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Abstract

Secondary upper limb lymphedema remains one of the most significant complications of surgical and radiation treatment of breast cancer
and is characterized by progressive impairment of lymphatic drainage, chronic inflammation, and soft tissue fibrosis. In cases of pronounced
anatomical and functional damage to lymphatic collectors, the effectiveness of conservative therapy and lymphovenous anastomoses is
limited, necessitating the use of physiological microsurgical reconstruction techniques. Vascularized lymph node transfer (VLNT) is considered a
pathogenetically substantiated approach to restoring lymphatic drainage, combining the mechanical «lymphatic pump» effect with stimulation of
lymphangiogenesis through growth factor secretion. Imaging modalities of the lymphatic system, including indocyanine green (ICG) lymphography
and lymphoscintigraphy, play a crucial role in patient selection and in the assessment of surgical outcomes by enabling visualization of dermal
backflow, collector obliteration, and the formation of new lymphatic pathways. The paper presents a clinical case of a patient with stage IIA
lymphedema following comprehensive breast cancer treatment, in whom the absence of clinical improvement after lymphovenous bypass served
as an indication for delayed breast reconstruction with a free DIEP flap combined with inguinal vascularized lymph node transfer. Postoperative
follow-up demonstrated a reduction in limb volume, decreased dermal backflow, and the appearance of linear lymphatic flow patterns in the
transplant area. These findings confirm the potential of vascularized lymph node transfer as a component of a comprehensive surgical strategy for
the treatment of secondary lymphedema in patients after combined breast cancer therapy.
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BTOPUYHAA IMM®PEOEMA KAK OCJIOXXKHEHUE
XUPYPIMYECKOTO JIEYEHMSA PAKA MOJTOYHOM
XENE3bl: AYTOTPAHCINTAHTAUUUN NTNMMBPATHUHECKUX
Y3/10B C MCINOJIbSOBAHUEM ICG-JIUM®POIPADUA

E.A. Tpowenkos, M.A. Monsk, K.A. LLax6anoea, A.l. KanpuH,

E.B. Punonenko, A.®D. Kyuypaguc, [. ManTapumamc

HaumoHanbHbIM MEAULMHCKMIA MCCNENOBATENLCKMA LIEeHTP paauonorimn Munsagpasa Poccuu,
Mockea, Poccus

Pesiome
BTOpI/ILIHaf-I nMMd)e,qema BerHeIﬁ KOHEeYHOCTN OCTaéTCﬂ Oo4HUM U3 Ham6onee 3HAYNMbIX OCHO)KHeHI/Iﬁ xmpyprvlquKoro n nyquoro neyeHma
paka MOJIOUHOW »esie3bl Y XapaKTepr3yeTcs NPOrpeccupyoLMm HapyLleHneM TMMdaTMYeCcKoro OTToKa, Pa3BUTMEM XPOHMNYECKOro BocCMane-
HUA 1 prnbpo3a MArKKX TKaHew. Mpy BbiparkeHHbIX aHaTOMO-GYHKLMOHANIbHbIX M3MEHEHMAX NMMMbaTNUYECKMX KONIEKTOPOB 3GGEKTUBHOCTb
KOHCEepBaTUBHOW Tepanum 1 NMMPOBEHO3HbIX aHACTOMO30B OrPaHNYEHa, YTO OnpesensieT HEOO6XOANMOCTb NPYMEHeHUsE GU3NONOTMYECKNX
MUKPOXUPYPIMYECKMX METOAOB PEKOHCTPYKLUMMW. AYyTOTPaHCMNaHTaLUA BacKynsapn30BaHHbIX MMMPATAUYECKMX Y3/10B pacCMaTprBaeTCA Kak
naToreHeTnyeckn o60CHOBaHHbI cnocob BOCCTaHOBNEHUA J'II/IM(])OJJ,pEHa)Ka, COHETaFOLLIVIVI MeXaHnyeckumn 3¢¢eKT <<J1I/IM¢aTVIHECKOFO HacocCa»
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1 CTUMYNALMIO TMMPaHToreHesa 3a CYET cekpeLmn GpakTopos pocTa. CylecTBeHHYI0 posib B OTOOPe NaLMEeHTOK 1 oLieHKe 3pPeKTUBHOCTH
BMeLLaTeNbCTBa MIPalOT METOAbI BU3yanv3auumn numdatnyeckon cuctembl, Bkmoydas ICG-numdorpaduio n numdocumHTMrpadumio, no3sonsato-
LWKe BbISBAATb AePMasibHbI pedioKc, 06nm1TepaLmio KOIEKTOPOB U GOpMUPOBaHEe HOBbIX MyTel NMMdaTnyeckoro TpaHcnopTa. B pabote
NpeAcTaB/ieHO KIMHNYecKoe HabnoaeHne naumeHTkn ¢ numéegemot [IA ctagmm nocne KOMMIEKCHOrO NleYeHnA paka MOJIOUHON Xenesbl,
y KOTOpPOW OTCyTCTBYE 3P deKTa OT IMMPOBEHO3HOTO LYHTUPOBAHNA MOCYKN0 OCHOBAHVEM [/1A BbINOJIHEHNA OTCPOYEHHOW PEKOHCTPYK-
L1 MOJTIOYHOM xene3bl cBo6oaHbIM DIEP-nocKyTOM B cOYeTaHMM C TPaHCMIaHTaUvel NaxoBblX MMMaTnyeckmx y3noB. B nocneonepaumoH-
HOM Mepuofie OTMEYEHO yMeHblleHne 06béMa KOHEUHOCTM, CHUKEHWE BblPaXKEHHOCTV AepManbHOrO pedriioKkca 1 NoABneHne JIMHENHbIX
Y4acCTKOB NMGaTNYECKOro TPaHCMopTa B 30He TpaHCniaHTaTa. [lolyyeHHble AaHHble NOATBEPX/AAlOT NePCNeKTUBHOCTb TPaHCMIaHTaLMm
BaCKYNIAPM30BaHHbIX NMMMATUYECKMX Y3/10B Kak KOMMOHEHTa KOMMIEKCHON XPYPruyeckon CTpaTeruy neyeHns BTOPUYHON nmdeaembl

Yy naumeHToK nocne KOM6VIHI/IpOBaHHOFO JleYyeHnA paka MOIOYHO Xene3bl.
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Introduction

Lymphedema is a chronic disease caused by
impaired lymphatic transport and characterized by
the accumulation of protein-rich fluid in the interstitial
space, followed by chronic inflammation, fibrosis, and
structural remodeling of soft tissues [1]. According to
the literature, lymphedema is considered a dynamic
pathological process that includes not only mechanical
obstruction of the lymphatic pathways but also complex
immune-inflammatory changes leading to progressive
tissue remodeling [2].

Upper extremity lymphedema following breast
cancer surgery remains one of the most significant
challenges in modern oncology and reconstructive
surgery. Despite the introduction of sentinel lymph
node biopsy and the de-escalation of axillary surgery,
the incidence of lymphedema after axillary lymph node
dissection remains high, reaching 40% [3]. Additional
risk factors include radiation therapy, a high body mass
index, infectious complications (recurrent episodes
of erysipelas or cellulitis), and the extent of surgical
intervention [2].

The development of lymphedema leads to a
significant decrease in the patient's quality of life, limited
upper limb function, chronic pain, and an increased risk
of infectious complications, making this problem not
only medically but also socially significant [4].

A modern approach to treating lymphedema
involves a stepwise approach. In the early stages, the
leading method remains comprehensive physical anti-
edema therapy, including compression therapy, manual
lymphatic drainage, exercise therapy, and meticulous
skin care [5]. However, with the development of severe
fibrotic changes and destruction of lymphatic collectors,
the effectiveness of conservative therapy is significantly
reduced, necessitating the use of surgical correction
methods [6].

The development of microvascular surgery has
led to the introduction of physiological methods for
reconstructing lymphatic drainage—lymphatic venous
anastomoses (LVA) and vascularized lymph node
autotransplantation (VLNT). LVA is most effective in the
early stages of the disease when lymphatic vessels are
preserved, while VLNT is considered the preferred method
for severe anatomical and functional changes and the
development of fibrosis, providing both mechanical
restoration of lymphatic drainage and the potential
lymphangiogenic effect of transplanted nodes [7].

Thus, the search for optimal surgical tactics for
the treatment of secondary lymphedema after breast
cancer surgery remains a relevant task of modern
oncomammology and reconstructive surgery. This article
presents a clinical case of vascularized lymph node
autotransplantation and reviews the current literature
on this topic.

Technical Aspects and Mechanisms
of Effectiveness of Vascularized Lymph
Node Transplantation

Autotransplantation of vascularized lymph nodes is
a physiological microsurgical method for reconstructing
lymphatic drainage and is used in secondary
lymphedema, primarily in cases of severe anatomical
and functional changes in the lymphatic system.
This technique involves isolating a block of lymph
nodes with surrounding adipose tissue and feeding
arterial and venous vessels, forming a vascular pedicle,
followed by transferring the flap to the lymphedema
area and performing microsurgical arterial and venous
anastomoses [8].

The most commonly used donor sites are the inguinal
region, as well as the axillary, omental, submental,
lateral thoracic, supraclavicular, and cervical regions [9].
The choice of donor site is determined by anatomical
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features, the required tissue volume, and the risk of
developing donor lymphedema.

Considering that secondary lymphedema of the
upper limb most often develops after axillary lymph
node dissection combined with radiation therapy, a
pronounced fibrous scarring process often develops
in the recipient site. Preparation of the graft bed is a
fundamentally important stage of the surgery and
includes excision of fibrous tissue, decompression of
vascular and nerve structures, and creation of conditions
for neoangiogenesis and lymphangiogenesis. Removal
of scar tissue reduces mechanical compression and
eliminates the barrier to the formation of new lymphatic
collaterals [10].

Transplantation is performed by placing the
vascularized lymphatic complex into the prepared bed
and fixing it with soft tissue. Vascular anastomoses
of arteries and veins are performed microsurgically,
ensuring the restoration of blood flow and integration of
the graft into the lymphatic system of the limb [11].

The clinical effect of autotransplantation of
vascularized lymph nodes is achieved through several
complementary mechanisms.

The first theory, the so-called "lymphatic pump"
or pressure gradient concept, suggests that the
transplanted lymphatic complex functions as a zone of
reduced interstitial pressure. Active blood flow within
the graft creates conditions for passive lymphatic influx
from surrounding tissues, which ensures early reduction
of edema in the postoperative period [12].

The second theory involves the induction of
lymphangiogenesis. Experimental and clinical studies
have shown that transplanted lymph nodes are capable of
secreting vascular endothelial growth factor-C (VEGF-C),
which stimulates the proliferation of lymphatic endothelial
cells and the formation of new lymphatic collectors. Thus,
new lymphatic drainage pathways and lymphovenous
connections are formed in the long-term period [13].

The functional activity of the graft is confirmed
by instrumental methods. Lymphography using
indocyanine green (ICG) and lymphoscintigraphy
demonstrate a redistribution of lymphatic flow to the
graft area already in the early postoperative period,
followed by the formation of new lymphatic collaterals
and improved drainage function of the limb [12].

Thus, vascularized lymph node transplantation
representsapathogeneticallysubstantiated methodforthe
surgical correction of secondary lymphedema, combining
mechanical, angiogenic, and immunomodulatory effects.

Indications and Contraindications
for Vascularized Lymph Node
Transplantation

The choice of vascularized Iymph node
transplantation as a treatment for lymphedema is based

autotransplantation of lymph nodes using ICG lymphography

on the stage of the disease, the severity of structural
changes in the lymphatic system, and the results of
previous conservative therapy. This method is primarily
considered for patients with stage ll-lll lymphedema
according to the International Society of Lymphology
(ISL) classification, in whom conservative therapy has
failed to achieve a stable functional result [14].

The key selection criterion is the presence of
anatomical and functional failure of the lymphatic
collectors, confirmed by instrumental methods (ICG
lymphography, lymphoscintigraphy), with signs of
severe dermal reflux, segmental vascular obliteration, or
complete vascular destruction. In such cases, performing
lymphovenous anastomoses is technically difficult
or impractical, which justifies the choice of lymph
node transplantation as a pathogenetically targeted
reconstruction method.

The main indications for vascularized lymph node
transplantation include:

« ISL stage II-lll lymphedema with severe soft tissue

fibrosis;

« lack of clinically significant effect from adequate
conservative therapy;

- recurrent episodes of cellulitis (erysipelas);

- obliteration or a sharp decrease in the number of
functioning lymphatic vessels;

- severe pain, decreased limb function, and a
significant deterioration in quality of life.

An additional factor in favor of surgical treatment
may be disease progression despite adherence to a
compression regimen and rehabilitation measures.

Contraindications to vascularized lymph node
transplantation can be divided into absolute and relative.
This approach allows this intervention to be considered
not as a universal method, but as a component of a
personalized surgical strategy for the treatment of
secondary lymphedema.

Absolute contraindications include:

+ local recurrence of breast cancer or progression of

the oncological disease;

- the presence of distant metastases.

Relative contraindications include:

+ severe microcirculation disorders in the recipient
site (post-radiation vasculitis, critically reduced
perfusion);

- severe forms of neuropathy or neuritis of the
brachial plexus, limiting the possibility of full
postoperative rehabilitation;

- lack of suitable recipient vessels for the formation
of microsurgical anastomoses;

- severe somatic diseases that increase the risk of
microsurgical intervention.

Thus, indications for VLNT are determined based on a

comprehensive assessment of the stage of lymphedema,
instrumental imaging data, the effectiveness of
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conservative treatment, and the patient's oncological
status. Optimal patient selection is a key factor in
achieving a sustainable clinical outcome [15, 16].

Clinical Observation

A 49-year-old female patient presented to the
P.A. Herzen Moscow Oncology Research Institute - a
branch of the National Medical Research Center of
Radiology of the Ministry of Health of Russia with a
diagnosis of stage llIC right breast cancer, pT2N3aMO0,
luminal type A, status after combined treatment in
2023 (05.08.2023 - right radical mastectomy, 4 cycles
of neoadjuvant chemotherapy according to the DC
regimen from 28.08.2023 to 01.11.2023, external
beam radiotherapy from 21.11.2023 to 26.12.2023,
total focal dose 50 Gy).

From the medical history, it is known that after
completion of the combined treatment for the primary
disease, the patient began to notice increasing swelling
of the right upper limb. The patient did not wear a
compression sleeve, as a result of which the swelling
became persistent.

At the A.F. Tsyb Medical Radiological Research Center
- a branch of the National Medical Research Center
of Radiology of the Ministry of Health of Russia, on
15.02.2024 and 02.05.2024, lymphovenous bypasses of
the right upper limb were performed: at the level of the
forearm and the hand, respectively.

Despite surgical interventions, conservative therapy,
and wearing of compression garments, the desired effect
on swelling was not achieved. Furthermore, the patient
noted a significant decrease in quality of life due to the
absence of a breast.

The patient was referred to the PA. Herzen Moscow
Oncology Research Institute for further evaluation and
determination of treatment strategies for secondary
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Puc. 1. BHelwHuWi BUA NpaBoii BepxHe KOHEYHOCTU A0 Ha4yana
neyenus. iumdpepema lIA ctagumn no knaccudpukaumm ISL.
Fig.1.Clinicalappearance of therightupperlimb before treatment.
Stage IIA lymphedema according to the ISL classification.

Puc. 2. ICG-numborpadus npaBon BepxHen KOHEYHOCTU A0 Jieye-
HUS: BblpaXKeHHbIM AepMabHbii pednioKe, OTCYyTCTBUE JIMHEMHbIX
NMMbaTUYECKUX KONINIEKTOPOB B MPOKCUMabHbIX OTAENaX.

Fig. 2. ICG lymphography of the right upper limb before treatment:
pronounced dermal backflow and absence of linear lymphatic
collectors in the proximal segments.

Puc. 3. JlumdbocunHTUrpacdms npaBon BepxHei KOHEYHOCTU: TUM-
daTUYEeCKUit TpaHCNOPT 3amMeaNeH, PErMoHapHbie NoAMbILeYHble
y3Jibl He BU3yanu3upyloTcs.

Fig. 3. Lymphoscintigraphy of the right upper limb: lymphatic flow
is slowed, and regional axillary nodes are not visualized.
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lymphedema and the possibility of right breast
reconstruction.

On examination: the right upper extremity was
enlarged, primarily in the forearm and shoulder area,
with moderate fibrotic changes in the soft tissues and
decreased skin elasticity. The lymphedema corresponded
to stage IlA according to the ISL classification.

According to ICG lymphography data, pronounced
dermal reflux, the absence of formed linear lymphatic
collectors in the proximal parts of the limb and signs
of failure of previously performed lymphovenous
anastomoses were revealed.

Lymphoscintigraphy  confirmed a  significant
slowdown in lymphatic transport and lack of visualization
of regional axillary lymph nodes.

Puc. 5. KnMHuuyeckunin ocmoTp 4yepes 6 mec nocne fie4eHus: BUgHa
BOCCTaHOB/IEHHAss MOJIOYHasA Kenes3a, YMeHbleHue oGbema
KOHEYHOCTHU U CHUXKEeHUEe cCUMNTOMOB numdocTasa.

examination 6 months after treatment:
limb volume reduced, and

Fig. 5. Clinical
reconstructed breast visible,
lymphedema symptoms improved.

autotransplantation of lymph nodes using ICG lymphography

Puc. 4. KT-anrnorpadusa gns niaHupo-
BaHUA MUKPOXMPYPrUYECKON PEKOH-
CTPYKUMU: a — nepeaHss OplolHas
CTeHKa: BuaeH nepdopaHT rnyGoKown
HWXXHeanuracTpasbHON apTepuu ana
BblA€NE€HUS COCYAUCTON HOXKK; b —
rpyAHas KneTka CcO CTOPOHbl paHee
BbIMOJIHEHHOW MaCT3IKTOMMUU: COXpaH-
Hble BHYTPUIPyAHblEe COCYAbl, MPUrOA-
Hbl€ AJ151 PEKOHCTPYKLIMMU.

Fig. 4. CT angiography for micro-
surgical reconstruction planning: a -
anterior abdominal wall: perforator
of the deep inferior epigastric artery
visible for harvesting the vascular
pedicle; b — chest on the side of prior
mastectomy: preserved intrathoracic
vessels suitable for reconstruction.

CT angiography visualized a perforator of the deep
inferior epigastric artery on the anterior abdominal
wall, necessary for isolating the vascular pedicle, as
well as preserved intrathoracic vessels on the side of
the previously performed mastectomy, which made it
possible to plan microsurgical reconstruction.

Given the severe anatomical and functional
impairment of lymphatic drainage, the lack of response
to lymphovenous bypass, and the patient's desire to
restore the lost breast, a decision was made to perform
delayed reconstruction of the right breast using a free
DIEP flap combined with vascularized inguinal lymph
node transplantation.

During the surgery, after excision of scar-fibrous
tissue in the axillary region, an adequate recipient bed

Puc. 6. ICG-numdporpadusa nocne peKOHCTPYKUUU: HaKoMaeHue
KOHTpacTa B 30He TpaHCnaaHTaTa.

Fig. 6. ICG Ilymphography after reconstruction: contrast

accumulation in the transplant area.

34

BIOMEDICAL PHOTONICS T.15, N2 1/2026



Troshenkov E.A., Polyak M.A., Shakhbanova K.A., Kaprin A.D., Filonenko E.V., Kutsuradis A.F., Mantaridis D.
Secondary lymphedema as a complication of surgical treatment for breast cancer:

autotransplantation of lymph nodes using ICG lymphography

was created. A DIEP flap was harvested, incorporating
superficial inguinal lymph nodes on a vascular
pedicle. End-to-end microvascular anastomoses were
formed with the thoraco-dorsal vessels. The lymphatic
component was placed orthotopically in the axillary area.
No intraoperative or early postoperative complications
were noted.

Six months after surgery, the patient noted a
decrease in the feeling of heaviness and tension in
the limb, decreased tissue density, and a reduced
dependence on constant compression therapy. Follow-
up ICG lymphography showed a reduction in the severity
of dermal reflux and the appearance of linear areas of
lymphatic transport with contrast accumulation in the
transplant area. Clinically, a 2-3 cm reduction in limb
circumference at the forearm level was recorded. No
episodes of erysipelas were observed postoperatively.

Conclusion

Vascularized lymph node autotransplantation is a
modern and highly effective microsurgical method for
treating lymphedema, especially at stages characterized
by destruction of lymphatic drainage and decreased
effectiveness of conservative therapy. This method
ensures sustainable limb volume reduction, restoration
of lymphatic drainage, a reduction in the incidence
of inflammatory complications, and a significant
improvement in patients' quality of life. Optimization of
donor site selection, the use of imaging techniques, and
microsurgical techniques minimize risks and improve
the effectiveness of the procedure. VLNT represents
a promising tool for a comprehensive approach
to lymphedema treatment, particularly in patients
following comprehensive breast cancer treatment,
where lymphatic system changes are most pronounced.
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