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Background: Sentinel lymph node biopsy (SLNB) is now considered the “gold standard” for axillary
staging in the treatment of breast cancer. Most of the lymph node mapping experiences have been performed
with a radioisotope (albumin-Tc99m) associated or not with the intraoperative injection of a dye, such as
Patent-Blue V. Recent studies have shown how the use of indocyanine green (ICG; a drug used for diagnostic
use for many years in other sectors) as a fluorescent tracer, allows to obtain alone detection rate of the
sentinel lymph node similar or even better, without the risks related to radioactivity and with better use of
resources.

Methods: From March 2020 to February 2021, 184 patients with breast cancer ¢NO, candidate for SLNB
were enrolled at the Complex Operative Unit (UOC) of Breast Surgery, Breast Unit of the Hospital of
Verona. The ICG was injected into the periareolar site and was used the NOVADAQ SPY Elite system
(Stryker®) for transcutaneous intraoperative observation of fluorescence. The primary objective of the study
is the evaluation of the feasibility of the technique and its sensitivity in the identification of sentinel lymph
node; among the secondary endpoints the recognition of predictive factors on the identification (t1-t0) and
extraction (t2-tl) times of the sentinel lymph node, and on the number of lymph node uptake pathways.
Finally, was analyse the safety of the technique.

Results: The sentinel lymph node was detected and removed in 98.3%. The average number of sentinel
lymph nodes extracted is 1.527, while the average number of total lymph nodes (TLNSs) extracted is 3.375.
The sensitivity of the sentinel lymph node detection technique with ICG, turns out to be 100%. Finally, in
the literature, lymphatic function decreases with increasing age, reducing the identification rate of the SLN;
this is not confirmed in our study.

Conclusions: Our study confirms the use of the only ICG tracer for SLNB in ¢NO breast cancer,
demonstrating that it is a safe, effective and sensitive technique, which also allows to reduce costs, risks and

organizational efforts.
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Introduction

Axillary staging based on sentinel lymph node biopsy
(SLNB) became the gold standard in early-stage breast
cancer management and can avoid complete axillary
dissection in more than 70% of cases (1-3).

Giuliano er al. (4), in the Z0011 trial (phase 3, 2011)
showed that completion axillary dissection is not mandatory
in case of positivity of the SLNB in conservative breast
surgery. Other ongoing trials (randomized control
SENOMAC trial) are evaluating the possibility of omitting
complete axillary dissection in case of sentinel lymph node
positivity even in case of mastectomy (5).

Therefore, the techniques that allow accurate
identification of this lymph node have a remarkable
importance, in order to achieve an oncologically correct
staging.

A first revolution of the standard technique with
methylene blue occurred with the introduction of the
radioisotope Technetium-99, first in combination with
methylene blue and then alone. With a detection level
of up to 96% (6,7) the approach based on preoperative
lymphoscintigraphy with Technetium-99 became the gold
standard. Some limitations of this procedure are logistical
and economical. They include: the need for a department
of Nuclear Medicine to obtain the radioisotope and to
inject the compound with proper timing; the need for
radiation protection; the risk, even if minimal, of the use
of a radioactive compound. These are the most important
reasons that led the scientific community to search a
new tracer, which could overcome the constraints of the
radioisotope, while maintaining comparable detection rates
of the sentinel lymph node.

Indocyanine green (ICG) is a water-soluble molecule,
which is relatively non-toxic and inexpensive. After
intravenous injection, it can be rapidly combined with
plasma albumin and a-1-lipoprotein, and generate near
infrared light penetrating into tissues under the excitation
of exotic light with wavelength 750-810 nm. Initially, ICG
as a diagnostic drug has been used in clinical practice since
the mid-1950s. In 1954, it was approved by the United

© Gland Surgery. All rights reserved.

States Food and Drug Administration for the evaluation
of liver reserve function and cardiac circulation function.
After that, the unique fluorescence properties of ICG have
attracted wide attention. Through the near infrared imaging
system equipment, ICG enables form clear fluorescence
imaging during surgery, which achieves the visualization
of surgical field and real-time tracer drainage of lymphatic
and lymph nodes, distinguishes lymphatic tissue from other
tissues such as gastric perivascular, fat, pancreas, ureter, etc.
And owing to enhanced permeability and retention effect of
solid tumors, ICG has the ability to be gathered in tumor
tissues, clear display the boundary of the tumors, for the
purpose of guiding the complete resection of the tumor.

In the field of oncological surgery, the injection of ICG
in the surroundings of the cancer is a method for detecting
the sentinel lymph node in tumors of different districts,
such as colon, prostate, uterus and oropharynx (8). Its use
in breast cancer has been proposed in recent years by the
breast surgery community. European Society of Medical
Oncology (ESMO) and Japanese Breast Cancer Society
(JBCS), define it as the only recommended alternative to
the use of radioisotope (9-11).

The use of this tracer is also expanding in Europe: in
2020 in France the FLUOBREAST trial ended (12).

This monocentric observational study proposes ICG as
the only tracer for the research and identification of the
sentinel lymph node in a high-volume center for breast
cancer, evaluating its safety and feasibility.

The unexpected advent of the SARS-CoV-2 (severe
acute respiratory syndrome) pandemic has led to a sudden
disruption of routine medical care, with a subsequent
reorganization of hospital structures and resettlement
of therapeutic algorithms. Extraordinary measures have
been advocated in order to protect patients and health
professionals, and to create a safe path to treat patients (13).

The current healthcare emergency has also become
an opportunity for the application of new technologies in
clinical practice, as tools to improve patient’s management
flow, whilst dealing with limited resources. The use of ICG
as a method for identification of the sentinel lymph node
fits into this context.
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The identification of the sentinel lymph node through
the use of the ICG as the only tracer, can be done directly
in the operating room, immediately after the induction
of general anaesthesia; thus, not requiring patient’s
pre-hospitalization, explains why we thought that its
preferential use over lymphoscintigraphy could significantly
impact preoperative times. Additionally, by avoiding
lymphoscintigraphy, our aim was to benefit both the
patients (avoiding going another time to the hospital) and
the healthcare personnel (decreasing patient-patient and
patient-physician interaction).

The aim of the study is to demonstrate the safety and
feasibility of the SLNB method using ICG as the only
tracer; the primary endpoint is to investigate the sensitivity
of this technique compared with Technetium (Te-99m).

As a secondary endpoint, we evaluated the operative
timing and the uptake pathways in relation to the physical
characteristics of the patients and the cancer. We present
the following article in accordance with the STROBE
reporting checklist (available at https://gs.amegroups.com/
article/view/10.21037/gs-21-609/rc).

Methods

From March 2020 to February 2021, 184 patients with
breast cancer ¢cNO, candidate to SLNB were enrolled at
Breast Surgery of Verona.

The inclusion criteria were:

(I) Patients between 18 and 90 years old;

(II) cT1-2 breast cancer;

(III) Axillary lymph nodes negative on ultrasound or

MRI investigations, or with negative axillary biopsy
(cNO) candidates for SLNB.

The exclusion criteria were:

(I) Pregnancy or lactation;

(II) Previous homolateral complete axillary dissection.

All the patients included in the study were informed of
the procedure and were asked to sign a specific informed
consent. All the procedure of SLNB was performed using
Verdye®—Diagnostic Green Gmbh (ICG) as only tracer.

ICG is a vital fluorescent dye with a molecular weight of
776 Da, which turns out a dark green coloration in ambient
light and fluorescence spectrum in the infrared wavelength
(700 nm to 1 mm).

For intraoperative and transcutaneous observation of
ICG fluorescence, was used the photodynamic system
NOVADAQ SPY Elite system (Stryker®).

This system uses a Laser diode at 806 nm to stimulate
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up to 18.5x13.5 cm’ surface and a high-resolution
camera (1,024x768) for recording the fluorescent signal.
The photodynamic system causes the excitation of the
fluorescent tracer that emits a light signal in the infrared
spectrum: this signal is then captured by the high-resolution
camera, creating a real time image on monitor.

This procedure is carried out in the operating room
with the lights off, to improve the identification of the light
signal. The depth of observation allowed by the system is
about 3 cm, even on the skin.

Medical equipment allows four different display modes
(Figure 1): white light mode, color mode with fluorescence
overlay (OVERLAY), color segmental fluorescence (CSF)
mode for qualitative quantification of the concentration of
the ICG tracer, fluorescence SPY mode.

In the operating room, during induction of anaesthesia
and before the preparation of the surgical field, surgeons
injected a total of 1.0 mL of Verdye® (25 mg/mL
reconstituted with 10 mL of NaCl 0.9%) dividing the
amount in 4 shots of 0.25 mL in the peri-areolar site,
approximately at 3, 6, 9, 12 o’clock. After the injection, the
breast was gently massaged to facilitate lymphatic uptake of
the dye.

At the end of this phase, time t0 was recorded.

After preparation the surgical field, through the use of
the fluorescence camera (SPY Portable Handheld Imagining
System, NOVADAQ Stryker®), the team identified and
followed the tracer pathways (Figure 2). The incision was
then made at the point where the fluorescent signal visually
ended in the axillary region.

The time tl and the number of pathways the tracer was
reported on the procedure form.

Once the locus of absorption maximum of the tracer
was identified, the fluorescent tissues were removed, and
time t2 was recorded. The fluorescent tissue from the
axillary region, was checked ex vivo with colour segmental
fluorescence mode (CSF mode) to identify the sentinel
lymph node and accessory-sentinel lymph nodes.

The axillary tissues were then evaluated with the SPY
Camera to confirm the complete removal of the fluorescent
lymph node tissue. Even palpable or macroscopically
suspicious lymph nodes, although not fluorescent, were
removed and sent as accessory lymph nodes.

The following data was recorded during the surgical
procedure: time of tracer injection (t0), axillary incision time
(t1) and time of extraction of the sentinel lymph node (t2).
We also reported the characteristics inherent the mapping
of the lymphatic drainage, such as the number of lymphatic
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Figure 1 Four different display modes to view.

Figure 2 Fluorescent tracer injected at periareolar complex and

emigrated to axillary sentinel lymph node.

pathways originating from the areola, the number of spy
foci, the number of lymph nodes sent as a sentinel and the
number of foci sent as accessory nodes.

We reported the failure of the procedure in one of the
following situations: absence or overlay of illumination by
the tracer in the axillary region, absence of identification of
lymphatic drainage pathways or absence of identification of
the sentinel lymph node.

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). Ethical
approval was waived because the procedures performed in
this study involving human participants is already validated.

© Gland Surgery. All rights reserved.

Statistical analysis

IBM® SPSS Statistics, version 25, and Microsoft Excel 365°
(16.43 version, 20110804) were used for Student’s z-test
statistical analysis.

Results

A total of 184 cases were enrolled in the study (2 males,
182 females).

Patients’ median age was 65.8 years (range, 27-90 years),
with a median body mass index (BMI) of 25.09 kg/m’
(range, 14.13-41.78 kg/m”®). The most common histological
subtype was ductal invasive carcinoma (n=109; 59.2%),
followed by lobular invasive carcinoma (n=42; 22.8%).

Ninety patients had comorbidities such as arterial
hypertension, diabetes mellitus type II, dyslipidemia, as
shown in Table 1; 30 patients were smokers.

Some patients had previously undergone medical,
radiotherapy or surgical therapies; in detail, as shown in
Table 2, 12 patients underwent neoadjuvant chemotherapy
(NACT), 20 performed external radiotherapy (of whom
19 for previous breast cancer and 1 for previous Hodgkin
lymphoma), 47 undergone breast surgery and 27 undergone
axillary surgery (18 subjected to SLNB and 9 patients
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Table 1 Characteristics of patients—anamnestic data (n=184)

Variable Value
Gender

Male 2

Female 182
Age, years 65.8 (27-90)

0-49 26

50-69 74

>70 84
BMI, kg/m’ 25.09 (14.13-41.78)

<18 3

18-<25 94

25-<30 64

>30 23
Comorbidity (90/184)

Arterial hypertension 59/90

Diabetes 16/90

Dyslipidemia 30/90
Active smoker 30

Data are presented as mean (range) or numbers. BMI, body
mass index.

subjected to axillary sampling) (Table 2).

The sentinel lymph node was detected and excised in
181 out of 184 cases (98.4%). The average number of total
lymph nodes (TLNSs) removed was 2.9 for single patient, the
average number of lymph nodes classified intra-operatively
as sentinel was 1.56. These results are consistent with the
recommendations in the literature about the minimal and
maximal number of excised lymph nodes in breast surgery
(14,15).

Lymph node metastases were found in 31 patients
within SLNs (16.8%), whereas no micro- or macro-
metastases in accessory SLN were reported, suggesting
that this technique might be highly selective. So, the
anatomopathological concordance between the sentinel
lymph node and metastatic localizations was 100%: in all
patients with metastatic lymph nodes, they always appeared
also in the sentinel one. No lymphatic station “jump”
occurred in the process of lymphatic spread by cancer cells
(“skipping metastases”).

The average t0 and t1 were 11 minutes and 03 seconds
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Table 2 Remote pathological history of the pool of enrolled
patients—previous breast and/or axillary surgery, previous
radiotherapy and/or chemotherapy

Variable N
NACT (n=12)
Anthracyclines + taxanes scheme 12

Previous radiotherapy (n=20)
Conservative treatment of breast cancer 19
Hodgkin lymphoma 1

Previous breast surgery (n=47)

Tumorectomy 35
Simple mastectomies 3
Simple mastectomies with reconstruction 8
Bilateral breast augmentation 1

Previous axillary surgery (n=27)
SLNB 18

Axillary sampling 9

NACT, neoadjuvant chemotherapy; SLNB, sentinel lymph node
biopsy.

and 14 minutes and 7 seconds respectively. Median sentinel
lymph node incision time (SLNIT; t1-t0) and sentinel
lymph node excision time (SLNET; t2-t1) were 11 minutes
and 14 minutes, respectively (range, 11-16 minutes; range,
12-18 minutes). So, the median length of procedure was
25 minutes (range, 11-40 minutes). The average number
of lymph node uptake pathways was 1.59, with a range
between 0 and 4.

Following periareolar ICG injection, at least one
fluorescent pathway leading to the axilla could be
highlighted in 95.5% patients, 52.3% patients had a single
pathway, while 34.1% had 2 pathways and 9.1% had 3
separate pathways to the axilla.

In addition, we analysed the possible existence of
predictive factors for the time of lymph node removal
(SLNET) and for the number of uptake pathways.

None of the patients (even those allergic to iodium)
presented immediate reactions even in the absence of
premedication (16,17).

No skin tattoos residual from the tracer were found.
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Discussion

The SARS-CoV-2 pandemic has completely disrupted the
routine of standard medical treatments, allowing the rapid
evolution of new technological approaches. The use of ICG
as a method of identifying the sentinel lymph node fits into
this context. From March 2020 to February 2021, breast
cancer patients treated at the UOC of Breast Surgery of
the Azienda Ospedaliera Universitaria Integrata (AOUI) of
Verona, performed the SLNB with the ICG as only tracer.

A number of studies reported an SLN detection rate
using fluorescence-guided imaging techniques ranging from
96% to 99%, with an average of retrieved SLN ranging
from 2.1 to 3.5 (18-23).

In our cohort, SLNs were found in 98.3% of patients,
with an average number of SLNs retrieved of 1.5, while the
average number of TLNs was 2.9, as guidelines recommend
for a standard SLNB procedure.

In the present cohort, none of the identified micro-
or macro-metastases was found within accessory SLN,
suggesting that this technique might be highly selective,
further reducing the risk of morbidity that comes with
additionally lymph node removal during the procedure.

ICG procedure has proven efficacy for patients who have
previously undergone surgery (breast and/or axillary) or
radiotherapy in the homolateral thoracic region.

Most studies show a length of procedure to a median of
26 minutes (range, 15-50 minutes), with a non-significant P
if performed under local anesthesia or general anesthesia (19).
These data are comparable to the results of the present
study (24).

In addition, we analysed the possible existence of
predictive factors for the time of lymph node extraction and
for the uptake pathways displayed on a monitor.

Dimension and breast weight (within the subgroup of
mastectomies), are possible predictors for the extraction
times. To our knowledge, this is the first study to correlate
these parameters to SLN operative times. The rationale
behind the association of breast dimensional parameters
and SLN excision time is unclear. This might be related to
a more represented adipose tissue that may alter the outflow
of the tracer, and/or to the limited sensitivity of the camera
for signals deeper than 3 cm. A possible solution for this
could be to implement an intraoperative boost injection of
1 mL of the same ICG solution in close proximity to the
tumor or along the fluorescent ICG pathway to enhance
SLN’s tracer concentration. Further studies are needed
to clarify our findings on breast’s dimensional parameters,
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as they could represent an obstacle for the surgeon when
using near infrared fluorescence-guided surgery for SLN
identification.

A statistically significant difference (P=0.0077) was then
found in the extraction time for patients with previous ipsilateral
breast surgery. This difference could be justified by the
lymphatic drainage of the breast as a result of the prior surgery.

The average number of lymph node uptake pathways was
1.59, with a range between 0 and 4.

Following periareolar ICG injection, at least one
fluorescent pathway leading to the axilla could be highlighted
in 95.5% patients, 52.3% patients had a single pathway, while
34.1% had 2 pathways and 9.1% had 3 separate pathways to
the axilla.

"To our knowledge, the present study is the first one to
relate clinical and pathological features to the number of
fluorescent pathways leading to the axilla.

In our analysis, a statistically significant difference
was highlighted in the rate of G3 disease (16.0% uvs.
52.6%; P=0.013), estrogen receptor (ER) negative
disease (4.0% wvs. 31.6%; P=0.013), triple negative
disease (4.0% vs. 26.3%; P=0.033) and median number
of fluorescent foci within the axilla (1 vs. 2; P=0.041)
between patients with more than one pathway leading
to the axilla (Group B, more than 2 pathways) and
patients with a single or no pathway (Group A,
0-1 pathway).

We believe that this association could be explained by the
fact that aggressive tumors might have a greater lymphatic
vascularization produced by a more intense angiogenesis,
hence a greater number of draining pathways in the armpit,
compared to lower grade tumors. Alternatively, it can be
speculated that aggressive tumors might have a higher rate of
lymphatic infiltration, which might impair lymphatic flow to
the point that multiple drainage pathways are needed to reach
the axilla. Based on these findings, it could be reasonable to
assume that patients with more than one draining pathway
could benefit from an SLN frozen section.

Although these results are promising and could pave
the way for interesting speculations, further studies are
warranted to clarify the associations of biological parameters
with lymphatic drainage pathway patterns.

Patients in Group B underwent mastectomy more
frequently than patients in Group A (78.9% vs. 44.0%;
P=0.02). Additionally, the median number of fluorescent foci
within the axilla was higher in Group B than in Group A
(2 vs. 1; P=0.041). There was a trend for median TLNs to
be higher in Group B than in Group A (P=0.068).
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No differences in terms of SLNIT, and SLNET could
be identified between the two groups (all P>0.05).

Finally, we analysed the influence of multifocality and/
or multicentricity of the lesion on the number of uptake
pathways, finding a significant difference from unifocal
lesions. Among the hypotheses aimed at explaining
this finding, we include the lack of the “ab extrinseco”
compression effect of the lymphatic system by the tumor
mass, and the absence of intravascular lymphatic metastases
that could cause the occlusion of the lymphatic vessel, and
therefore a reduction of the uptake pathways.

The results of the present study, combined with the
most recent experiences described in literature, confirm
the feasibility, efficacy and safety of the ICG technique,
which can be suggested as a single tracer for SLNB. This
is particularly valid in hospitals where there is no nuclear
medicine service or in which a double hospital access of the
patient is not logistically possible, an undeniable advantage
especially in pandemic era (24). Additionally, this technique
seems to be cost effective, especially where the system and
the tracer used are shared with general surgeons, urologists
and gynaecologists (25-27). In our university hospital,
both tracer and camera are used only for study purposes.
The ICG tracer is used by general surgeons for the intra-
operative study of intestinal anastomoses, by plastic
surgeons for the vitality of the areola-nipple complex, and
even by urologists to identify the sentinel lymph node in
penile tumors. The main limiting factor to a routine use
of this technique seems to be the lack of indication to the
extravasal use of the tracer.

Conclusions

This work seems to suggest that the use of ICG tracer only
in the SLNB procedure in patients with ¢NO breast cancer,
might be a safe, effective, and sensitive technique. Cost
analyses are necessary in order to effectively determine
whether the routine use of this tracer results in a reduction
in material and health personnel costs compared to the
lymphoscintigraphic technique.

This method may in the future completely replace the
use of radiocolloid as the main tracer for SLNB procedures,
reducing costs and management time that the standard
procedure normally entails.
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