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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Objective: To evaluate the effectiveness of Axillary Reverse Mapping
(ARM) using indocyanine green (ICG) during axillary lymph node
dissection (ALND) in breast cancer (BC) patients, aimed at preventing
postoperative upper limb lymphedema.

Materials and Methods: A prospective study included 128 female
patients with invasive breast cancer who underwent surgical treatment
at the University Hospital of Odesa National Medical University.
The control groups underwent sentinel lymph node biopsy (SLNB)
or standard ALND, whereas the study group underwent ARM-ICG
with intraoperative visualization of upper limb lymphatic pathways.
Lymphedema was assessed at 1, 3, 6, and 12 months postoperatively.

Results: ARM-ICG provided clear visualization of lymphatic
collectors in 94% of cases and reduced the rate of postoperative
lymphedema to 5%, which was significantly lower than after
conventional ALND (42.9%, p < 0.001). In the SLNB-only group,
lymphedema occurred in 9.4% of patients. The use of ARM-ICG did
not compromise oncologic radicality or increase the risk of residual
disease.

Conclusions: The application of ARM-ICG in surgical management
of breast cancer effectively decreases the risk of postoperative
lymphedema by preserving upper extremity lymphatic drainage
without loss of oncologic control. The technique demonstrates high
clinical relevance and may be recommended for routine inclusion in
the comprehensive treatment of breast cancer patients.

Key words. Breast cancer, ARM-ICG, axillary reverse mapping,
lymphedema, axillary lymph node dissection, sentinel lymph node
biopsy, prevention of postoperative complications.

Introduction.

Breast cancer remains the most common oncological disease
among women in Ukraine. Each year, approximately 14—18 thousand
new cases are diagnosed nationwide, although the COVID-19
pandemic and wartime disruptions have significantly affected
reporting accuracy of new diagnoses [1]. It should be noted that the
majority of early-stage cases (about 60-70%) are not accompanied
by metastasis to axillary lymph nodes, making such patients
potential candidates for sentinel Iymph node biopsy (SLNB) and
therefore suitable for preservation of arm lymphatic drainage [2,3].
Today, SLNB has become the standard approach for patients
with clinically node-negative disease [4,5]. This method allows
for omission of axillary lymph node dissection (ALND) in node-
negative cases and, in certain clinical contexts, even in patients
with one or two positive nodes when breast-conserving or radical
mastectomy is followed by adjuvant radiotherapy to the axilla.
The risk of lymphostasis with this strategy rarely exceeds 5% [6].
However, ALND remains essential for achieving local control in
patients with clinically node-positive disease or those with a high
tumor burden [7]. In such cases, radical axillary surgery minimizes the
risk of recurrence but leads to partial or complete disruption of upper
extremity lymphatic drainage in approximately 18—-30% of patients [8].
A major advancement in modern breast cancer management is the
introduction of neoadjuvant chemotherapy (NAC) [9,10]. NAC
can achieve complete pathological response in a considerable
proportion of patients, especially in HER2-positive and triple-negative
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subtypes [11,12]. This response allows for surgical de-escalation
and consequently reduces the risk of secondary lymphedema — one
of the most frequent and debilitating postoperative complications. A
promising preventive strategy is Axillary Reverse Mapping (ARM)
[13], which enables intraoperative identification and preservation
of lymphatic channels that drain the upper extremity during ALND,
without compromising oncologic radicality. ARM is particularly
beneficial in node-negative cases; in node-positive cases, traditional
ALND remains preferred because preservation of ARM-identified
collectors may carry a residual metastatic risk. Nevertheless, in
patients achieving nodal pathologic response after NAC, ARM
may combine oncologic safety with lymphedema prevention [13].
Therefore, the integration of neoadjuvant therapy, sentinel node biopsy,
and ARM techniques in breast cancer surgery may reduce postoperative
complications ~ without  compromising therapeutic  efficacy.
The aim of the study was to evaluate the possibility of preserving
upper limb lymphatic drainage when using axillary reverse mapping
with indocyanine green (ARM-ICG) in patients with breast cancer and
to compare the incidence of postoperative lymphedema with that in
patients who underwent sentinel lymph node biopsy (SLNB) and with
traditional axillary lymphadenectomy.

Materials and Methods.

Study Design and Patient Characteristics: A prospective single-
center study was conducted to evaluate the efficacy of indocyanine green
(ICG)-guided Axillary Reverse Mapping (ARM) for intraoperative
identification of upper limb lymphatic pathways aiming to prevent
postoperative lymphedema in patients undergoing mastectomy with
axillary lymph node dissection.

A total of 128 female patients with primary invasive breast cancer
were enrolled, all treated at the surgical department of the University
Clinic (Center for Reconstructive and Restorative Medicine) of Odesa
National Medical University. Patient ages ranged from 31 to 72 years
(mean age 52.4 + 8.1 years). Prior to therapy, all patients underwent
comprehensive clinical and diagnostic evaluation, including physical
examination, mammography or breast and axillary ultrasonography.
When lymph node involvement was suspected, ultrasound-guided
fine-needle aspiration biopsy (US-FNAB) was performed. Nodes
with cytologically confirmed metastases were preoperatively marked
prior to the initiation of neoadjuvant chemotherapy for selective
dissection at a later stage. Subjective symptoms (feelings of heaviness,
tension, discomfort in the upper limb) were assessed by a standardized
questionnaire during a follow-up visit 12 months after surgery.

Distribution by Molecular Subtypes:

Molecular Subtype % Number of Patients

Luminal A 38 49
Luminal B (HER2%) 14 18
Luminal B (HER2") 19 24
Non-luminal (HER2") 15 19
Triple-negative 14 18
Total 100 128

Clinical Group Classification: Based on the clinical status of axillary
lymph nodes and prior therapy, patients were divided into three groups:
Control Group I (57%, n = 53): patients with clinically negative



axillary lymph nodes who underwent sentinel lymph node biopsy
only, without neoadjuvant chemotherapy.

Control Group II (12%, n = 35): patients with N2-N3
lymphadenopathy who underwent full axillary lymph node
dissection after NAC without ARM, due to high residual metastatic
risk.

Study Group (31%, n = 40): patients with N1 disease who had
metastatic nodes pre-marked before NAC and subsequently
underwent selective axillary dissection with preservation of
identified lymphatic pathways, provided a complete pathological
response was achieved.

The study group was formed for the purpose of comparison with
control group 1, since both groups used limited axillary intervention,
which allowed to evaluate the effect of ARM-ICG on preservation of
lymphatic drainage of the upper limb without confounding related to
the extent of lymphoedema.

Control group 2 was considered as a reference group with an expected
high incidence of lymphedema after complete axillary lymphoedema.

ARM-ICG Technique: On the day of surgery, two consecutive
injections of indocyanine green (ICG) were administered under local
anesthesia:

1. Periareolar injection — into the tumor quadrant to visualize
lymphatic drainage of the breast and sentinel nodes (SLN).

2. Subcutaneous injection — into the middle section of the medial
upper arm to visualize lymphatic drainage of the upper extremity
(ARM).

Visualization was performed using a near-infrared (NIR) camera
system (excitation 750-810 nm, emission 830-840 nm) 5—-10 minutes
post-injection. ARM signal fluorescence persisted for 30—45 minutes,
providing an optimal operating window for dissection.

A light green or mixed fluorescent signal corresponded to breast
sentinel nodes, while a bright green signal indicated lymphatic
collectors of the upper extremity.

Surgical Technique: In the study group, all ARM nodes identified by
ICG were subjected to intraoperative visual and palpatory assessment.
In cases where the ARM node anatomically coincided with the
lymphatic collectors of the breast (crossover) or had macroscopic
signs of possible tumor lesion, a decision was made to remove it with
subsequent histological examination. In the absence of such signs, the
ARM nodes were preserved.

After developing the axillary space, intraoperative identification of
breast and upper-limb lymphatic pathways was performed under ICG
fluorescence guidance. Lymphatic collectors not intersecting with
breast drainage pathways were preserved. If a collector crossed or
passed through a metastatic node, it was resected to maintain oncologic
radicality.

- Patients without clinical lymph node involvement underwent SLNB
only.

Patients with N1 disease and complete pathological response after
NAC underwent selective axillary dissection with preservation of
limb lymphatic drainage.

In patients with residual nodal metastasis, full ALND was performed
without lymphatic preservation.

Lymphedema Assessment: Upper extremity circumference was
measured preoperatively and at 1, 3, 6, and 12 months after surgery.

Lymphedema was defined as a >2 cm circumference difference or
>10% volume increase compared with the contralateral arm. Subjective
symptoms, such as heaviness, tightness, and paresthesia, were also
recorded.

Statistical Analysis: Data analysis was performed using Statistica
13.3 and SPSS v.26. Categorical variables were compared using
Pearson’s y* test, and correlations were analyzed by Spearman’s
method. Differences were considered statistically significant at p <
0.05.
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Results.

Morphological Characteristics of Tumors: Among the 128
included patients, invasive ductal carcinoma accounted for 87% of
cases, invasive lobular carcinoma for 9%, and other histologic variants
(medullary, micropapillary, metaplastic carcinoma) for 4%. Most
tumors were grade Il (G2) — 68%, followed by G1 (14%) and G3
(18%).

Lymphovascular invasion was detected in 52% of cases and correlated
with the frequency of axillary lymph node metastasis (r = 0.46; p <
0.01).

The molecular profile was largely dominated by luminal subtypes
(71%), with Luminal A being the most prevalent (38%). Triple-negative
and non-luminal HER2-positive subtypes accounted for 14% and 15%,
respectively, both associated with more aggressive tumor behavior and
higher rates of regional metastases (N1-N3).

Visualization of Lymphatic Pathways Using ARM-ICG:
Intraoperative mapping with indocyanine green (ICG) provided
clear visualization of upper-extremity lymphatic collectors in 94% of
patients in the study group (n = 40).

The mean time to fluorescence visualization was 6.8 £ 1.9 minutes,
and the ARM signal remained stable for 30—45 minutes, offering an
optimal window for selective dissection.

ARM collectors were most frequently located medial to the
thoracodorsal nerve (73%) and lateral to the pectoral nerve (24%),
defining reproducible “safe zones” for lymphatic preservation during
ALND.

In 3% of cases, fluorescence could not be visualized due to anatomical
variation or technical error during the mapping procedure.

Frequency of Axillary Lymph Node Involvement:

In Control Group I (SLNB only, without NAC), metastatic
involvement was found in 3 patients (5.6%), who consequently
underwent targeted node excision and received systemic chemotherapy.

In Control Group II, all 35 patients received several cycles of
neoadjuvant polychemotherapy. Eleven patients (31%) showed minimal
or no response to treatment, while 24 patients (69%) demonstrated
partial regression; complete clinical response was not achieved in this
group. All subsequently underwent full ALND followed by systemic
therapy continuation.

In the Study Group, after NAC completion, complete clinical
response in the axilla was documented in 37 patients (92.5%). These
patients underwent ARM-ICG-assisted selective axillary dissection to
identify and preserve lymphatic pathways draining the upper extremity.

In the study group (n = 40), ARM-ICG allowed the identification of
lymphatic collectors of the upper limb in 100% of cases. In 2 (5.0%)
patients, an anatomical crossover of the lymphatic pathways of the
upper limb and the breast was detected. In these cases, the ARM nodes
were resected for oncological reasons. According to the results of the
final histological examination, no metastatic lesion was detected in the
resected ARM nodes. In the remaining 38 (95.0%) patients, the ARM
nodes were preserved, and no signs of tumor lesion were recorded.

In the study group, standard axillary lymphadenectomy within levels
I-II was performed after neoadjuvant chemotherapy in accordance
with current oncosurgical recommendations.

A special feature of the intervention was the use of axillary reverse
mapping technology using indocyanine green (ARM-ICG), which
allowed intraoperative identification of the lymphatic collectors of
the upper limb and, in the absence of their involvement in the tumor
process, to preserve them. No purposeful reduction in the volume of
dissection or exclusion of anatomical zones of the axillary area was
performed. The average number of removed axillary lymph nodes in
the study group did not differ statistically significantly from the control
group II (p > 0.05), which indicates a comparable volume of surgical
intervention.



Within the 12-month observation period, no locoregional recurrences
or distant metastases were recorded in any of the groups; at the same
time, the duration of observation does not allow drawing definitive
conclusions about the long-term oncological safety of the applied
technique.

Frequency and degree of postoperative lymphedema:

The assessment of the presence and degree of postoperative
lymphedema was performed 12 months after surgery. The incidence
of this complication differed significantly between clinical groups
(p < 0.01), indicating the influence of both the volume of axillary
intervention and the surgical tactics used.

In control group I (n = 53), where only sentinel lymph node
biopsy was performed without neoadjuvant therapy, lymphedema was
registered in 5 (9.4%) patients. In most cases, it corresponded to grade |
severity - 4 (7.5%), while grade II was noted in only one patient (1.9%).

In control group II (n = 35), after neoadjuvant chemotherapy, a
partial clinical effect was observed in 70% of patients, while in 30%
there was no response to treatment, which necessitated the performance
of a complete axillary lymphadenectomy. In this group, the frequency
of lymphedema was the highest and amounted to 15 (42.9%) cases,
with a predominance of grade II severity — 11 (31.4%). Grade I was
recorded in 3 (8.6%) patients, grade IIIl — in one (2.9%).

In the study group (n = 40), where after neoadjuvant therapy in
92% of patients a complete clinical and morphological response was
achieved, the use of ARM-ICG allowed intraoperative identification
and preservation of the main lymphatic pathways of the upper limb.
Lymphedema was detected in only 2 (5.0%) patients, and in both
cases it corresponded to grade I severity and was not accompanied by
pronounced functional disorders.

Group n Gradel Gradell Grade III | Total (%)
ControlI 53 4(7.5%) 1(1.9%) — 5(9.4%)
Control I |35 3 (8.6%) 11(31.4%) 1(2.9%) 15 (42.9%)
Study 40 2(5%) |— — 2 (5%)

Subjective symptoms characteristic of lymphedema were significantly
more frequently recorded in patients of control group II. A feeling
of heaviness or tension in the upper limb was noted by 13 (37.1%)
patients of this group, which correlated with the presence of objectively
confirmed edema. In control group I, such complaints were recorded
in 4 (7.5%) patients, while in the study group - only in 2 (5.0%)
cases, which corresponded to minimal changes in limb circumference.
Thus, subjective symptoms were consistent with the data of objective
measurements and reflected the real functional impact of lymphedema.

Comparative analysis showed that the incidence of postoperative
lymphedema in the ARM-ICG group was statistically significantly
lower compared to control group II (5.0% vs. 42.9%; p <0.01). At the
same time, when compared with control group I, where sentinel lymph
node biopsy was used, no significant differences were found (5.0% vs.
9.4%; p > 0.05).

Thus, the use of ARM-ICG is associated with a low incidence of
postoperative lymphedema, comparable to rates after limited axillary
interventions and significantly lower than after traditional axillary
lymphadenectomy, which confirms the feasibility of using this
technology in selected categories of patients.

Postoperative Complications: The most frequent early postoperative
complications were seroma formation and mild lymphedema,
correlated with the extent of surgical dissection and reconstructive
technique used.

In Group I, seroma occurred in 8 patients (26.7%); in Group II — in
11 (36.7%); and in the ARM-ICG group (with reconstructive flap use)
— only in 3 (10%).

These results indicate that use of reconstructive flap techniques
significantly reduces seroma formation by improving local tissue
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perfusion and eliminating postoperative dead space.

The highest lymphedema incidence was observed in Group I,
where treatment included both ALND and radiotherapy. Conversely,
incorporation of ARM-ICG and reconstructive surgery notably
decreased both incidence and severity of this complication.

Overall, the highest complication rate occurred among patients
who underwent standard ALND following systemic therapy. The
combination of ARM-ICG and reconstructive techniques significantly
improved postoperative outcomes by lowering both seroma and
lymphedema rates.

Discussion.

Lymphedema of the upper limb remains one of the most common and
clinically significant complications of surgical treatment of breast cancer.
Its development is due not only to the mechanical removal of regional
lymphatic collectors, but also to a complex of pathophysiological
changes, including cicatricial-fibrotic transformation of tissues in the
intervention area, damage to small lymphatic vessels, compression of
preserved lymphatic pathways, and impaired microcirculation. The
combined effect of these factors leads to progressive impairment of
lymphatic outflow and the formation of chronic edema [2,3,7].

The results of the study indicate that the frequency and degree of
postoperative lymphedema are determined primarily by the volume of
axillary surgical intervention and the degree of damage to lymphatic
structures. Thus, in control group II, where a significant part of
the patients underwent complete axillary lymphadenectomy after
neoadjuvant chemotherapy, lymphedema was recorded in 42.9% of
cases with a predominance of clinically significant forms of grade II—-
II1. In contrast, in control group I, where the scope of intervention was
limited to sentinel lymph node biopsy, the frequency of lymphedema
was significantly lower (9.4%) and was characterized by only mild
manifestations.

In the study group, the use of ARM-ICG was associated with the
lowest frequency of postoperative lymphedema — 5%, and in all cases,
it corresponded to grade I severity. It is important to emphasize that
these indicators were comparable to the results after sentinel lymph
node biopsy and significantly better than after traditional axillary
lymphadenectomy. This demonstrates the potential of ARM-ICG as a
tool for preserving lymphatic pathways in selected patient categories,
especially in conditions of limited axillary intervention.

Special clinical attention is deserved by observations in patients in
whom zones of anatomical “crossing” of lymphatic collectors of the
upper limb and breast were detected during ARM-ICG. It was among
this subgroup that both cases of lymphedema were registered, which
emphasizes the anatomical vulnerability of the areas of intersection
of lymphatic pathways and the critical role of their intraoperative
visualization. At the same time, even in these patients, clinical
manifestations of edema were minimal, which may be associated
with partial preservation of peripheral lymphatic vessels, formation
of collateral drainage and less traumatic nature of the ARM technique
compared to classical lymphodissection.

It is important to emphasize that the decrease in the incidence
of postoperative lymphedema in the ARM-ICG group was not a
consequence of a decrease in the volume of axillary dissection.
Interventions were performed within the standard anatomical limits of
levels I-11, similarly to the control group II. The difference was solely
in the possibility of intraoperative identification and preservation of
the lymphatic collectors of the upper limb, which probably caused the
preventive effect on the development of lymphedema.

Thedetection ofcases ofanatomical crossing ofthe lymphatic collectors
of the upper limb and the breast is of fundamental clinical importance. It
was in these two patients, where the ARM nodes were resected through
the crossover, that lymphedema developed in the postoperative period.
This confirms that it is not the fact of using ARM itself, but the



impossibility of preserving the lymphatic pathways of the limb in
conditions of anatomical overlap that limits the preventive potential
of the technique. At the same time, even in such cases, lymphedema
was only minimal, which indicates partial preservation of lymphatic
drainage.

The results obtained should be interpreted taking into account
the limited duration of observation. The absence of locoregional
recurrences in the short term may indicate the preservation of surgical
radicality of the intervention, but does not provide a basis for definitive
conclusions about the oncological safety of ARM-ICG in the long term.

It cannot be completely ruled out that the lower incidence of
lymphedema in the study group is partly due to the lower tumor
burden after neoadjuvant therapy and, accordingly, the potentially
less traumatic course of axillary dissection. At the same time, even
under these conditions, the use of ARM-ICG allowed visualization
and preservation of the lymphatic collectors of the upper limb, which,
in our opinion, played an independent role in reducing the risk of
lymphedema.

Statistical Analysis and Comparative Outcomes: Intergroup
comparison of lymphedema rates was performed using Pearson’s chi-
square and Fisher’s exact tests.

Pairwise comparison of lymphedema incidence between the
experimental group and control group 1 revealed no statistically
significant differences (5.0% vs. 9.4%; x> = 0.16; p = 0.68; Fisher's
exact test p = 0.70). At the same time, the incidence of lymphedema in
control group 2 was significantly higher compared to the experimental
group (42.9% vs. 5.0%; ¥* = 13.18; p < 0.001; Fisher's p = 0.0002).
After Bonferroni correction (o = 0.025), the difference remained
statistically significant.

These results demonstrate that ARM-ICG substantially reduces
postoperative lymphedema risk compared with conventional ALND,
reaching rates similar to those of SLNB alone. This supports the high
preventive value and oncologic safety of the ARM-ICG technique in
surgical breast cancer management.

Conclusion.

1. The incidence and severity of postoperative upper-limb lymphedema
directly depend on the extent of surgery and the degree of anatomical
disruption of lymphatic collectors.

2. Among patients who underwent sentinel lymph node biopsy (SLNB)
only, lymphedema occurred in 9.4% of cases and was limited to
mild grades of severity.

3. Complete axillary lymph node dissection (ALND) significantly
increased lymphedema incidence (42.9%), predominantly grade
II, underscoring the clinical importance of surgical extent and
postoperative scarring in the axilla.

4. The use of ARM-ICG allows for preservation of upper-limb
lymphatic pathways, reducing lymphedema incidence to 5%, with
only mild manifestations even when partial crossing of breast and
arm lymphatic collectors occurred.

5. Statistical analysis confirmed a significant reduction in postoperative
lymphedema risk using ARM-ICG compared with traditional ALND
(p < 0.001), demonstrating the high preventive efficacy of this
technique in maintaining lymphatic drainage without compromising
oncologic radicality.
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