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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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ARM-ICG IN THE PREVENTION OF LYMPHEDEMA AFTER SURGICAL TREATMENT 
OF BREAST CANCER
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Department of Oncology, Reconstructive Surgery, Radiology and Radiation Medicine, Odesa National Medical University, Odesa, Ukraine.

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 lymph 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 

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 
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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 χ² test, and correlations were analyzed by Spearman’s 
method. Differences were considered statistically significant at p < 
0.05.

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 II (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.
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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 I 
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 III — 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 Grade I Grade II Grade III Total (%)

Control I 53 4 (7.5%) 1 (1.9%) — 5 (9.4%)
Control II 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 

perfusion and eliminating postoperative dead space.
The highest lymphedema incidence was observed in Group II, 

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–
III. 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–II, 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.

The detection of cases of anatomical crossing of the 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 
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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%; χ² = 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%; χ² = 13.18; p < 0.001; Fisher's p = 0.0002). 
After Bonferroni correction (α = 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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