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Rezumat

Cartografierea axilard retrogradd cu verde de indocianind concomitent
cu identificarea si biopsia de ganglion santineli la paciente
cu neoplasm mamar, cu sau fard tratament sistemic neoadjuvant

Introducere: tehnica de cartografiere axilara retrograda a fost
dezvoltata pentru a incerca prezervarea drenajului limfatic al
membrului superior cu scopul de a scadea riscul de aparitie a
limfedemului bratului dupa chirurgia axilara in cancerul mamar.
Material si Metode: acest studiu prospectiv a inclus 57 de paciente
cu cancer mamar la care s-a efectuat biopsie de ganglion santinela
si cartografiere axilara retrograda. Ganglionul santinela a fost
identificat cu ajutorul unui trasor radioactiv. Ganglionii care
colecteaza limfa de la nivelul bratului au fost identificati cu verde
de indocianind, printr-un sistem optic care utilizeaza lumina in
domeniul infrarogu apropiat. Toti ganglionii santinela au fost
examinati histopatologic intraoperator. Daca ganglionii santinela
au fost invadati, a fost luata in considerare continuarea disectiei
axilare. Ganglionii cu fluorescenta au fost prezervati daci nu au
avut si semnal radioactiv semnificativ.

Rezultate: ganglioni fluorescenti au fost identificati la 53 de
paciente (92.94%). Ganglioni santinela cu fluorescentd au fost
observati la 19 paciente, 5 netratate si 14 tratate neoadjuvant si
rata de suprapunere a fost de 33.33%. Pacientele cu tratament
neoadjuvant au avut o probabilitate mai mare de a avea ganglioni
santinela cu fluorescenta (p = 0.015) comparativ cu cele operate de
prima intentie. Dintre cele 20 de paciente cu ganglioni santinela
invadati, 13 au avut suprapunere, 5 fara tratament preoperator si
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8 tratate neoadjuvant. Dintre pacientele cu suprapunere g1 ganglioni santinela fluorescenti pozitivi,
7 paciente, toate tratate neoadjuvant, au avut ganglioni fluorescenti printre ganglionii excizati
suplimentar.

Concluzie: cartografierea axilara retrograda la pacientii cu cancer mamar cu indicatie de biopsie de
ganglioni santinela permite efectuarea unei chirurgii axilare supraselective cu scopul de a reduce
morbiditatea. La pacientii operati de prima intentie, in toate cazurile de suprapunere, ganglionii
santinela cu fluorescenta au prezentat metastaza carcinomatoasa si niciun alt ganglion fluorescent
nu a fost invadat. Ratele de suprapunere au fost mai mari la pacientele care au efectuat tratament
sistemic neoadjuvant.

Cuvinte cheie: cartografiere axilara retrograda, verde de indocianind, biopsie de ganglion santinela,
tratament sistemic neoadjuvant

Abstract

Background: the axillary reverse mapping (ARM) procedure aims to preserve the lymphatic
drainage structures of the upper extremity during axillary surgery for breast cancer, thereby
reducing the risk of lymphedema in the upper limb.

Material and Methods: this prospective study included 57 patients with breast cancer who
underwent SLNB and ARM. The sentinel lymph node (SLN) was identified using a radioactive
tracer. The ARM nodes were identified using indocyanine green with a near-infrared imaging
system. All SLNs were examined intraoperatively. If the SLN was metastatic, further surgery was
considered. The identified ARM nodes were preserved unless they coincided with the SLN.
Results: ARM nodes were visualized in 53 patients (92.94%). Crossover between SLN and ARM
nodes was observed in 19 patients, 5 untreated and 14 who received neoadjuvant systemic
treatment (NST), resulting in an overall crossover rate of 33.33%. Patients who received NST
were more likely to show SLN-ARM crossover (p = 0.015) compared to those who underwent
upfront surgery. Of the 20 patients with positive SLNs, 13 had crossover, 5 untreated and 8
received NST. In patients with positive SLN-ARM nodes, additional invaded ARM nodes were
identified 7 patients, all of whom received NST.

Conclusions: using ARM in patients undergoing SLNB allows a supraselective approach to
axillary surgery, aiming to reduce morbidity. In cases where patients underwent upfront surgery
all SLN-ARM nodes were found to be metastatic and none of the other fluorescent nodes that were
removed showed signs of invasion. The crossover rates are higher in patients with neoadjuvant
treatment.

Key words: axillary reverse mapping, indocyanine green, sentinel lymph node biopsy, neo-
adjuvant systemic treatment

Introduction

Axillary surgery for breast cancer has
evolved from radical procedures to more
selective approaches. Axillary lymph node
dissection (ALND) was once a mandatory
part of radical mastectomy, aimed at achieving

regional control of the disease and improving
survival rates (1). Over time, its role shifted
from being primarily therapeutic to serving
mainly as a staging procedure, as the status
of axillary lymph nodes is the most important
independent prognostic and predictive factor
for breast cancer patients (2). However, ALND
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1s associated with significant morbidity,
particularly arm lymphedema, which can
occur at rates ranging from 6% to 49% (3).

To address these issues, sentinel lymph
node biopsy (SLNB) was developed to evaluate
the status of axillary lymph nodes, thereby
avoiding unnecessary ALND and minimizing
complications that can arise from ALND (4,5).

The sentinel lymph node (SLN) is the first
lymph node or group of nodes that receive lym-
phatic drainage from the tumor. Therefore,
the SLN is the first that could potentially
contain metastatic tumor cells. The status of
the SLN can accurately reflect the status of all
nodes in the regional basin (6,7).

SLNB has become the standard method for
staging the axilla in node-negative patients
with breast cancer (8). SLNB is also considered
safe for patients who are clinically node-
negative at the time of surgery following neo-
adjuvant systemic treatment (NST), even if
they had previously confirmed node-positive
disease before treatment (9,10).

There are various techniques for detecting
SLNs, including 99mTec radiotracer, blue dye,
superparamagnetic iron oxide tracer and more
recently, indocyanine green (ICG). The dual
technique using both a radiotracer and ICG is
a safer alternative to the method that employs
a radiotracer and blue dye. It demonstrates
high identification rates and may ultimately
become the gold standard method (11).
Following NST, it is recommended to use a
dual technique for mapping and to remove at
least three lymph nodes to reduce false nega-
tive rates (12).

However, there is a 2-7% risk of developing
lymphedema in patients who undergo only
SLNB. Removing more than five lymph
nodes can result in a higher incidence of
lymphedema in the ipsilateral arm (13).
Additional risk factors include a high body
mass index (BMI), undergoing mastectomy,
postoperative infections, lacking regular
physical activity, vigorous, repetitive or
excessive upper body exercise and radiation
therapy or chemotherapy (14,15).

Several methods to reduce lymphedema
after ALND and/or SLNB have been developed.

One such procedure is axillary reverse
mapping (ARM), which has been evaluated in
various research studies (16-20). This method
is based on the hypothesis that the lymphatic
pathways of the arm and breast are separate,
suggesting that the lymph nodes draining the
arm are not involved in breast cancer. And so,
by identifying and preserving the lymphatic
pathway that drains the arm, the risk of
developing lymphedema can be reduced (16,
20). However, it is important to note that
anatomical interconnections exist between the
lymph nodes that drain the upper extremity
and those that drain the breast (21,22).

The current study aimed to determine the
identification rates for SLNs and ARM nodes.
It also sought to assess the overlap rates
between SLNs and ARM nodes. Additionally,
the study aimed to evaluate the metastatic
involvement of ARM nodes in clinically node-
negative patients, both with and without
neoadjuvant systemic treatment. The ulti-
mate goal was to establish when these nodes
can be preserved to achieve a supraselective
surgery with a low morbidity rate.

Material and Methods
Patients

This observational, prospective research was
conducted by a single surgical team and
included patients diagnosed with breast
cancer who underwent surgery between
February 15 and October 15, 2024.

The inclusion criteria comprised women
aged 18 years and older, confirmed to have
breast cancer, and scheduled for breast
surgery with SLNB. Patients who had known
contraindications to ICG were excluded.

Patients who met the inclusion criteria
underwent an ARM procedure using ICG.
Ethics approval was obtained for this study
and all participants provided their written
informed consent.

Surgical Technique

Sentinel lymph node biopsy with a radioactive
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tracer and axillary reverse mapping with
indocyanine green were performed simultane-
ously on all patients.

All patients received a periareolar or peri-
tumoral injection of 5-200 MBq of sodium
pertechnetate (99mTc) labeled nanocolloidal
human serum albumin (Nanoscan®, RADIO-
PHARMACY Laboratory Ltd, Hungary) on
the day before or in the morning of the
surgery. Afterward, all patients underwent
preoperative lymphoscintigraphy for sentinel
lymph node identification.

All patients received an intradermal injec-
tion of 3 mL (25 mg/10 mL) of indocyanine
green solution (Verdye®”, Diagnostic Green,
Germany) in the upper and inner region of the
ipsilateral arm. The injection was adminis-
tered using a 5 mL syringe with a 25-gauge
needle. This procedure took place on the
operating table after anesthesia and just prior
to the breast surgery (Fig. 1). Following
the injection, local massage was applied for 5
minutes. The fluorescence signal was detected
as it flowed from the upper extremity to the
axilla using a near-infrared (NIR) imaging

system IMAGE1 S™ Rubina®, KARL STORZ,
Germany) (Fig. 2). The axillary incision was
performed 10 to 20 minutes after the injection.
A continuous assessment of the surgical field
was performed with the NIR camera through-
out the surgical exploration. The axillary
lymph nodes and lymphatics that received
indocyanine green appeared as fluorescent
spots and streams (Fig. 3). The fluorescent
lymph nodes are referred to as ARM nodes.

Sentinel lymph node identification was
conducted using a gamma-detecting probe
(Europrobe 3.2°, Eurorad, France). Nodes that
emitted radioactive signals were classified as
"hot" (Fig. 4). The sentinel lymph node (SLN)
was identified as the node with the highest
radioactivity counts, while supplementary
sentinel lymph nodes were defined as any
node that exhibited at least 10% of the highest
radioactivity counts. In some cases, non-
sentinel lymph nodes (NSLNs) were also
excised, including biopsied and clipped nodes
before neoadjuvant treatment and macroscopic
suspicious lymph nodes.

The removed SLNs were sent for intra-

Figure 1. Intraoperative aspect
during ARM — injection -
site of the ICG solution (A) |
and local massage (B)

Figure 2. Intraoperative aspect

during ARM — migration

of ICG to the axilla in overlay
mode (A) and mono-
chromatic mode (B)
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Figure 3. Intraoperative aspect during
ARM - lymphatic vessel (A)
and lymph node (B)

Figure 4.  Intraoperative aspect during

ARM: sentinel lymph node
identification with gamma
probe (A), sentinel lymph
node identification with
gamma probe and ARM
node identification with NIR F
imaging system in overlay
mode (B)

operative histopathological examination.
When SLNs were negative, the identified
ARM nodes were preserved unless they were
the same as the SLN or exhibited macroscopic
suspicion. When SLNs were positive, additional
surgery was considered This decision took into
account the neoadjuvant systemic treatment,
the number of removed lymph nodes, the
tumoral burden and the presence of macros-
copic modified lymph nodes in the axilla.
Further surgery performed ranged from
additional biopsy to ALND.

The axillary lymph node dissection's
superior, medial, and lateral boundaries were
defined by the axillary vein, the chest wall,
and the anterior edge of the latissimus dorsi
muscle, respectively. Fluorescent nodes (ARM
nodes) located in this area were also removed
and sent separately for pathological evaluation
when ALND was performed. The ARM nodes
outside this area were preserved.

The number of nodes removed from each
patient - categorized as fluorescent, hot, both,
or neither - was documented. This data
enabled the calculation of overlap rates

between SLNs and ARM nodes and the

invasion rates for all excised ARM nodes.

All the removed lymph nodes were submitted
for formalin-fixed, paraffin-embedded (FFPE)
histopathology and immunohistochemistry
(IHC) analysis.

Histopathology Assessment

During surgery, each sentinel lymph node was
sliced into 5-um-thick frozen sections (at 3 to 6
levels) The frozen sections were examined
histologically immediately after hematoxylin
and eosin (H&E) staining.

The remaining tissue samples from the
SLNs and the tissue samples containing the
other removed lymph nodes were fixed in
10% formalin and cut into 4 pm-thick serial
sections at 250 pm intervals. Serial sections
were stained with H&E and histopathologically
examined. Then, the sections were stained
with a murine monoclonal anti-cytokeratin
antibody for THC analysis. This analysis
confirmed metastatic node involvement and
identified additional positive nodes. In

654

www.revistachirurgia.ro

Chirurgia, 119 (6), 2024



ARM Using ICG and Concurrent Sentinel Lymph Node Biopsy in Breast Cancer Patients with or without Neoadjuvant Systemic Treatment

positive nodes, the expression of ER, PR,
HER2 and Ki-67 were also studied by THC.

The pathology report included the number
of lymph nodes examined, as well as how
many were not involved or containing isolated
tumor cells (<0.2 mm in size), micrometastasis
(0.2-2 mm in size), or macrometastasis (>2
mm in size). Lymph nodes that contained
micrometastases or macrometastases were
classified as positive (pN1 or pN1mi) and the
IHC profile was also mentioned. In contrast,
nodes that contained isolated tumor cells were
considered negative [pNOG+)].

Outcomes

Primary outcomes were the identification rate
for SLNs and fluorescent nodes, the number
of SLNs, the rate of SLN-ARM crossover,
fluorescent nodes and additional lymph nodes
removed and the number of metastatic SLNs,
ARM nodes and additional lymph nodes
removed. The outcomes were reported for the
entire patient sample, with analysis also con-
sidering the two groups (patients with and
without neoadjuvant systemic treatment) to
assess the impact of neoadjuvant therapy.

Group Definition

Two groups were defined for the analysis of
SLN-ARM node crossover and metastasis
rates: the upfront surgery group and the
neoadjuvant systemic treatment group. The
upfront surgery group consisted of patients
with a multidisciplinary committee indication
for surgical intervention as the primary
method of treatment, while the NST group
included patients with an indication for
neoadjuvant systemic treatment followed by
surgery.

Statistical Analysis

Continuous variables were presented as
median and mean values, along with their
standard deviation (SD), while dichotomous
and categorical data were expressed as
frequencies with corresponding percentages.

The t-test was utilized to compare the means
of continuous variables between the two
groups. For categorical variables, the Chi-
squared test was employed to compare the
proportions between the two groups. Results
with a p-value of < .05 were deemed statisti-
cally significant. Statistical analysis was
conducted using IBM SPSS Statistics, version
29.0.2.0.

Results

This study included 57 patients, ages 35 to 76,
with a median of 49 (mean age 51.81 + 1.349).
Four were classified as underweight, 28 had
normal weight, 13 were overweight, 7 had
class 1 obesity, 4 had class 2 obesity, and 1 had
class 3 obesity. Of them, 33 patients were post-
menopausal, while 24 were pre-menopausal.

The diagnosis of breast cancer was estab-
lished by histopathological and IHC examina-
tion. In most cases, the diagnosis was made
through a core-needle biopsy of the tumor,
accounting for 44 cases (77.2%). Six cases
(10.5%) were diagnosed by core-needle biopsies
of both the breast tumor and axillary adeno-
pathy, three cases (5.3%%) by biopsies of two
different breast tumors, and two cases (3.5%)
by biopsies of three breast tumors. Only one
patient (1.8%) had occult breast cancer, with
the diagnosis confirmed through a core-needle
biopsy of the axillary adenopathy. In one
instance (1.8%), the diagnosis was established
by prior excisional biopsy of the tumor.

The tumor sizes were categorized as
follows: T1 in 13 patients (22.9%), T2 in 34
patients (59.5%) and T3 in 10 patients
(17.6%). Twenty-nine (17.5%) patients were
luminal B, 15 (26.3%) luminal A, 10 (17.5%)
human epidermal growth factor receptor 2
(HER2) positive and 3 (4.8%) triple-negative.
The TNM staging and IHC profiles are
described in Table 1.

Twenty-eight patients had an indication
from the multidisciplinary committee for
upfront surgery.

The other 29 received neoadjuvant systemic
treatment, because of the locally advanced
stage or because of the aggressive tumor
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Table 1. TNM staging and Characteristic Upfront surgery group (N = 28) NST group (N = 29)
immunohistochemistry-  Tumor size, N (%)
type characteristics in T 11 (19.29%) 2 (3.5%)
the groups T2 15 (26.31%) 19 (33.33%)
T3 2 (3.50%) 8 (14.03%)
Lymph node status, N (%)
NO 28 (49.12%) 14 (24.56%)
N1 0 15 (26.31%)
TNM stage, N (%)
IA 11 (19.29%) 2 (3.5%)
IIA 15 (26.31%) 13 (22.8%)
IIB 2 (3.50%) 8 (14.03%)
1A 0 6 (10.52%)
IHC type, N (%)
Luminal A 13 (22.8%) 2 (3.5%)
Luminal B 11 (19.29%) 18 (31.57%)
HER2 positive 3 (5.26%) 7 (12.28%)
Triple negative 1 (1.75%) 2 (3.50%)

NST: neoadjuvant systemic treatment,; HER2: human epidermal growth factor receptor 2

profiles. Of those, 18 patients had their
tumors marked with a radiopaque clip before
NST and twelve achieved a complete clinical
and imaging response of the breast tumor.

A total of 15 patients were clinically node-
positive at the time of the diagnosis. Among
these, 11 underwent core-needle biopsy,
which confirmed in 8 cases the lymph node
metastasis. Four of them had the confirmed
lymph node marked with a radiopaque clip.
All clinically node-positive patients had a
complete clinical and imagistic response of the
axilla and were eligible for SLNB.

Twenty-seven patients (47.4%) underwent
breast-conserving surgery (BCS), with one
patient treated using the oncoplastic round
block technique.

The other 30 patients (52.6%) underwent
mastectomy, with or without immediate
breast reconstruction. These included 12
nipple-sparing mastectomies (NSM) and four
skin-sparing mastectomies (SSM). Immediate
breast reconstruction was performed in 16
patients, accounting for 53.33% of those who
had a mastectomy. Among them, 11 patients
had direct-to-implant (DTI) procedures, with
nine implants placed prepectoral. One implant
was positioned partially retropectoral and
partially covered by a deepithelialized dermal
flap, while another was partially retropectoral
and covered by Sergyn mesh Additionally,

five patients underwent a two-stage recon-
struction (3 with retropectoral and 2 with
prepectoral placed tissue expanders). One
patient had a previous breast augmentation
and underwent NSM while preserving the
breast implant.

Two patients with genetic mutations opted
for a contralateral risk-reducing mastectomy,
one of whom had immediate breast recon-
struction.

All fifty-seven patients underwent SLNB
and ARM. All 28 patients who underwent
surgery as their initial treatment were
clinically node-negative. Of those who received
NST, 14 were initially clinically node-negative,
while 15 showed a complete axillary response
after the treatment.

SLNs were identified in all cases. The
average number of SLNs identified through
lymphoscintigraphy was 1.67 + 0.08 (median
2, range 1 - 3). A total of 189 SLNs were
removed, with an average of 3.32 + 0.211
(range 1 to 8).

During the intraoperative examination, 41
patients had histologically negative SLNs, 18
from the upfront surgery group and 23 from
the NST one. Sixteen patients (28.07%) were
found to have SLNs with metastasis. Among
these, 10 patients had upfront surgery and 6
received NST. For the 16 patients with
positive SLNs identified during the frozen
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Figure 5. Intraoperative aspect

during ARM: fluorescent
sentinel lymph node (A)
and specimen (B)

section analysis subsequent surgery was
considered, which ranged from additional
lymph node biopsies to ALND.

Overall, 20 out of the 57 patients (35.08%)
had positive SLNs following FFPE and IHC
analysis. In total, 189 SLNs were removed, of
which 32 lymph nodes were found to have
metastases, with a mean of 1.6 (= 0.15, range
1-3) reported in the postoperative histo-
pathologic report.

ARM nodes were visualized in 53 patients
(92.94%). A total of 26 SLNs removed showed
fluorescence (1.37 + 0.114, range 1-2).
Crossover SLN-ARM nodes (Fig. 5) was noted
in 19 patients (33.33%), 5 from the upfront
surgery group and 14 from the NST group.
Crossover rates were much higher in the NST
group (48.27%) compared to the untreated
group (17.85%).

A chi-square test of independence was
conducted to assess the relationship between
neoadjuvant systemic treatment and crossover
between the arm and breast lymphatic
circulation. The results indicated a significant
relationship between these variables, x* (1, N =
57) = 5.932, p = .015. Patients who received
neoadjuvant systemic treatment were more

likely to exhibit SLN-ARM overlap (Table 2).

The number of ARM nodes excised during
SLNB for patients receiving neoadjuvant
systemic treatment was with 0.546 (95%, CI
[0.197, 0.894], p < .001) higher than the
number for untreated patients.

Out of the 26 SLNs with fluorescence
examined, 18 were found to have metastasis
(1.38 £ 0.14, range 1-2). Thirteen patients had
SLN-ARM nodes with metastasis, five of them
were from the upfront surgery group and eight
from the NST one. Among the 19 patients with
crossover, 13 had a positive SLN-ARM: five of
them were untreated patients and eight
received neoadjuvant systemic treatment.

From the 41 patients with negative SLNs
after extemporaneous examination, non-
sentinel lymph nodes were surgically removed
in 20 patients (7 from the upfront surgery
group, 13 from the NST group).

The mean number of NSLNs removed in
these patients was 3.45 + 0.69, with a range of
1 to 12 nodes (median 2, sum 69). Metastatic
NSLNs were found in 3 of 20 (15.00%)
patients. Among these 3 patients, there were 5
(1.67 + 0.67, range 1-3) metastatic nodes
which represented 7.28% of all NSLNs excised

Neoadjuvant systemic treatment Total
Yes No
Table 2. ti table for th
able ?e?gtil(r)lr?;?i(;)yb:tbweeeﬁr ®  SLN-ARM node crossover
neoadjuvant systemic Yes 14 (24.6%) 5 (8.8%) 19 (33.3%)
treatment and the No 15 (26.3%) 23 (40.4%) 38 (66.7%)
crossover of SLN-ARM Total 29 (50.9%) 28 (49.1%) 57 (100.0%)

nodes

SLN: sentinel lymph node, ARM: axillary reverse mapping
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in these patients. All three patients were from
the NST group.

One patient from the upfront surgery group
had a positive SLN at the FFPE and IHC
examination. In this case, one negative NSLN
without fluorescence was removed.

In 7 patients with negative SLNs, 22 (3.14
+ 0.63, range 1-5) fluorescent non-sentinel
lymph nodes were removed. Among these,
5 NSLN-ARM nodes tested positive for
metastasis (1.5 + 0.267, range 1-3). Notably, in
all 3 patients with NSLN metastasis, at least
one of those also had fluorescence. All these
patients were from the NST group and one did
not have SLN-ARM crossover.

For the 16 patients with positive SLNs
after the frozen section further surgery was
considered, ranging from additional biopsy to
ALND. After subsequent surgery, 133 lymph
nodes were removed, with an average of 8.31
nodes per patient (+ 0.99, range 4-15). Out of
the total lymph nodes, 30 were determined to
be involved, with a mean of 3.75 (+ 0.79, range
1-7). Only eight (50%) of the 16 patients
had positive lymph nodes after subsequent
surgery. Two of them were from the upfront
surgery group and the other six were from the
NST-group.

Thirteen out of the 16 patients had additional
fluorescent nodes removed (81,25%). Among
the 133 lymph nodes removed, 47 showed
fluorescence, with a mean of 3.62 (= 0.45,
range 1-6). Out of these, 20 lymph nodes were
found to have metastases, with a mean of 2.50
(= 0.50, range 1-5). All 8 patients with positive

Table 3.

additional removed lymph nodes had at least
one with fluorescence. Two of them were from
the upfront surgery group and both had SLN-
ARM crossover. The other six were from the
NST-group, 4 with and 2 without SLN-ARM
CroSSover.

In total, 390 (7.33 £ 0.51, range 1-19) lymph
nodes were excised, 67 out of which were
positive (3.15 + 0.436, range 1-8). From all 57
patients included in the study, 23 patients
(41.95%) had positive nodes. Sixteen of them
had a metastatic SLN at frozen section and 4
patients had a metastatic SLN after post-
operative evaluation. Another 3 patients had
metastatic NSLNs.

From all the patients included in the study,
ARM nodes were excised in 47.36% of them
(27 patients). Among these, 13 patients had
positive ARM nodes, representing 48.14% of
the patients with removed ARM nodes. There
were 43 positive nodes (2.42 + 0.299, range
1-6), representing 45.26% of the total of 95
ARM nodes removed (3.53 £+ 0.354, range 1-6).

There was a significant difference in the
total number of ARM nodes invaded between
patients who received neoadjuvant chemo-
therapy and those who did not (t(34.966) =
2.996, p = <.001). Patients who underwent
neoadjuvant systemic treatment had an
average of 0.925 more fluorescent nodes
excised, with a 95% confidence interval of
(0.298, 1.552) (Table 3).

In the four patients (7.01%) where no
fluorescent nodes were identified, only SLNB
was performed, suggesting that the ARM

Independent t-test for the influence of neoadjuvant systemic treatment on the number of removed SLN-ARM nodes

Independent Samples Test

Levene’s Test

t-test for Equality of Means

for Equality
of Variances
F Sig. t Significance Mean Std. Error  95% Confidence Interval
(two-sided p)  Difference  Difference of the Difference
Lower Upper
Number of removed  Equal variances
ARM-SLN nodes assumed 17.048 <.001 3.124 .003 .546 175 .196 .896
Equal variances
not assumed 3.150 45.971 .003 .546 173 197 .894

SLN: sentinel lymph node, ARM: axillary reverse mapping
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Figure 6. Intraoperative aspect

during ARM- inspection
of the axilla after the
axillary surgery: residual
fluorescent nodes (A),

no fluorescence observed
in the (B)

pathway is probably located on a deeper layer
than the SLNs. Three of them were from the
upfront surgery group and one from the NST
one. In 26 other patients (45.61%) no ARM
nodes were removed. Another eleven patients
(19.28%) had residual ARM nodes in the
axilla. These three patient groups, representing
71.92% (41 patients) of the study sample,
presumably have a low risk of lymphedema.

In contrast, fluorescence was not observed
in the axilla at the end of axillary surgery in
10 cases (17.54%). Additionally, in 6 patients
(10.52%), only some of the identified ARM
nodes were preserved because these nodes
were located outside the area of the ALND
(Fig. 6).

No adverse reactions related to ICG were
1dentified, including allergic reactions or skin
necrosis at the injection site. Postoperatively,
all of the patients experienced temporary
green staining at the injection site, which
disappeared within 7 to 14 days.

Disscussion

Breast cancer surgery-related lymphedema
of the ipsilateral arm is a common morbidity
that can occur after axillary dissection. It has
a negative impact on the quality of life due to
discomfort, pain, decrease in upper limb
function and impaired aesthetic aspect. For
these patients, managing and concealing an
enlarged arm 1is sometimes even more
difficult than dealing with an amputated
breast (23,24).

While sentinel lymph node biopsy involves

less sacrifice of the arm's lymphatic system
compared to axillary lymph node dissection,
the risk of developing lymphedema after
SLNB is still present. It is estimated to be 2-
7% (25). This risk can increase depending on
additional factors, such as BMI, type of breast
surgery, postoperative infections, systemic
treatment and radiotherapy (26-28).

The ARM procedure was developed to try to
preserve the lymphatic drainage structures of
the upper extremity during axillary surgery,
in order to avoid lymphedema (29-32).

In this study, ICG was used for the ARM
procedure. No allergic reactions occurred, and
the skin discoloration on the upper inner limb
lasted only between one and two weeks.
Several mapping techniques are available for
identifying lymph nodes, including blue dye,
radioisotope, and ICG (33-38). Radioactive
tracers, like technetium-99m, can lead to
unwanted radiation exposure, and some
hospitals may not have access to them, while
blue dyes can cause permanent skin markings
and frequent allergic reactions (39).
Indocyanine green has emerged as a viable
alternative.

ICG is a dye that was developed in 1955
for photographic purposes. It was approved
for medicinal use in 1959, and its applica-
tions rapidly expanded in various medical
specialties thereafter (40-42). Today, it is
commonly used in breast cancer surgery for
multiple techniques, including ARM (43).
Although ICG has some limitations, such as
the restricted 2 cm penetration depth of NIR
light, which can complicate lymph node
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identification, it is a water-based solution
that moves quickly through the lymphatic
system. This characteristic facilitates high-
resolution, real-time imaging (39). Another
advantage of ICG is that it is a non-ionizing
substance, and allergic reactions following
systemic injection are rare, occurring in
fewer than 1 in 10,000 cases (40).

ICG mapping is considered a safe and
effective alternative to traditional blue dye or
radioisotope mapping methods (44,45). This
1imaging technique has a very high sensitivity
for identifying ARM nodes and enables the
evaluation of the crossover between SLNs and
ARM nodes (46). This technique does not
require special preparation or imaging before
the surgery, just patient history to evaluate
the allergic risk. Preoperative cutaneous test-
ing is not recommended (40).

A disadvantage of this technique is the
devices that are required and the costs
associated with it. Most of the clinical studies
use handheld fluorescence imaging systems,
such as the Photo Dynamic Eye (PDE,
Hamamatsu Photonics KK, Hamamatsu,
Japan) and SPY imaging system (Novadagq
Technologies, Inc, Toronto, Canada). However,
a laparoscopic camera with an infrared filter
may be used so that images can be seen on a
high-definition monitor. This is available in
most of the hospitals, but requires repetitive
turning off and on of the lights in the
operating room (30,47).

ARM was initially described for patients
undergoing axillary lymph node dissection.
Blue dye was injected into the arm to identify
and preserve the Ilymphatic drainage
pathways. Initial studies indicated that none
of the ARM nodes were metastatic, which
prompted the use of this technique to preserve
these nodes (16,20). Subsequent research has
demonstrated that node-preserving surgery in
the ARM significantly reduces the incidence of
lymphedema (36,48-50).

However, later studies have suggested the
potential metastatic involvement of ARM
nodes. The observed rates of this involvement
ranged from 14% to 43% (51). Data indicates
that metastatic ARM nodes can occur not only

in patients with high pathological axillary
staging (pN2 and pN3) but also in those
with low pathological axillary staging (pN1)
(52,53).

The ARM procedure has been tested on
patients undergoing sentinel lymph node
biopsy, too (19). In the present study, all
patients also underwent SLNB with radio-
active tracer and ARM wusing indocyanine
green.

This study included both patients who had
an indication for upfront surgery and patients
who underwent neoadjuvant systemic
treatment. When introduced, SLNB was
performed only in clinically node-negative
patients undergoing upfront surgery. However,
SLNB is now also indicated for patients who
receive NST and show a clinical and imaging
complete response in the axilla (54). Given the
increasing frequency of NST and the high
success rates associated with it, the majority
of these patients are now recommended for
SLNB (55).

In this study, a radioactive tracer (99mTec-
nanocolloidal) was injected into the periareo-
lar or peritumoral area, the day before or on
the morning of the procedure. Numerous
studies have demonstrated that the injection
site does not significantly impact the identifi-
cation of SLNs in breast cancer (56-58).
Several 99mTc-based agents have been used
for SLN detection in breast cancer. It is
widely agreed that a radiocolloid provides the
best balance between rapid lymphatic
drainage and strong retention in the SLNs
(56,59). Generally, SLNs can be visualized
within 1 to 2 hours post-injection, and patients
should be in the operating room within 2 to 30
hours after colloid injection. If surgery is
scheduled for the early morning, injection and
imaging can be safely performed the afternoon
before the procedure. Alternatively, the
injection can be done on the morning of
the surgery (56,60). There is currently no
consensus on the appropriate dose to administer.
The recommended total injected dose is 5 to 30
MBq for surgeries scheduled on the same
day and up to 150 MBq if the injection is
administered the afternoon before surgery (56,
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61). In cases with non-identification sentinel
lymph nodes when the radioactive signal is
not detected preoperatively, ICG can serve as
a backup method for SLN identification.

Before the breast surgery, after the
anesthesia, a 3 ml injection of ICG solution
was injected into the medial aspect of the
ipsilateral upper arm. The literature indicates
that the timing of the ICG injection varies. In
some studies, ICG is injected more than two
hours before surgery, while in others it is
administered immediately after anesthesia
and before breast surgery (18,30,62).

Additionally, there is a variation in the
volume of subcutaneously injected ICG,
ranging from 0.1 to 3 mL of a 2.5 mg/mL ICG
solution. Injection sites also differ, being
performed subcutaneously in the interdigital
area, on the inner side of the wrist or the
medial aspect of the proximal arm in the
intermuscular groove (18,19,30,46,62,63).
Some authors suggest elevating the arm after
ICG injection to enhance lymphatic drainage,
particularly when the injection is administered
at a more distal site (30).

This study employed a gamma-detecting
probe to identify sentinel lymph nodes. The
SLN was defined as the node exhibiting the
highest radioactivity count. The threshold
for the removal of additional SLNs was
established at 10% of the highest recorded
radioactivity count. It is widely accepted to
excise all nodes with a radioactive count of
10% or more of the hottest node. However,
recent data suggest that the "40% rule" or
the "hottest two" rule may serve as viable
alternatives (64). Using the ARM technique, it
1s possible to preserve fluorescent lymphatic
channels and lymph nodes, even if they
register a low radioactive signal that falls
below the previously mentioned threshold.
However, our primary objective is to remove
all "hot" lymph nodes first, and only afterward
focus on sparing the fluorescent nodes.

An average of 3.32 sentinel lymph nodes
were removed in our study, with a range of 1
to 8 nodes. The literature generally reports
that the number of SLNs ranges from one to
thirteen, with an average of 2.9 (65).

An important issue is that crossover
between SLNs and ARM nodes can occur (48,
66,67). In our study, the axillary surgery was
performed 10 to 20 minutes after the ICG
injection. Crossover between SLNs and ARM
nodes was detected in 19 out of 57 cases,
resulting in an overall rate of 33.3%. This
finding is higher than what has been reported
in the literature, where crossover rates range
from 8.7% to 18.9%, with only one study
reporting a rate of 27% (18,46,68,69,70).
Patients with SLN-ARM node crossover are at
an increased risk of developing lymphedema
after SLNB (13,36).

This discrepancy may be attributable to
the fact that some patients in our study
underwent neoadjuvant systemic treatment.
Taking this into consideration, the crossover
rates were 17.85% for those in the upfront
surgery group and 48.27% for those in the
NST group. The higher crossover rates may be
related to the assumption that NST causes
anatomical changes in the lymphatic path-
ways due to factors like tumor cell destruction,
inflammation, fibrosis, or blockage from
necrosis. The rates reported in our study align
with existing literature on the topic for the
untreated group, but are higher than those
reported after NST. Only one study specifically
examined the ARM procedure on patients after
NST, reporting a crossover rate of 36.5% (71).

It has been suggested that the ARM proce-
dure may be oncologically safe for clinically
node-negative patients (46, 66, 72-74). In this
study, all patients with SLN-ARM node
crossover from the upfront surgery group had
at least one metastatic fluorescent SLN.
Among the patients with positive SLNs who
did not experience crossover in this group, no
other excised ARM nodes were found to be
positive. This suggests that for the SLN-
positive patients without overlap in the
upfront surgery group, if further axillary
surgery is necessary, the fluorescent nodes can
potentially be preserved. These findings align
with existing literature, where two studies
determined that ARM nodes, which do not
coincide with SLNs, may be preserved when
further surgery is necessary for SLN-positive
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patients (68, 72). However, further studies are
needed to confirm these findings.

In this study, the metastatic rate of the
fluorescent SLNs was 27.58% in the NST
group. Moreover, patients with positive
SLNs from this group without crossover had
additional fluorescent lymph node with metas-
tasis. On this matter, there are contradictory
opinions in the literature. A study including
clinically node-positive patients who under-
went neoadjuvant systemic therapy reported a
metastasis rate of 5.7% of fluorescent SLNSs,
with all cases being classified as luminal-type
tumors. The authors discussed these findings
in the context of precision medicine, when up
to 80% of selected patients with triple-
negative or HER-2 positive breast cancer
achieve pathologic complete response rates
after NST. They argued that it is reasonable to
consider preserving axillary lymph nodes in
this specific subpopulation without compro-
mising oncologic safety (71). However, another
study on patients with node-positive breast
cancer recommends that suspicious ARM
nodes should be removed, particularly in
NST and clinicopathologically node-positive
patients before NST (62).

In the 16 cases where a positive SLN was
identified during frozen section examination,
further surgical intervention was considered.
As the literature states, for some patients, it
may be possible to avoid axillary dissection,
thereby reducing the risk of complications
associated with axillary surgery without
negatively impacting survival outcomes (75-
79). According to the results of the IBCSG
23-01 trial, SLNs that contain micrometas-
tases (less than 2 mm) do not require ALND
(75). Furthermore, based on findings from the
ACOSOG Z0011 trial, additional axillary
surgery is not recommended for patients with
T1 or T2 tumors and 1 to 2 positive SLNs who
undergo breast-conserving surgery without
prior neoadjuvant systemic therapy and will
receive whole-breast radiation therapy (76).
The SENOMAC trial also indicates that
omitting ALND 1is safe for node-negative
breast cancer patients with T1-T3 tumors who
have one or two SLNs with macrometastases

and will receive adjuvant systemic treatment
and radiation therapy (79).

In terms of technical details, during the
inspection of the axilla after the sentinel
lymph node biopsy (SLNB) procedure, the
integrity of the lymphatic drainage could only
be confirmed by visualizing fluorescence within
the axilla. Achieving complete visualization of
the axillary operative field using a NIR optical
system is often challenging due to the limited
exposure offered by a small incision (71).

The primary goal of this procedure is to
reduce upper limb lymphedema following
breast cancer surgery. As the current study
had a short follow-up period and did not
include lymphedema assessment as an out-
come, the authors plan to conduct a study with
a longer follow-up time to assess the effective-
ness of this procedure. Various studies have
reported lymphedema rates after ARM rang-
ing from 0% to 4% for SLNB and between
2.4% and 30.7% for ALND (40,49,50,69,80-82).

However, these studies often employ
varying definitions of lymphedema and
different  measurement methodologies,
generally exhibiting low levels of evidence.
Additionally, several factors can influence the
rates of lymphedema (83).

Axillary reverse mapping has been studied
for over a decade since its introduction.
However, several issues remain unresolved,
particularly concerning crossover rates with
sentinel lymph nodes, the indication of ARM
node sparing in the case of positive SLN,
especially in clinically node-positive patients,
and the lack of predictive factors for ARM
node involvement. Despite these challenges,
ARM has the potential to reduce lymphedema
rates. Furthermore, combining the ARM with
lympho-venous anastomosis techniques could
yield even greater benefits (84).

The study has as limitations the limited
sample size, short follow-up period and
patient heterogeneity, with the inclusion
of both patients who received neoadjuvant
systemic treatment and those who did not,
regardless of their initial oncological stage.
One upside of the study is that all surgeries
were conducted by a single surgical team led
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by a principal surgeon with over 40 years of
experience in surgical oncology and 25 years
in performing sentinel lymph node biopsies.
This consistency helps eliminate variations in
technique. Another advantage of this study is
that only two other studies have addressed
SLNB and ARM using indocyanine green for
patients following neoadjuvant systemic
treatment. Notably, this is the only study that
directly compares SLNB and ARM performed
during upfront surgery and after neoadjuvant
systemic treatment.

Conclusions

Axillary reverse mapping in patients under-
going sentinel lymph node biopsy enables a
supraselective approach to axillary surgery in
breast cancer. This technique 1s valuable,
feasible and oncologically safe, as it allows the
preservation of axillary drainage of the upper
limb and may potentially prevent lymphedema.
However, it can also help identify patients who
may be at risk of developing lymphedema in the
future. Notably, in patients who underwent
upfront surgery, in all cases of SLN-ARM
node crossover, the nodes were found to be
metastatic. In this category of patients, no
other invaded ARM nodes were found in
patients without SLN-ARM node crossover.
This observation raises the possibility of
sparing ARM nodes in SLN-positive patients.

Crossover rates are higher in patients who
have received neoadjuvant treatment, possibly
due to anatomical changes in the lymphatic
pathways caused by NST. In this category of
patients, metastatic ARM nodes were also
found in patients without SLN-ARM node
CrOSSOVer.

Further research on larger patient popula-
tions, along with multicenter studies and long-
term follow-up, are necessary to validate the
indication of preserving ARM nodes and the
effectiveness of this method in reducing
lymphedema rates.
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