” the inter-
ruption caused by tumor ablation and connect proxi-
mal and distal lymphatic stumps*.

Excisional treatment
LiposucTion

Accumulation of lymphatic fluid in the extremities
causes increased deposition and hypertrophy of

adipose tissue. Liposuction, a procedure that uses a
fenestrated metal cannula connected to a vacuum suc-
tion system, allows aspiration of subcutaneous fat and
reduction of limb volume. However, one possible risk
of this technique is additional damage to the remaining
lymphatic vessels®. To minimize this risk, longitudinal
liposuction is preferred because it better preserves the
integrity of lymphatic vessels, which is why it has been
described as “lymphatic vessel-preserving.” On the
other hand, circumferential liposuction can be an
appropriate option when a more uniform cosmetic
result is sought, provided it is performed carefully.

443



444

Cirugia y Cirujanos (Eng). 2025;93(4)

Table 3. Overview of applications and outcomes of the main surgical techniques in lymphedema treatment

Technique Most suitable Indications Limitations Complications Volume reduction (%)
lymphedema stage
LYMPHA Prevention of Patients undergoing Ongoing debate None reported  Reduces risk of
lymphedema axillary lymph node on efficacy; lymphedema from 40%
dissection randomized trials in to 9% of cases
progress
Lymphaticovenous Early stages with Patients with early Requires Lymphatic Up to 44-55%;
anastomosis (LVA) functional lymphatic lymphedema, partial ~ fluorescence fistulas, minor  improvement in 73% of
vessels lymphatic transport equipment and infections cases
microsurgical skills
Vascularized lymph  Advanced stages with Patients with Risk of donor-site Donor-site Up to 47%; improved
node transfer (VLNT) fibrosis or irreversible advanced lymphedema; lymphedema, when combined with LVA
lymphatic vessel damage lymphedema or complex seroma,
unsuitable for LVA microsurgical infection, flap
technique loss
LIFT (lymphatic Stages Il and IlI Areas of lymphatic Requires Donor-site
interpositional flap flow interruption such  fluorescence lymphedema,
transfer) as wounds or scars equipment and seroma,
microsurgical skills  infection, flap
loss
Liposuction Advanced stages with Volume reduction in Continuous use Cellulitis, 20-23% (up to '°%6%
fibrosis and significant fat cases refractory to of compression lymphatic when combined with
hypertrophy compression therapy ~ garments; risk injury, minor compression therapy)

Extreme cases in
which daily activities

Direct excision with
skin grafts

Severe and refractory
cases with major
functional disability

are severely impaired

of damage to
lymphatic vessels

paresthesias

High morbidity, Scarring, chronic  Variable; used only in

poor cosmetic infections, extreme cases
outcome, invasive  contour
technique irregularities

LIFT: lymphatic interpositional flap transfer; LYMPHA: lymphatic microsurgical preventive healing approach.

Brorson* described liposuction performed under
ischemia, which allows extraction of adipose tissue
with significantly reduced blood loss. After fat removal,
excess redundant skin can be resected in the same
procedure.

The main disadvantage of liposuction is the need
for continuous (24-hour) use of compression garments
after surgery to maintain the achieved balance. Inter-
ruption of this regimen can lead to recurrence of
lymphedema due to reaccumulation of lymphatic fluid.
Therefore, liposuction is a reductive procedure that
does not improve lymphatic function.

DIrRecT EXCISION

Although direct excision is reserved for severe
cases of lymphedema because of its high morbidity,
in some cases radical excision may be the only option
to restore function.

Among the described techniques is the Charles pro-
cedure, characterized by complete resection of skin

and subcutaneous tissue while preserving the deep
fascia and plantar surface of the foot, with defect cov-
erage using skin grafts harvested from the resected
tissue®.

Other techniques have been developed to restore
connection between the deep and superficial lym-
phatic systems, including resection of skin and soft
tissue through an elliptical incision along the medial
aspect of the arm combined with wide excision of
the deep fascia, and the use of de-epithelialized
skin flaps positioned along the neurovascular bun-
dle throughout the incision length to promote lym-
phatic communication between the 2 systems?e.
(Table 3).

Robotic surgery

The use of robotic surgery in lymphedema treat-
ment represents a significant advancement in recon-
structive supermicrosurgery. This technology has
expanded surgical possibilities by improving preci-
sion, providing enhanced visualization, and



A. Maciel-Miranda et al. Surgical treatment of lymphedema

Table 4. Advantages and challenges of robotic surgery in lymphatic reconstruction

Advantages

Extreme precision
hands

Minimization of trauma
delicate lymphatic structures

Improved visualization
vessels and veins

Surgeon ergonomics

Potentially better outcomes
recovery

Greater accuracy due to robotic instruments, which can move within ranges beyond the capabilities of human

Controlled robot movements reduce the risk of damage to surrounding tissues, which is crucial in small and

Robotic systems offer enhanced three-dimensional visualization, facilitating identification of tiny lymphatic

The robotic platform reduces surgeon fatigue during prolonged procedures, thus improving intervention quality

Greater precision may translate into improved lymphatic drainage, symptom reduction, and faster patient

Challenges and considerations

High cost
Learning curve

Specific indications

Extensive training is required for surgeons

Systems are expensive, both in terms of acquisition and maintenance, which may limit accessibility

Not all patients with lymphedema are ideal candidates for robotic surgery. Its use should be considered case

by case, based on lymphedema severity, viability of lymphatic structures, and other factors

Procedure duration

Clinical evidence

Although precision is greater, robotic procedures may be longer, especially during the initial adoption phase

Although preliminary results are promising, larger and long-term studies are needed to establish the definitive

superiority of robotic surgery over traditional techniques

reducing tremor, which is particularly beneficial in
lymphaticovenous anastomosis techniques. Its
advantages and disadvantages are summarized in
table 4.

Conclusions

Lymphatic surgery offers promising results in the
prevention and treatment of breast cancer-related
lymphedema. Although significant advances have
been achieved, such as supermicrosurgery and
immediate preventive procedures, there remains a
need for randomized clinical trials to strengthen rec-
ommendations. An interdisciplinary approach and
appropriate patient selection are crucial to optimizing
outcomes.

Robotic surgery holds great potential in surgical
management of lymphedema, especially in micro-
surgical procedures such as lymphaticovenous
anastomosis and vascularized lymph node transfer.
However, its implementation must be considered in
relation to available resources, surgical team exper-
tise, and careful patient selection. With ongoing
technological advancement and specialized train-
ing, this modality will likely become standard in the
surgical management of lymphedema at specialized
centers.

Funding

The authors declare that they received no funding
for this study.

Conflicts of interest
The authors declared no conflicts of interest whatsoever.
Ethical considerations

Protection of persons and animals. The authors
declare that no experiments were performed on
humans or animals for this study.

Confidentiality, informed consent, and ethical
approval. The authors followed their institution’s con-
fidentiality protocols, obtained informed consent from
patients, and obtained approval from the Ethics Com-
mittee. The recommendations of the SAGER guidelines
were followed according to the nature of the study.

Statement on the use of artificial intelligence. The
authors declare that they did not use generative artifi-
cial intelligence for the writing of this manuscript.

References

1. Suami H, Chang DW. Overview of surgical treatments for breast can-
cer-related lymphedema. Plast Reconstr Surg. 2010;126:1853-63.

445



446

Cirugia y Cirujanos (Eng). 2025;93(4)

2.

20.

21.

22.

23.

Chang DW, Dayan J, Greene AK, MacDonald JK, Masia J, Mehrara B,
et al. Surgical treatment of lymphedema: a systematic review and
meta-analysis of controlled trials. Results of a consensus conference.
Plast Reconstr Surg. 2021;147:975-93.

. Sun JM, Yamamoto T. Primary surgical prevention of lymphedema.

J Chin Med Assoc. 2024;87:567-71.

. Leung N, Furniss D, Giele H. Modern surgical management of breast

cancer therapy related upper limb and breast lymphoedema. Maturitas.
2015;80:384-90.

. DiSipio T, Rye S, Newman B, Hayes S. Incidence of unilateral arm

lymphoedema after breast cancer: a systematic review and meta-analy-
sis. Lancet Oncol. 2013;14:500-15.

. Mehrara BJ, Greene AK. Lymphedema and obesity: is there a link? Plast

Reconstr Surg. 2014;134:154e-60e.

. Helyer LK, Varnic M, Le LW, Leong W, McCready D. Obesity is a risk

factor for developing postoperative lymphedema in breast cancer
patients. Breast J. 2010;16:48-54.

. Chang El, Masia J, Smith ML. Combining autologous breast reconstruc-

tion and vascularized lymph node transfer. Semin Plast Surg.
2018;32:36-41.

. Chang El, Schaverien MV, Hanson SE, Chu CK, Hanasono MM. Evolu-

tion in surgical management of breast cancer-related lymphedema: the
MD Anderson Cancer Center experience. Plast Reconstr Surg Glob
Open. 2020;8:e2674.

. Tiwari P, Coriddi M, Salani R, Povoski SP. Breast and gynecologic

cancer-related extremity lymphedema: a review of diagnostic modalities
and management options. World J Surg Oncol. 2013;11:237.

. Ward LC, Thompson B, Gaitatzis K, Koelmeyer LA. Comparison of

volume measurements and bioimpedance spectroscopy using a stand-on
device for assessment of unilateral breast cancer-related lymphedema.
Eur J Breast Health. 2024;20:141-8.

. Kim MG, Son WC, Kwon JG, Hong JP, Suh HS, Kim SA, et al. Clinical

utility of bioimpedance analysis for upper limb lymphedema with surgical
treatment. Lymphat Res Biol. 2025;23:39-45.

. Shah C, Boyages J, Koelmeyer L, Chen SL, Vicini F. Timing of breast

cancer related lymphedema development over 3 years: observations
from a large, prospective randomized screening trial comparing bioimpe-
dance spectroscopy (BIS) versus tape measure. Ann Surg Oncol.
2024;31:7487-95.

. Jorgensen MG, Hermann AP, Madsen AR, Christensen S, Sgrensen JA.

Indocyanine green lymphangiography is superior to clinical staging in
breast cancer-related lymphedema. Sci Rep. 2021;11:1-9.

. Thomis S, Ronsse S, Bechter-Hugl B, Fourneau |, Devoogdt N. Relation

between characteristics of indocyanine green lymphography and deve-
lopment of breast cancer-related lymphedema. Lymphat Res Biol.
2024;22:248-54.

. Nagy BI, Mohos B, Tzou CHJ. Imaging modalities for evaluating lymphe-

dema. Medicina (Kaunas). 2023;59:2016.

. Cho MJ, Flores Garcia J, Myung Y, Cha HG, Hayashi A, Hong JP, et al.

Evolving role of lymphedema surgery on breast reconstruction: a syste-
matic review and multi-institutional algorithmic approach. J Clin Med.
2024;13:6518.

. Pons G, Clavero JA, Alomar X, Rodriguez-Bauza E, Tom LK, Masia J.

Preoperative planning of lymphaticovenous anastomosis: the use of mag-
netic resonance lymphangiography as a complement to indocyanine
green lymphography. J Plast Reconstr Aesthet Surg. 2019;72:884-91.

. Abdelfattah U, Jaimez PM, Clavero JA, Bellantonio V, Pons G, Masia J.

Correlation between superficial and deep lymphatic systems using mag-
netic resonance lymphangiography in breast cancer-related lymphe-
dema: clinical implications. J Plast Reconstr Aesthet Surg.
2020;73:1018-24.

McEvoy MP, Gomberawalla A, Smith M, Boccardo FM, Holmes D,
Djohan R, et al. The prevention and treatment of breast cancer- related
lymphedema: a review. Front Oncol. 2022;12:1062472.

Boccardo FM, Casabona F, Friedman D, Puglisi M, De Cian F, Ansaldi F,
et al. Surgical prevention of arm lymphedema after breast cancer treat-
ment. Ann Surg Oncol. 2011;18:2500-5.

Boccardo F, Casabona F, De Cian F, Friedman D, Villa G, Bogliolo S,
et al. Lymphedema microsurgical preventive healing approach: a new
technique for primary prevention of arm lymphedema after mastectomy.
Ann Surg Oncol. 2009;16:703-8.

Chen WF, Yamamoto T, Fisher M, Liao J, Carr J. The “octopus” lympha-
ticovenular anastomosis: evolving beyond the standard supermicrosurgi-
cal technique. J Reconstr Microsurg. 2015;31:450-7.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Friedman R, Ismail Aly MA, Fanning JE, Pardo JA, Johnson AR, Lee BT,
et al. Immediate lymphatic reconstruction: lessons learned over eight
years. J Plast Reconstr Aesthet Surg. 2024;94:1-11.

Hill WKF, Deban M, Platt A, Rojas-Garcia P, Jost E, Temple-Oberle C.
Immediate lymphatic reconstruction during axillary node dissection for
breast cancer: a systematic review and meta-analysis. Plast Reconstr
Surg Glob Open. 2022;10:e4291.

Chun MJ, Saeg F, Meade A, Kumar T, Toraih EA, Chaffin AE, et al.
Immediate lymphatic reconstruction for prevention of secondary lymphe-
dema: a meta-analysis. J Plast Reconstr Aesthet Surg. 2022;75:1130-41.
Johnson AR, Asban A, Granoff MD, Kang CO, Lee BT, Chatterjee A,
et al. Is Immediate lymphatic reconstruction cost-effective? Ann Surg.
2021;274:e581-8.

Johnson AR, Kimball S, Epstein S, Recht A, Lin SJ, Lee BT, et al. Lym-
phedema incidence after axillary lymph node dissection: quantifying the
impact of radiation and the lymphatic microsurgical preventive healing
approach. Ann Plast Surg. 2019;82(4S Suppl 3):5234-41.

Feldman S, Bansil H, Ascherman J, Grant R, Borden B, Henderson P,
et al. Single institution experience with lymphatic microsurgical preven-
tive healing approach (LYMPHA) for the primary prevention of lymphe-
dema. Ann Surg Oncol. 2015;22:3296-301.

Morotti M, Menada MV, Boccardo F, Ferrero S, Casabona F, Villa G,
et al. Lymphedema microsurgical preventive healing approach for pri-
mary prevention of lower limb lymphedema after inguinofemoral lympha-
denectomy for vulvar cancer. Int J Gynecol Cancer. 2013;23:769-74.
Koshima |, Inagawa K, Urushibara K, Moriguchi T. Supermicrosurgical
lymphaticovenular anastomosis for the treatment of lymphedema in the
upper extremities. J Reconstr Microsurg. 2000;16:437-42.

Campisi C, Bellini C, Campisi C, Accogli S, Bonioli E, Boccardo F.
Microsurgery for lymphedema: clinical research and long-term results.
Microsurgery. 2010;30:256-60.

Chang DW, Suami H, Skoracki R. Reply: A prospective analysis of 100
consecutive lymphovenous bypass cases for treatment of extremity lym-
phedema. Plast Reconstr Surg. 2014;133:888e-9e.

Damstra RJ, Voesten HGJ, van Schelven WD, van der Lei B. Lymphatic
venous anastomosis (LVA) for treatment of secondary arm lymphedema.
A prospective study of 11 LVA procedures in 10 patients with breast
cancer related lymphedema and a critical review of the literature. Breast
Cancer Res Treat. 2009;113:199-206.

Wang D, Lyons D, Skoracki R. Lymphedema: conventional to cutting
edge treatment. Semin Intervent Radiol. 2020;37:295-308.

Becker C, Assouad J, Riquet M, Hidden G. Postmastectomy lymphe-
dema: long-term results following microsurgical lymph node transplanta-
tion. Ann Surg. 2006;243:313-5.

Tobbia D, Semple J, Baker A, Dumont D, Johnston M. Experimental
assessment of autologous lymph node transplantation as treatment
of postsurgical lymphedema. Plast Reconstr Surg. 2009;124:777-86.
Cheng MH, Huang JJ, Wu CW, Yang CY, Lin CY, Henry SL, et al. The
mechanism of vascularized lymph node transfer for lymphedema: natu-
ral lymphaticovenous drainage. Plast Reconstr Surg. 2014;133:192¢e-8e.
Montag E, Okada AY, Arruda EGP, Fonseca AS, Bromley M, Munhoz AM,
et al. Influence of vascularized lymph node transfer (VLNT) flap positio-
ning on the response to breast cancer-related lymphedema treatment.
Rev Col Bras Cir. 2019;46:€2156.

Saaristo AM, Niemi TS, Viitanen TP, Tervala TV, Hartiala P, Suominen EA.
Microvascular breast reconstruction and lymph node transfer for post-
mastectomy lymphedema patients. Ann Surg. 2012;255:468-73.

Cheng MH, Chang DW, Patel KM. Principles and practice of lymphedema
surgery. Philadelphia: Elsevier; 2021. 272 p.

Yamamoto T, Yamamoto N, Kageyama T, Sakai H, Fuse Y, Tsukuura R.
Lymph-interpositional-flap transfer (LIFT) based on lymph-axiality con-
cept: simultaneous soft tissue and lymphatic reconstruction without
lymph node transfer or lymphatic anastomosis. J Plast Reconstr Aesthet
Surg. 2021;74:2604-12.

O’Brien BM, Khazanchi RK, Kumar PA, Dvir E, Pederson WC. Liposuc-
tion in the treatment of lymphoedema; a preliminary report. Br J Plast
Surg. 1989;42:530-3.

Brorson H. [Liposuction of arm lymphoedema]. Handchir Mikrochir Plast
Chir. 2003;35:225-32.

Dumanian GA, Futrell JW. The Charles procedure: misquoted and misun-
derstood since 1950. Plast Reconstr Surg. 1996;98:1258-63.

Miller TA. A surgical approach to lymphedema. Am J Surg. 1977;134:191-5.



