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Background and Objective: Breast cancer therapy is a common cause of lymphedema, a chronic
condition resulting from impaired fluid drainage through the lymphatic system. The accumulation of
fluid in the affected limb leads to swelling, inflammation, and fibrosis, causing irreversible changes. While
conservative therapy is the initial treatment for lymphedema, it may prove ineffective for advanced-stage
cases that require surgical intervention. Physiological approaches such as lymphaticovenous anastomosis
(LVA) and vascularized lymph node transfer (VLNT) aim to restore lymphatic circulation, while reductive
approaches such as excision of excess tissue and liposuction (LS) aim to eliminate fibrofatty tissue. In
advanced stages of breast cancer-related lymphedema, a treatment that incorporates both physiological
and reductive methods is advantageous. The timing of these approaches varies, and recent simultaneous
procedures have been introduced to address both aspects in one surgery. Additionally, lymphedema treatment
can be combined with breast reconstruction. Current imaging techniques provide a better assessment of
the lymphedematous limb, aiding in the tailoring of a personalized combined approach within a single
surgery. This study aims to review the combined approach for breast cancer-related lymphedema treatment
and propose a new therapeutic algorithm based on recent literature. The research aims to optimize the
management of breast cancer-related lymphedema and improve patient outcomes.

Methods: PubMed/MEDLINE was used as the database to conduct a review of the currently available
literature concerning combined surgical techniques for treating breast cancer related lymphedema (BCRL).
Key Content and Findings: In our review, we discuss imaging methods for assessing lymphatic system
anatomy and function in surgical preparation and decision-making. Simultaneously, we examine a range of
combined surgical techniques for treating BCRL, encompassing the combined physiologic approach, breast
reconstruction with physiologic surgery, and the combination of reductive and physiologic procedures. Our
emphasis remains on key parameters, including patient demographics, lymphedema staging, procedure types,
follow-up duration, and objective limb measurements.

Conclusions: Surgical treatment of BCRL can include several surgical modalities that can be performed
simultaneously. Current imaging techniques enable the tailoring of a personalized combined one-stage
surgery for BCRL patients.
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Introduction

Breast cancer is the most diagnosed cancer among women
globally, affecting around 1.38 million females annually (1).
Lymphedema is a frequent iatrogenic complication
in Western countries that commonly arises following
lymphadenectomy as part of breast cancer treatment, and
its risk is often amplified by adjuvant radiotherapy (2,3).
The incidence of lymphedema is substantial in breast cancer
therapy, with rates of 5.6% for sentinel lymph-node biopsy
and 19.9% for axillary lymph node dissection (2).

Lymphedema is a chronic and incurable disease that
results from an impaired drainage of interstitial fluid
through the lymphatic system, leading to protein-rich fluid
accumulation in the interstitial space (4). The accumulation
of fluid not only causes regional swelling, inflammation,
and fibrosis that can advance over time, but it also
induces lipogenesis, fat deposition, and connective tissue
overgrowth, which ultimately may result in irreversible
induration of the affected area (5-7).

The primary treatment approach for lymphedema
is conservative therapy, which encompasses a range of
therapeutic modalities, including general measures such as
limb elevation, exercise, and diet, as well as compression
therapy and physiotherapy, such as manual lymphatic
drainage (MLD) and complete decongestive therapy
(CDT) (8-10). Conservative therapy frequently proves to
be ineffective for individuals with late-stage, nonpitting
lymphedema (9,11). Therefore, surgical intervention
is employed for advanced lymphedema, as well as in
combination with conservative treatment for earlier stages
(12,13).

The management of lymphedema through surgery
involves two different methods: physiological and reductive
approaches. Two common techniques that follow a
physiological approach are lymphaticovenous anastomosis
(LVA) and vascularized lymph node transfer (VLNT). LVA
works by creating a connection between high-pressure
subcutaneous lymphatic vessels and low-pressure venules,
thereby restoring local lymphatic circulation (12-15). On
the other hand, VLNT involves the transplantation of
functional lymph nodes to re-establish the natural flow of
lymphatic fluid (15-17).

Significant reduction in limb volume can be achieved
through these procedures, especially if they are conducted
during the early stages of lymphedema, before the
emergence of lymphatic sclerosis, soft tissue fibrosis, and
excess fat deposition (18-20).
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In cases of late-stage lymphedema, employing a reductive
approach that focuses on eliminating the accumulated
fibrofatty tissue can be highly advantageous. While excision
of excess tissue and liposuction (LS), the primary methods
utilized in this approach, yield significant and enduring
reductions in limb volume, conservative therapy is necessary
to maintain the results (21-23).

In advanced stages of breast cancer related lymphedema
(BCRL), a combined treatment that involves both
physiologic and reductive approaches could be advantageous
(24-27). The literature presents variation in the timing
of applying each therapeutic approach, and recently a
simultaneous procedure that involves both approaches
in one surgery has been introduced (28-31). Moreover,
treatment of lymphedema could be achieved simultaneously
with breast reconstruction (32). The purpose of this study
is to review the topic of the combined approach for the
treatment of breast cancer-related lymphedema and to
suggest a new therapeutic algorithm based on recent
literature. We present this article in accordance with the
Narrative Review reporting checklist (available at https://
gs.amegroups.com/article/view/10.21037/gs-23-247/rc).

Methods
PubMed/MEDLINE was used as the database to conduct

a review of the currently available literature concerning
combined surgical techniques for treating BCRL (7able I).
Our search encompassed studies published between January
1, 2010, and April 20, 2023. The search terms utilized
consisted of a combination of Medical Subject Heading
(MeSH) terms and pertinent free-text words that were
present in the titles or abstracts. The terms included in
the initial query were “lymphedema”, “lymphoedema”,
“breast cancer related lymphedema”, “breast cancer
lymphedema,” “lymphaticovenular”, “microsurgery”,
“anastomosis”, “lymphaticovenular anastomosis”, “lymph
nodes”, “vascularized lymph node transfers”, “liposuction”,
“reductive”, and “breast reconstruction”, for more detail,
see Table SI. Additionally, we executed supplementary
queries based on relevant reference information obtained
from the searched articles.

The process of electronic searching, screening of titles
and abstracts, and the inclusion of articles was undertaken
by the first author (D.D.). Prior to the analysis of each
selected article, relevant data was determined for extraction.
For all the articles that were included, we recorded the
number of patients, the stage of lymphedema, the type
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Table 1 The search strategy summary
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ltems

Specification

Date of search
Databases and other sources searched

Search terms used

Timeframe

Inclusion and exclusion criteria

Selection process

Additional considerations. Cited articles within
relevant articles were also considered

20/04/2023 to 27/05/2023
PubMed/MEDLINE

» o« ” o«

“Lymphedema”, “breast cancer lymphedema”, “microsurgery”, “anastomosis”,

” o«

“lymphaticovenular anastomosis”, “lymph nodes”, “vascularized lymph node

” o

transfers”, “liposuction”, “reductive”, “breast reconstruction”
01/01/2010-20/04/2023

Inclusion criteria: studies that included more than one type of surgery in the treatment
of BCRL

Exclusion criteria: non-English articles

The first author (D.D.) selected studies that included combined surgical approach for
the treatment of BCRL

Prior to analyzing each selected article, relevant data was determined for extraction.
Results from each study were documented and verified by two independent reviewers
(D.D.and A.A.Z)

BCRL, breast cancer related lymphedema.

of surgery performed, and objective measurements of
lymphedema.

The findings from each study were methodically
documented and cross-verified by two independent
reviewers (D.D. and A.A.Z.). Furthermore, the studies
were categorized into three distinct surgical groupings (as
detailed below), and their pertinent data was presented in
Tables 2-4.

Clinical manifestation, indications and
contraindications

Breast cancer therapy increases the risk of developing upper
extremity lymphedema (2). During surveillance visits, it
is important to closely monitor these patients and refer
them for early intervention upon diagnosis, as symptoms of
lymphedema tend to progress over time, with limb volume
increasing rate of 1.80-15.8%/year (44). Most patients will
present with symptoms within the first three years of breast
cancer therapy (45,46). Further, with continued fluid stasis,
the lymphatic system becomes overloaded, leading to pitting
edema followed by non-pitting edema, fat deposition, and
fibrosis, which is frequently permanent (stage 2 and 3) (6,8).

Combined treatment that involves several physiologic
and reductive modalities in one surgery, with or without
simultaneous ipsilateral autologous breast reconstruction, is
indicated in patients with advanced stage postmastectomy

© Gland Surgery. All rights reserved.

lymphedema, stages II-1II according to the International
Society of Lymphology (ISL), with deposition of fat
and fibrotic tissue, refractory to conservative treatment.
Combined treatment is contraindicated in patients with
active cellulitis, open wounds in the lymphedematous arm,
untreated or uncontrolled primary cancer, or those who are
medically unfit to undergo surgery safely, or those who are
not compliant with conservative therapy. These indications
and contraindications are comparable to those that are used
for surgical multimodal lymphedema treatment (24,25,27).

Preoperative clinical assessment and imaging

Preoperative evaluation of the patient’s lymphedema
includes clinical examination and measurement of the limb
volume. Out of convenience, the most common method
uses a tape for limb circumferential measurements for
applying the truncated cone formula. There are also less
common techniques such as water displacement volumetry
and perometry (7,8).

Lymphoscintigraphy, which is regarded as the gold
standard for diagnosing lymphedema, provides information
regarding both lymphatic anatomy and function (7,8).
This information could assist in choosing the appropriate
physiological surgery (24). While LVA requires functioning
lymphatics, VLNT could be performed also when
lymphatic channels are obstructed (24,25). Moreover, it
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Author Patients Lymphedema VLNT type Number of LVA  Average follow up time Objective limb
(reference) stage performed (months) measurements (mean)
Masia (33) 40 N/A SCIP/SIEA N/A 18 m Excess circumference
(range, 1-7) reduction rate: N/A
(range, 12-86.7%)
Circumference reduction:
N/A (range, 0.9-6.1 cm)
Chang (34) 33 2.78 SCIP/SIEA 15 19.7m Excess volume reduction:
(ICG staging) (part of DIEP)  (range, 1-4) 60.4%
Beederman (15) N/A, 104 N/A, SUEL group: SC/LT/GR N/A, 2.8 SUEL group: 61 patients Excess volume reduction:
(SUEL group) 1.7 (ISL); (UX group) (8 m); 28 patients (6 m); N/A, 25.7%
2.8 (ICG staging) 38 patients (12 m); (UX group at 12 m)
14 patients (24-48 m)
Chu (35) 4 2.37 (ICG staging) SCIP/SIEA N/A N/A, research group Excess volume reduction:
(part of DIEP) (15.8 m) 39.4%
(range, 4.2-44.8%)
Garza (36) N/A, 120 N/A, total group: SC/LT/GR N/A, 2.5 SUEL group: 45 patients Average reduction in
(SUEL group) 1.8 (ISL); (VLNT + LVA (83 m); 16 patients (6 m);  volume differential: N/A,
3 (ICG staging) group) 34 patients (12 m); 23.1% at12m
14 patients (24 m) (SUEL group)
Masia (37) 44 N/A SCIP/SIEA N/A N/A, research group Excess circumference
(range ,1-7) (16 m) reduction rate: N/A

(range, 12-89.6%),

Circumference reduction:
N/A (range, 0.9-6.1 cm)

VLNT, vascular lymph node transfer; LVA, lymphaticovenular anastomosis; N/A, not applicable; SCIP, superficial circumflex iliac artery
perforator; SIEA, superficial inferior epigastric artery; ICG staging, according to the M.D. Anderson classification; DIEP, deep inferior
epigastric perforator flap; SUEL, secondary upper extremity lymphedema; ISL, International Society of Lymphology staging system; SC,

supraclavicular; LT, lateral thoracis; GR, groin; UX, upper extremity.

can be integrated with computed tomography for reverse
lymphatic mapping and three dimensional localization of
lymph nodes prior to VLNT (47).

Indocyanine green (ICG) lymphography enables
examining the function of the superficial peripheral
lymphatic system prior to surgery. Several lymphedema
staging systems are based on this imaging method, and
they could potentially assist in guiding treatment protocols
(25,27). This technique assists identifying potential
functional lymphatic vessels for LVA or for recipient site of
VLNT (48). Performing reverse lymph node mapping prior
to VLNT can help identify and avoid critical lymph nodes
responsible for lymphatic drainage from the donor site, and
also reduce the risk of lymphatic damage during suction-
assisted lipectomy (8,47,48).

Magnetic resonance lymphangiography (MRL) is a
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precise technique for imaging and 3D mapping of both
superficial and deep lymphatic channels, as well as adjacent
structures like veins in the lymphedematous limb. It can
offer extensive information that may assist in surgical
decision-making, enhancing pre-surgical preparation, and
leading to shorter surgery time and smaller incisions (48,49).

Combined surgical techniques
Combined physiologic approach

LVA is a microsurgical procedure that restores local
lymphatic circulation by anastomosing a functional
lymphatic vessel within a local vein in a lymphedematous
limb (12-15). Briefly, the technique involves intradermal
injection of ICG into the web spaces of the affected limb.
Functional lymphatic vessels are stained along their path,
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Table 3 Breast reconstruction combined with a physiologic surgery
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Author Patients Lymphedema Breast Physiologic Average follow up time Objective limb measurements
(reference) stage reconstruction approach (months) (mean)
Nguyen (38) 29 N/A DIEP, n=12;  VLNT (SCIP/SIEA) 11m Excess volume reduction:
TRAM, n=17 11% at12m
Chang (34) 54 2.83 DIEP VLNT (SCIP/SIEA), 20.5m Excess volume reduction at 12m:
(ICG staging) n=54; LVA, n=33 VLNT + LVA group: 60.4%;
VLNT group: 57.8%
Engel (39) 15 1.75 (CLG) DIEP/PAP  VLNT (GR), n=11;  VLNT group (15.4 m); Circumferential difference: LVA
LVA group; LVA, n=4 LVA group (6.4 m) group: 11.1%; VLNT group: 19.7%
\/ZL?\li(CrI;(j) Circumferential reduction rate: LVA
group group: 11.6%; VLNT group: 24.9%
Masia (37) 16 N/A DIEP/SIEA VLNT (SCIP/SIEA) + N/A, Excess circumference reduction
LVA research group (16 m) rate: N/A (range, 42-89.6%)
Circumference reduction:
N/A (range, 2.9-6.1 cm)
Chen (40) 10 N/A DIEP, n=3; VLNT (GR) 12m Circumference reductions
TRAM, n=7 at12m:2.12cm
Ciudad (27) 10 2 (ISL) DIEP VLNT (GE) N/A, Circumferential reduction rates
research group (26.4 m) at 12 m: 56.5%
Chu (35) 3 2.16 DIEP VLNT (SCIP/SIEA) N/A, Excess volume reduction:
(ICG staging) research group (15.8 m) 39.4% (range, 4.2-44.8%)
Saaristo (41) 9 N/A DIEP/TRAM VLNT (SCIP) 6m Circumferential difference at 6 m:
antebrachium: 1.22 cm;
brachium: 1 cm
Dancey (42) 18 N/A DIEP VLNT (GR) 14m N/A
Nahabedian (43) 9 N/A DIEP/TRAM VLNT (GR) N/A N/A

N/A, not applicable; DIEPR, deep inferior epigastric perforator flap; TRAM, transverse rectus abdominus myocutaneous flap; VLNT, vascular
lymph node transfer; SCIP, superficial circumflex iliac artery perforator; SIEA, superficial inferior epigastric artery; ICG staging, according to
the M.D. Anderson classification; LVA, lymphaticovenular anastomosis; CLG, Cheng lymphedema grade; PAP, profunda artery perforator
flap; GR, groin; ISL, International Society of Lymphology staging system; GE, gastroepiploic.

and lymphography can allow their mapping and precise
identification during surgical exploration. A local vein is
anastomosed to a chosen functional lymphatic vessel, and
then intra-operative ICG lymphography can demonstrate
its patency (12,13,50). LVA is indicated for early-stage
lymphedema that is resistant to conservative therapy
(24,25). The best results, which include circumference and
volume reduction, are demonstrated in stages I and II, when
lymphatics are still functioning and fibrofatty deposition is
not dominant (12,20,26).

VLNT is a microsurgical procedure that involves the
harvesting of a flap containing lymphatic tissue, along with
its associated arteriovenous supply, and implanting it in a
lymphedematous limb (25,50). It is hypothesized that the

© Gland Surgery. All rights reserved.

implantation of healthy lymphatic tissue improves local
lymphatic drainage through two main mechanisms. The
first mechanism suggests that the flap acts as a local sponge’
that drains local extracellular lymphatic fluid into the
anastomosed vein (50,51). The second mechanism proposes
that VLNT enhances lymphangiogenesis by releasing local
growth factors such as vascular endothelial growth factor
(VEGF-C) (41,50). These mechanisms do not require
the recipient lymphedematous limb to have a functional
lymphatic system, thus making VLNT a suitable procedure
for treating late-stage lymphedema (24,25,27).

Possible recipient sites for VLNT include the wrist and
the axilla. Opting for the axilla as the recipient site offers
the advantage of concurrently releasing scar tissue in the
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Author Patients Lymphedema  Physiologic Reductive procedure Average follow up  Objective limb
(reference) stage procedure time (months) measurements (mean)
Ciudad (27) 38 3 (ISL) LVA, n=36; ICG lymphography guided N/A, (26.4 m for all Circumference reduction

VLNT (GE), n=2

tumescent LS

research group) rate: LVA 85%; VLNT 75%

489 m Excess volume reduction:

87.7%, 691.7 cc

Dry, n=18; wet, n=3

VASER and ICG
lymphography guided

Circumference reduction
rate 90%

N/A, research
group (14 m)

tumescent LS

Leppapuska (29) 21 2 (ISL) VLNT (SCIP) LS
Ciudad (30) 12 2b-3 (ISL) LVA
Brazio (28) 6 2 (IsL) VLNT (SC/GE/
GR)/LVA
Ciudad (31) 6 3(ISL) VLNT (GE) RRPP

ICG lymphography guided
tumescent LS

Excess volume reduction:
82%

N/A, research
group (9.8 m)

14.2m Circumference reduction

rate 74.5%

ISL, International Society of Lymphology staging system; LVA, lymphaticovenular anastomosis; VLNT, vascular lymph node transfer;
GE, gastroepiploic; ICG staging, according to the M.D. Anderson classification; LS, liposuction; N/A, not applicable; SCIP, superficial
circumflex iliac artery perforator; VASER, vibration amplification of sound energy at resonance; ICG, indocyanine green; SC,
supraclavicular; GR, groin; RRPP, radical reduction with perforator preservation.

axillary region, which can address potential axillary vein
strictures and enhance the range of motion (52,53). This
localized intervention serves to minimize the recurrence
of contractures by introducing well-vascularized tissue to
the radiated area, and it fosters local lymphangiogenesis to
restore lost pathways for lymphatic drainage (53).

For patients lacking a functional lymphatic system
capable of countering gravity-induced lymph flow, the wrist
can be a beneficial recipient site. The local anatomy of
the wrist capitalizes on the radial artery as a high-pressure
afferent inflow conduit into the lymph node flap, while the
cephalic vein functions as the low-pressure efferent drainage
vessel (54). Although not achieving statistical significance,
a comparison with the axilla as the recipient site reveals
that the wrist recipient site exhibits superior improvements
in quality of life, functionality, and the discontinuation of
compression garments (55). This phenomenon could be
explained by the proximity of the “pump mechanism” to
the hand, leading to more effective local edema reduction.
Despite the potential for a lesser lymphatic drainage effect,
patients who prioritize the aesthetic aspect of their wrist can
opt for the medial elbow as the recipient site (56).

A meta-analysis indicates no statistically significant
difference in terms of limb circumference reduction rate
or excess volume reduction between the wrist and axilla
as recipient sites. Currently, there is no consensus on
the optimal location for the recipient site for VLNT in
patients with BCRL (55). Therefore, further prospective

© Gland Surgery. All rights reserved.

randomized controlled trials comparing these two sites are
strongly encouraged.

Several authors presented a combined physiologic
approach that includes both LVA and VLNT in a single
operation (Tuzble 2) (15,33-35). Prior to surgery ICG
lymphography is performed to evaluate the lymphedema
stage according to M.D. Anderson classification. As the stage
progresses, the imaging of patent lymphatic vessels decreases
while the imaging of dermal backflow increases (20).
LVA planning could be achieved only in the first 3 stages,
when imaging of patent lymphatic vessels is demonstrated
(15,34). MRL can also aid in evaluating lymphatic function
and surgical planning (33). In cases of dysfunctional
lymphatic system, a reductive approach could be
proposed (33).

Performing LVA and VLNT in a single surgery
(Figure 1) could result in synergistic benefits as they
work through different mechanisms. LVA provides
immediate postoperative improvement, while VLNT
offers long-term lymphedema improvement by promoting
lymphangiogenesis (15).

Breast reconstruction combined with a
physiologic surgery

Post-mastectomy patients could benefit from autologous
breast reconstruction, especially those who have already
received radiotherapy (57,58). Microvascular breast
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Figure 1 Combined physiological surgery including VLNT and
LVA. A 62-year-old post mastectomy patient who suffers from
pitting BCRL stage 2 (ISL). Combined physiologic surgical
treatment was tailored for the patient, which included left lateral
thoracic VLNT to the right axilla (yellow arrow) and distal LVA
at the level of the wrist (red arrow). VLN, vascular lymph
node transfer; LVA, lymphaticovenular anastomosis; BCRL,
breast cancer related lymphedema; ISL, International Society of
Lymphology staging system.

reconstruction (MBR), which utilizes free lower abdominal
flaps such as the deep inferior epigastric perforator (DIEP)
flap and transverse rectus abdominis musculocutaneous
(TRAM) flap, has demonstrated a lower incidence of BCRL
and a possible reduction in lymphedema symptoms (59,60).
During the last decade, several authors have demonstrated
a combined approach for treating post-mastectomy
lymphedema patients, which involves breast reconstruction,
VLNT, and scar release to restore the configuration and
function of the breast (Table 3) (27,34,35,37-43). The
advantage of this approach over a staged one is that the
patient does not have to go through two major and time-
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consuming surgeries. When the ICG lymphography pattern
demonstrates patent lymphatics, some authors also combine
LVA with no significant difference in operative time or
hospital stay (Figure 1) (34,35). Although LVA provides
immediate postoperative improvement, after 12 months, the
improvement was equivocal to the control group (34).

The superficial groin lymph nodes are predominantly
used as the donor site for VLNT in the combined approach
(Figures 2,3) (27,34,35,37-40,42,43). As the groin lymph
nodes drain the lymphatics of the leg, harvesting them
could result in iatrogenic lymphedema at the donor site,
as demonstrated in previous reports (61-63). Harvesting
lymph nodes superior to the superficial circumflex iliac vein
and lateral to the superficial inferior epigastric vein, which
predominantly drain the lower abdomen, lower back, and
upper gluteal region, may reduce this complication (64,65).
Another method involves using reverse lymphatic mapping
to locate and harvest lymph nodes that drain the abdomen
while avoiding the harvesting of the sentinel lymph node
that drains the ipsilateral leg (47).

Reductive procedure combined with a physiologic procedure

Chronic lymphedema is characterized by the deposition
and hypertrophy of adipose tissue and fibrosis to a degree
where pitting may be absent (7,66). While physiologic
procedures can improve lymphatic drainage, they cannot
remove the accumulated fat and fibrosis (28,66). Only a
reductive approach can significantly reduce the amount
of accumulated fibrofatty tissue (28,66). The main two
reductive surgeries are LS and surgical excision.

LS in lymphedema is a modified surgery of the standard
cosmetic technique for reducing fibrofatty content in
lymphedema patients (30,50,67). While it is typically
performed circumferentially, step-by-step from distal to
proximal, performing it longitudinally can help reduce the
risk of lymphatic injury (68,69). The tumescent technique
has a better safety profile when compared to the wet
and dry techniques, as it reduces the risk of iatrogenic
lymphatic damage and blood loss (68-70). A systematic
review showed that LS could reduce excess volume by
more than 100%, but usually sustaining the results requires
continuous compressive therapy (71,72). In some patients
the use of compression garment could be reduced and even
discontinued by applying VLNT (73,74). Other benefits of
this procedure include improvement in the quality of life,
skin blood flow, range of motion, decreased incidence of
cellulitis in the affected extremity, as well as fewer inpatient
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Figure 2 Breast reconstruction combined with VLNT. (A) A 68-year-old post mastectomy patient who suffers from BCRL stage 2 (ISL).

(B) Breast reconstruction using DIEP free flap (yellow arrow point on its pedicle) with groin VLNT (the green line delimits its area; green
arrow points on its pedicle) implanted to the axilla. (C) Patient at 6 months follow-up. VLNT, vascular lymph node transfer; BCRL, breast
cancer related lymphedema; ISL, International Society of Lymphology staging system; DIEP, deep inferior epigastric perforator.

Figure 3 Limb volume after breast reconstruction combined with VLNT. (A) Per-operative image of the right lymphedematous hand. (B)

Follow-up, 1 year after surgery. Excess volume reduction: 28%. VLN, vascular lymph node transfer.

admissions for IV antibiotic therapy (66,67,72).

For patients who suffer from large volume, advanced-
stage lymphedema with advanced fibrotic disease, LS could
be ineffective, and surgical excisional debulking techniques
could be beneficial.

Historically, these techniques include radical excision
of skin, subcutaneous tissue, and part of the fibrotic fascia,
followed by skin grafting (Charles procedure), and staged
excision of subcutaneous tissue (Sistrunk, Homans, and
Miller) (50,75-77). The disadvantages of those techniques
include the recurrence of lymphedema, infections, skin graft
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loss, and poor cosmetic results (75-77).

Radical reduction with perforator preservation (RRPP)
is a modification of the traditional excisional techniques
that applies the perforator flap concept. This technique
involves the elevation of cutaneous flaps while preserving
their supplying perforators, followed by the excision of the
underlying subcutaneous tissue. This single-stage procedure
offers long-lasting volume reduction and satisfactory
cosmetic results (76-78).

In the treatment of advanced stages of BCRL, staged
physiologic and reductive procedures are commonly
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Figure 4 LS combined with LVA. (A) A 52-year-old post mastectomy patient who suffers from non-pitting BCRL stage 3 (ISL). MRL

demonstrated predominant fat content thus a combined reductive with physiologic surgery was proposed (functional lymphatic vessels

in the distal arm). (B,C) Per-operative images. LVA (C) was performed in the dorsal wrist (yellow arrow, B). LS, liposuction; LVA,

lymphaticovenular anastomosis; BCRL, breast cancer related lymphedema; ISL, International Society of Lymphology staging system; MRL,

magnetic resonance lymphangiography.

employed (79,80). Recently, several authors have described
a combined approach that aims to restore physiological
lymphatic drainage and reduce the accumulated excess
fibrofatty tissue (Figure 4, luble 4) 27-31).

Discussion

The treatment of BCRL consists of several therapeutic
modalities, initially including conservative measures
such as compression therapy and physiotherapy (8,9). If
unsatisfactory results are observed, the use of advanced
diagnostic imaging is required to establish the most suitable
surgical therapeutic approach (48,49). There is a consensus
that LVA requires functional lymphatic vessels, which
are typically found in the early stages of lymphedema but
could also be found in late stages (12,14,15,20). On the
other hand, VLNT can be applied at any stage, even with
obstructed lymphatics (24,25,27). Physiologic surgeries aim
to decrease extracellular lymphatic fluid, while the reductive
approach focuses on removing accumulated fibrofatty tissue.
Several therapeutic algorithms propose a logical staged
approach for treating lymphedema while considering factors
such as lymphedema clinical staging, ICG lymphography

© Gland Surgery. All rights reserved.

staging and pre-operative mapping, lymphatic anatomy
and function as demonstrated by lymphoscintigraphy and
MRL, lymph-node donor site, and the possibility of breast
reconstruction (24,25,27,78,81).

In this study, we present recent attempts in the literature
to ‘bypass’ the reconstruction ladder in the treatment of
BCRL by combining different therapies to decrease the total
number of surgeries and to maximize therapeutic effect.
This approach allows us to propose a new comprehensive
therapeutic algorithm for the treatment of BCRL (Figure 5).

Physical examination is highly important for lymphedema
staging as it can provide a rough indication of the content
that fills the edematous limb. While pitting edema suggests
that the dominant content of the edematous limb consists
of extracellular lymphatic fluid, which correlates with early-
stage lymphedema, non-pitting edema suggests that the
dominant content is of a fibrofatty nature, which correlates
with advanced-stage lymphedema (6-8).

Imaging assessment of lymphatic system function is
crucial for tailoring the best-matching surgical therapy for
each patient. Lymphoscintigraphy provides a comprehensive
evaluation of the lymphatic system’s function in the affected
limb. It can reveal the presence of channels and lymph
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BCRL

Breast No breast
reconstruction reconstruction
Pitting Non-pitting
lymphedema lymphedema
¢ |[CG lymphography MRL: lymphedema
* MRL content
Fluid Fibrofatty
ICG lymphography
MBR + VLNT LS +
stage 1-3 LVA + VLNT
MRL-patent lymphatics L LVA/VLNT
ICG lymphography
stage 4 LS/excision
lymphoscintigraphy- GlELR! U + VLNT
complete obstruction
LS/excision

Figure 5 The combined approach for surgical treatment of breast cancer related lymphedema (algorithm). BCRL, breast cancer related

lymphedema; ICG, indocyanine green; MRL, magnetic resonance lymphangiography; LVA, lymphaticovenous anastomosis; VLN,

vascularized lymph node transfer (including scar release for axilla as the recipient site); LS, liposuction; MBR, microvascular breast

reconstruction; Excision, refers to procedures such as Charles procedure and radical reduction with perforator preservation.

nodes, track the tracer’s progression, and demonstrate
abnormal circulation or patterns and/or dermal backflow
(7,8). When lymphatic channels are demonstrated, LVA
can be performed after precise localization of the channels
using ICG lymphography or MRL (8,12,49). However,
even in cases where there is a complete obstruction of
lymphatic vessels and no lymphatic channels can be
identified, one cannot be certain that functional channels
are entirely absent. Additional imaging may be necessary
to exclude the presence of functional lymphatics (82,83).
ICG lymphography demonstrates a real-time function of
the superficial lymphatic system by mapping contrast agent
progression through the subdermal lymphatic collecting
vessels (48). This allows planning a suitable location for
performing LVA.

When severe dermal backflow pattern is observed
with no visualization of patent lymphatic vessels (stage 4),
performing LVA is discouraged (25,27). MRL is the
most comprehensive imaging technique available for
lymphatic evaluation. Its greatest advantage over other

© Gland Surgery. All rights reserved.

modalities is its ability to provide a 3D evaluation of the
entire tissue, including lymphatic vessels, veins, and the
surrounding tissues (49). This enables detailed preoperative
microsurgical planning and provides information about
the nature of the edematous limb. When there is a
predominant lymphatic content, a physiologic approach
should be proposed, whereas when there is a predominant
deposition of fibrofatty tissue, a reductive approach should
be considered (28,49). When physiologic procedure alone
does not result in a satisfactory result, a second reductive
procedure should be considered.

BCRL patients who require breast reconstruction
can benefit from a simultaneous physiological surgery
(34,38). Imaging of patent lymphatic vessels can determine
whether LVA should be performed. To our knowledge,
a simultaneous reductive surgery such as LS or RRPP
has never been performed in combination with breast
reconstruction and a physiological surgery. Therefore, it
could be offered as a subsequent surgery or, if possible,
combined into a one-stage surgery.
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It is important to understand that clinical staging assigns
“one stage” to the entire limb, while the imaging staging
can vary in different zones of the affected limb. Thus, the
imaging based combined approach offers the most effective
treatment in a single intervention.

Conclusions

Surgical treatment of BCRL can include several surgical
modalities that can be performed simultaneously. Current
imaging techniques enable the tailoring of a personalized
combined one-stage surgery for BCRL patients.
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Supplementary

Table S1 Search strategy (PubMed)

No. Query Results
3 (#1) AND (#2) 1,411
2 ("anastomosis"[Title/Abstract] OR "lymphaticovenular"[Title/Abstract] OR "lymphaticovenular 104,612

anastomosis"[Title/Abstract] OR "lymph nodes"[Title/Abstract] OR "vascularized lymph node transfers"[Title/
Abstract] OR "liposuction"[Title/Abstract] OR "reductive"[Title/Abstract] OR "breast reconstruction"[Title/
Abstract]) AND ((2010/1/1:2023/4/20[pdat]) AND (english[Filter]))

1 ("lymphedema"[MeSH Terms] OR "lymphedema*"[Title/Abstract] OR "lymphoedema*"[Title/Abstract] OR 8,878
"breast cancer related lymphedema*"[Title/Abstract] OR "breast cancer lymphedema*"[Title/Abstract]) AND
((2010/1/1:2023/4/20[pdat]) AND (englishl[Filter]))
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