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Abstract

Introduction: The lymph node status is of utmost importance in endometrial cancer staging. However, the therapeutic
importance of systematic lymphadenectomy was not proven, thus the sentinel lymph node biopsy (SLNB) is emerging as
an alternative to classic surgical staging procedure. We aimed to evaluate the feasibility of SLNB in clinical early-stage en-
dometrial cancer, at a university-affiliated teaching hospital.
Material and Methods: Retrospective, single-centre, observational analysis, including patients with clinical stage I or II
endometrial cancer, submitted to minimally invasive primary surgery. Patients underwent sentinel lymph node mapping
with indocyanine green dye, after cervical injection, from September 2019 to September 2022. The ultra-staging protocol
was followed. The map rate, sensitivity, negative predictive value, and false negatives were calculated.
Results: Fifty-six patients met the inclusion criteria. The overall and bilateral detection rate was o 96.4% and 80.3%, res-
pectively. After SLNB, complete pelvic lymphadenectomy was performed in 33.9% of patients. Lymphatic metastases were
found in 6 (10.7%) cases, all of them in sentinel lymph node sampling. Four patients, with pre-operative low-risk of re-
currence, had bilateral SLNB and the histopathological evaluation revealed micrometastases. Two patients, who underwent
pelvic lymphadenectomy, had macrometastases. The sensitivity and negative predictive value of SLNB were 100%, with a
false negative rate of 0%. Comparative analysis between the groups with a low-risk of recurrence, that underwent SLNB
alone, and intermediate/high-risk groups, that performed systematic lymphadenectomy, showed a significant difference in
surgery duration, hospital stay, and complication rate (higher in the systematic lymphadenectomy group). There were no
adverse effects related to the indocyanine green injection.
Conclusion: SLNB is a safe procedure, with a high detection rate and sensitivity, avoiding the morbidities related to 
systematic lymphadenectomy. The implementation of the ultra-staging protocol is crucial to allow the diagnosis of the 
low-volume metastatic involvement, influencing the definitive staging of apparently low-risk patients.

Keywords: Endometrial cancer; Sentinel lymph node biopsy; Indocyanine green; Minimally invasive surgery; Lymphade-
nectomy.
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Resumo

Introdução: No cancro do endométrio (CE), o estadiamento cirúrgico é fundamental para estabelecer o prognóstico. Con-
tudo, o valor terapêutico da linfadenectomia sistemática não foi demonstrado. A biópsia do gânglio sentinela (BGS) tem-
se revelado como alternativa ao estadiamento cirúrgico clássico. O objetivo deste estudo foi avaliar a precisão diagnóstica
da BGS em doentes com CE em estádios iniciais, num centro terciário.
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INTRODUCTION

E ndometrial cancer (EC) is the most common gy-
necologic malignancy in developed countries,

with a growing prevalence due to high rates of obesity
combined with extended life expectancy1. Its estimated
incidence and standardized mortality rate in Portugal
are 9.9/100000 and 2.0/100000, respectively, accor-
ding to Globocan 20202.

Although the majority of cases are detected early,
with a low risk of lymph node invasion3, lymph node
metastases are an important factor, not only to provide
information about staging and prognosis, but also to se-
lect adjuvant treatment4. Thus, according to the Inter-
national Federation of Gynaecology and Obstetrics
(FIGO) 2009, the standard staging for endometrial can-
cer is surgical, through total hysterectomy with bilate-
ral salpingo-oophorectomy and pelvic and para-aortic
lymphadenectomy (LDN)5.

Since nodal metastasis in early-stage EC are rare, sys-
tematic lymph node removal changes preoperative sta-
ging in less than 10% of cases6. Furthermore, a Co-
chrane review from 2017, as well as two recently pu-
blished studies, revealed that LDN did not improve
overall and disease-free survival of patients with pre-
sumed stage I disease6-8. On the contrary, it was asso-

ciated with a higher incidence of serious short and
long-term adverse events, such as surgery-related sys-
temic morbidity and lymphoedema formation6,9.

Sentinel lymph node biopsy (SLNB) has therefore been
proposed as a less invasive strategy for nodal status as-
sessment. Multiple recent studies demonstrated the ad-
vantages of this technique when applied in early-stage
endometrial cancer, reporting a high sensitivity, ranging
from 91 to 100%, and a negative predictive value of 98-
-100%10-12. Additionally, the ultrastaging technique allows
an increase in the detection of malignant cells in sentinel
lymph nodes (SLN) compared to the standard histologic
examination of non-sentinel lymph nodes (LN)13-15.

According to multiple research projects and guide-
lines, indocyanine green (ICG) dye, injected in the cer-
vix, with detection of the SLN under near-infrared
(NIR) light, is the recommended tracer in minimally
invasive surgery13,14,16-18, providing the highest detec-
tion rate, with a low incidence of adverse effects13,19,20.

Recent international guidelines updated their recom-
mendations regarding lymph node assessment in endo-
metrial cancer: the guideline from the European Socie-
ty of Gynaecological Oncology (ESGO), European So-
ciety for Radiotherapy and Oncology (ESTRO), and the
European Society of Pathology (ESP) recommends SLNB
for patients with low-risk/intermediate-risk disease,

Materiais e Métodos: Estudo retrospetivo observacional, unicêntrico, de doentes com CE no estádio I ou II da FIGO, sub-
metidas a cirurgia primária por laparoscopia com BGS, após injeção cervical de verde de indocianina. Realizou-se proto-
colo de ultraestadiamento em todos os gânglios sentinela identificados. Calcularam-se a taxa de deteção, sensibilidade, va-
lor preditivo negativo e taxa de falsos negativos.
Resultados: Incluíram-se 56 doentes. A taxa de deteção total e bilateral foi de 96,4% e 80,3%, respetivamente. Após a BGS,
a linfadenectomia sistemática foi realizada em 19 (33,9%) doentes. A metastização ganglionar foi detetada em 6 (10,7%)
casos, todos em gânglios sentinela. Nas quatro doentes, do grupo de baixo risco de recorrência, submetidas apenas a BGS,
a invasão ganglionar foi sob a forma de micrometástases, nos 2 casos que realizaram linfadenectomia pélvica foram en-
contradas macrometástases. A sensibilidade e o valor preditivo negativo da BGS foi de 100%, com taxa de falsos negativos
de 0%. A análise comparativa entre o grupo submetido apenas a BGS e o submetido ao estadiamento ganglionar clássico,
demonstrou diferenças significativas na duração da cirurgia, dias de internamento e complicações, que foram superiores
neste último. Não houve efeitos adversos associados à utilização do verde de indocianina.
Conclusão: A BGS é um procedimento seguro com elevada taxa de deteção e sensibilidade, permitindo reduzir a morbili-
dade associada ao estadiamento clássico. O protocolo de ultrastaging é essencial para diagnosticar envolvimento metastá-
tico de baixo volume, influenciando o estadiamento definitivo de doentes com aparente baixo-risco de recorrência.

Palavras-Chave: Cancro do endométrio; Biópsia do gânglio sentinela; Verde de indocianina; Cirurgia minimamente in-
vasiva; Linfadenectomia.
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advising against systematic LDN in this group21. For pa-
tients with high-intermediate/high-risk disease lymph
node biopsy is considered an acceptable alternative to
systematic lymphadenectomy for lymph node staging in
stage I/II21. The National Comprehensive Cancer Network
(NCCN) 2021 suggests performing SLNB for the uteri-
ne-confined tumour, with a level of evidence 2A14.

The purpose of this study was to analyse the perfor-
mance of SLNB using assisted fluorescence imaging of
the ICG in patients with early EC, concerning detection
rate, sensitivity and negative predictive value (NPV).

METHODS

Patients
From September 2019 to September 2022, a retros-
pective observational analysis of prospectively collec-
ted data in a university-affiliated teaching hospital was
performed. Patients with clinical stage I or II histologi-
cally confirmed endometrial cancer, who underwent
SLN mapping, were included. Patients with synchro-
nous cancer were excluded. 

All patients with histologically confirmed EC un-
derwent preoperative evaluation with Magnetic Reso-
nance imaging (MRI) of the pelvis to assess myometrial
and cervical invasion. Based on MRI and histopatho-
logical results, patients were preoperatively stratified
into three risk groups for recurrence (low, intermedia-
te, and high), as defined by the European Consensus
(2016)22 and the Portuguese Guidelines on Gynaeco-
logical Cancer (2020)23. High-risk group patients also
underwent positron emission tomography scan preo-
peratively to exclude extrauterine disease.

The study was approved by the local institutional
Clinical Research and Ethics Committee, with the num-
ber 033-2022.

Surgery
Surgery consisted of laparoscopic SLN mapping follo-
wed by total laparoscopic hysterectomy with bilateral
salpingo-oophorectomy in all patients. Preoperative in-
termediate and high-risk patients were also submitted
to pelvic ± para-aortic lymphadenectomy up to the le-
vel of the renal veins and omentectomy in serous EC
and carcinosarcoma, by laparotomy or laparoscopy.

Systematic LND was skipped in low-risk patients, ba-
sed on pre-operative evaluation by MRI, or due to low
performance status or high surgical risk.

For the SLNB, ICG was used as the tracer, which is
provided as 25mg of sterile powder. The powder was
diluted in 10 mL of sterile water. Then, prior to the in-
sertion of the manipulator and the beginning of the la-
paroscopy, ICG solution was slowly injected into the
cervix, with a 22-gauge needle, at the 3 and 9 o’clock
positions, superficially (3 mm) under the mucosa and
deeply (1 cm) in the cervical stroma. At each moment,
0,25 mL of solution was injected, for a total of 1 mL in
a concentration of 2,5 mg/mL.

Intraoperatively, fluorescence detection was perfor-
med using the EleVision™ infrared Platform, Medtronic®.
After peritoneal evaluation, NIR was activated to identi-
fy the tracer in the lymphatic channels, leading to one or
more lymph nodes. The identified SLNs were dissected,
removed into an endobag and fluorescence confirmed.

Histopathologic Evaluation
All SLNs underwent pathological examination using the
ultrastaging technique. Each SLN was sliced at 2 mm 
intervals and embedded in a paraffin block. Four pa-
raffin-embedded slides were created from each section,
250 µm apart. The slides were stained with Hematoxylin
and Eosin, and when negative, analyzed through immu-
nohistochemistry for pan-cytokeratin AE1/AE3 (Dako).

Metastatic disease was classified according to Ame-
rican Joint Committee on Cancer definitions in: isola-
ted tumour cells (single cells or clusters measuring 
≤ 0.2 mm), micrometastasis (focus of disease measu-
ring 0.2-2 mm) and macromestastasis (tumour burden
> 2 mm)24.

Statistical analysis
The primary outcome was the SLN detection rate (DR),
defined as the detection of SLNs in at least one hemi-
pelvis. The secondary outcomes included bilateral DR,
the evaluation of sensitivity, false negative rate, and NPV.

Patients who had mapping of at least one sentinel
lymph node were included in the sensitivity and NPV
analysis (per protocol). The sensitivity was defined as
the proportion of patients with node-positive disease
who had metastatic disease correctly identified in SLN.
The NPV resulted of the proportion of negative SLN
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for metastatic disease associated with negative non-sen-
tinel lymph node specimens.

Regarding the comparative analysis of lymph node
involvement, each patient served as her own control
regarding SLNB and lymphadenectomy results.

All statistical analyses were performed using IBM SPSS
Statistics V.26. The comparative analysis was performed
using Fisher’s exact test for categorical variables and by
Student’s T-Test, Mann Whitney and Kruskal-Wallis tests
for continuous variables, according to the normality test
results. Statistical significance was defined as p<0.05.

Descriptive data, including demographics, co-
morbidities, operative, postoperative, and pathologic
findings, are presented as mean ± standard deviation
(SD) and as median, [interquartile range (IQR), mi-
nimum – maximum], according to normality test re-
sults, for continuous variables and as frequency (per-
centage) for categorical variables, respectively.

RESULTS

During the study period, 59 patients with a diagno-
sis of endometrial cancer apparently confined to the

uterus were evaluated for SLN mapping. Three
patients with synchronous cancer (renal, ova-
rian, and lymphoma) were excluded, leaving 56
cases that met the inclusion criteria.

The mean patient age was 67.1±10.4 
years and the mean body mass index (BMI)
30.3±5.7 kg/m2. Two patients (3.5%) were pre-
menopausal and 22 (39.3%) had at least one
previous abdominal surgery. The clinical and
histopathological characteristics of the patients
are described in Table I.

Among the included patients, pre-operative
risk of recurrence was defined as low in 34 ca-
ses (60.7%), intermediate in 14 patients
(25.0%), and high-risk in 8 cases (14.2%).

The mean operative time was 233±65 minu-
tes and the mean estimated blood loss (EBL)
122±93mL. (Table II) Forty-five patients (91.8%)
had low-grade endometrioid EC and eleven
(19.6%) had high-grade cancer. (Table I) Most
patients (n=47, 83.9%) were diagnosed as stage
IA or IB on the final pathology report. (Table III).

After SLN mapping, systematic pelvic LND was per-
formed in 19 (33.9%) patients and para-aortic LND in
9 (16.1%) (Table III). Omentectomy was additionally
performed in five patients.

Mapping identified at least one SLN in 54 (96.4%)
patients. Bilateral mapping was achieved in 45 (80.3%)
cases and unilateral in 9 (16.1%). Of the 9 cases with
unilateral mapping, 2 patients had pelvic LND, ano-ther
2 had pelvic and para-aortic LDN, and 5 had only uni-

TABLE I. CLINICOPATHOLOGIC PATIENT CHARACTERISTICS.

Clinicopathologic patient characteristics n (%)
Age, mean ± SD, years 67.1±10.4
BMI, mean ± SD, Kg/m2 30.3±5.7
Prior abdominal surgery 22 (39.3)
Postmenopausal 54 (96.4)
Histologic subtype
Endometrioid carcinoma 49 (87.5)
Serous 3 (5.3)
Clear cell carcinoma 1 (1.8)
Carcinossarcoma 1 (1.8)
Mixed (2)

– Endometrioid + Serous 1 (1.8)
– Endometrioid + Clear Cell 1 (1.8)

Tumor FIGO Grade (endometrioid carcinoma)a

Low-grade (G1 and G2) 45 (91.8)
High-grade (G3) 4 (8.2)

Abbreviations: BMI, Body mass index; EBL, Estimated blood loss; FIGO,
International Federation of Gynecology and Obstetrics; SD, Standard
deviation. a The denominator was 49.

TABLE II. SURGICAL DATA.

Surgical data n (%)
Operative time, mean ± SD, minutes 233.7 ± 65.9
EBL, mean ± SD, mL 122.8 ± 93.7
Hospital stay after surgery, mean ± SD, days 3.1 ± 2.4
Surgical complications
Absent 51 (91.1)
Present 5 (8.9)

– Bowel injury 1 (1.8)
– Nerve injury 3 (5.3)
– Surgical wound infection 1 (1.8)

Abbreviations: EBL, Estimated blood loss; SD, Standard deviation;
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lateral SLN sampling without contralateral lymph node
evaluation. The latter 5 cases belong to the low-risk re-
currence group according to pre-operative evaluation.
Two cases with negative bilateral mapping were submit-
ted to pelvic LDN. None of them had LN metastasis.

Overall, 161 SLN were detected and retrieved,
with a mean (±SD) number per patient of 2.8
(±1.7). The most frequent location (Table IV) was
the obturator fossa (32.9%), followed by the ex-
ternal iliac (32.3%).

Metastatic lymph node involvement was identi-
fied in 6 cases (10.7%). Low-grade endometrioid
EC was the histologic subtype in 5 cases. One patient
had high-grade disease. Four of them were in the
low-risk preoperative group and had only bilateral
SLN mapping. Two patients had bilateral SLN map-

ping followed by pelvic and paraaortic LDN in one case.
The lymph node histopathological evaluation revealed
micrometastases in 4 patients and macrometastases in 2.

Seventeen patients underwent both SLNB and sys-
tematic pelvic and/or para-aortic lymphadenectomy.
Two of them had LN metastasis. In one case, the SLN
was the only positive node, and in the other one, me-
tastases were identified both in SLN and in pelvic LDN.
This leads to a sensitivity and NPV of 100%, with a 0%
of false negative rate (Table V).

We performed a comparative analysis between the
group of 34 patients at low-risk of recurrence who un-
derwent SLN mapping alone (group 1), and the 19 pa-
tients from the intermediate and high-risk groups that
underwent systematic lymphadenectomy after SLN
mapping (group 2) (Table VI). The demographic and
clinical characteristics (including age, prior abdominal
surgeries and comorbidities) were similar between
groups, except for BMI, which was higher in group 1
(median of 32.0 vs. 27.5 kg/m2, p=0.016). We found a
significant difference in operative time (median of 190
vs. 315 min, p<0.001) and hospital stay after surgery
(median of 2 vs. 3 days, p=0.001), with both being 
higher in group 2. However, there was no significant
statistical difference in EBL between groups. We noted
a higher incidence of adverse events in group 2 (21.1%
vs. 2.9%, p=0.010). The only surgical complication in
group 1 was bowel injury, and there were no adverse
effects related to the ICG injection (Table II).

DISCUSSION

This retrospective single-center study aimed to evalua-
te the accuracy and performance of SLNB using the 

TABLE III. POST-OPERATIVE CHARACTERISTICS.

Post-operative characteristics n (%)
Surgical
SLN detection
Any 54 (96.4)
Bilateral 45 (80.3)
Pelvic lymphadenectomy 19 (33.9)
Para-aortic lymphadenectomy 9 (16.1)
Lymph nodes removed
SLN, mean ± SD 2.5 (±1.7)
Pelvic, mean ± SD 11.1 (±3.8)
Para-aortic, mean ± SD 8.7 (±3.8)
Pathology
Lymph node metastases
Yes 6 (10.7)
No 50 (89.3)
Lymphovascular invasion
Yes 14 (25.0)
No 42 (75.0)
Depth of myometrial invasion
< 50% 35 (62.5)
> 50% 21 (37.5)
FIGO stage
IA 32 (57.1)
IB 15 (26.8)
IIIA 3 (5.4)
IIIC1 6 (10.7)

Abbreviations: FIGO, International Federation of Gynecology and
Obstetrics; SD, Standard deviation; SLN, Sentinel Lymph node.

TABLE IV. ANATOMICAL LOCATION OF SENTINEL LYMPH
NODES.

Anatomical location of Sentinel Lymph Nodes n (%)
External Iliac 52 (32.3)
Obturator 53 (32.9)
Common Iliac 11 (6.8)
Internal iliac 10 (6.2)
Not described 35 (21.7)
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cervical injection of ICG dye in endometrial cancer pa-
tients.

Our results confirmed the high accuracy of this tech-
nique, with a high overall and bilateral DR, 96.4% and
80.3%, respectively. Our favorable results are consis-
tent with several other series reported in the literature,
with overall and bilateral DR ranging from 86-100%,
and 71-90%, respectively12,25,26.

In fact, SLN mapping using the cervical injection of
ICG was associated with a higher bilateral DR and si-
milar anatomic lymph node distribution as the hyste-
roscopic dye injection27 but is easier to perform, ma-
king it the recommended alternative to systematic LND
by European and NCCN guidelines14,21.

In our study, lymph node metastases were found in
10.7% of the patients, which is consistent with what is
reported in the literature6, and all were identified by
SLN mapping. No paraaortic SLN were detected in our
study, which could be explained by the small sample

size. The presence of macrometatic SLN was concomi-
tant with non-SLN metastatic involvement.

Contrary to expected, most of the metastatic lymph
nodes were found in a low-risk group (4 of 6 cases),
and all of them were classified as micrometastases. The-
se metastases would have been missed if the classic pro-
tocol had been followed22. On the other hand, the in-
corporation of ultrastaging protocol was of great value
for identifying the low-volume metastatic disease, con-
sidering that 67% of lymph node metastases in our stu-
dy were micrometastases. All of them were identified
through SLNB in presumed low-risk patients, accoun-
ting for a prevalence of 11,7% (4/34) of metastasis in
this group. In fact, in a study from 2013, Ballester, et
al, also identified positive lymph nodes through SLNB
in 12,5% of presumed low-risk patients, with detec-
tion by ultrastaging of SLN metastases in 42,8% of pa-
tients, which would otherwise have gone undiagnosed
by conventional histology28.

In our centre, for the purpose of staging and adjuvant
therapy selection, micrometastases were considered as
lymphatic metastases, resulting in the upstaging of pa-
tients and prescription of adjuvant chemotherapy to im-
prove survival rates, as recommended by several stu-
dies29,30 and by ESGO, ESTRO and ESP guidelines 202021.

In our study, we achieved a sensitivity and NPV of
100%, with a false negative rate of 0% in a total of 17
cases. This was consistent with multiple previous re-
trospective and prospective studies, which reported

TABLE VI. COMPARATIVE ANALYSIS BETWEEN GROUP 1 AND 2.

Group 1 (n=34) Group 2 (n=19) p
Age, median (IQR; Min – Max) 65.0 (43; 49 – 92) 70 (39; 43 – 82) 0.121
BMI median (IQR; Min – Max) 32.0 (25; 20.1 – 45.4) 27.5 (16.6; 21.0 – 37.6) 0.016
Prior abdominal surgery, n (%) 15 (44.1%) 6 (31.6) 0.371
Comorbiditiesa, n (%) 21 (61.8%) 9 (47.4%) 0.311
Operative time, median (IQR; Min – Max), minutes 190 (170; 110 – 280) 315 (170; 185 – 355) <0.001
EBL, median (IQR; Min – Max) 80 (395; 5 – 400) 150 (350; 50 – 400) 0.059
Hospital stay after surgery, median (IQR; Min – Max), days 2 (13; 2 – 15) 3 (11; 2 – 13) 0.001
Adverse events, n (%) 1 (2.9%) 4 (21.1%) 0.010
Metastatic LN involvement, n (%) 4 (11.8%) 2 (10.5%) 0.891

a The comorbidities included diabetes mellitus, hypertension, metabolic syndrome, pulmonary obstructive chronic disease, coronary heart
disease and/or cardiac insufficiency.
Abbreviations BMI, Body Mass Index; EBL, Estimated Blood Loss; IQR, Interquartile range; LN, Lymphatic nodes.

TABLE V. SENSITIVITY AND NPV ANALYSIS.

LN + LN – Total
SLN + 2 0 2
SLN – 0 15 15
Total 2 15 17

Abbreviations: LN, Lymph node; NPV, Negative predictive value;
SLN, sentinel lymph node.
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sensitivities of 92.7- 100% and NPV of 99.0 -
100%11,12,25. These results are also in agreement with
European Society of Gynaecological Oncology quality
indicators for the surgical treatment of endometrial car-
cinoma31. These findings support the high diagnostic
accuracy of the SLNB algorithm for EC in detecting
lymph node metastases, sparing unnecessary systema-
tic lymphadenectomies.

The comparative analysis between the low-risk and
intermediate/high-risk group showed results similar to
those described by Cela V. et al,32 for SLN mapping with
ICG in robotic-assisted laparoscopic surgery and sug-
gest that SLN mapping with ICG is a safe procedure
that allows quicker surgery with fewer complications
and faster recovery for EC patients. Moreover, multiple
other studies have suggested a high incidence of intra-
and post-operative complications when lymphadenec-
tomy is performed (vs. SLNB)6,33. The ENDO-3 trial
(Phase III Randomised Clinical Trial Comparing Senti-
nel Node Biopsy With No Retroperitoneal Node Dis-
section in Apparent Early-Stage Endometrial Cancer –
ClinicalTrials.gov NCT04073706) will be the first trial
to define the incidence of adverse events, healthcare
system costs and health-related quality of life of SLN in
the surgical treatment of early endometrial cancer34.

To the best of our knowledge, this is the first study
to evaluate the performance of SLNB using ICG in Por-
tugal. We must recognize some limitations of our stu-
dy, including its small sample size and retrospective
single-institution analysis. The strengths rely on the
fact that all the surgeries were performed by the same
surgical team, minimizing possible discrepancies bet-
ween different surgeons, and the centralization of all
histology samples in the same pathology laboratory, re-
ducing the interobserver bias.

In conclusion, our study provides further evidence
to support the clinical application of SLN mapping with
ICG cervical injection, as previously demonstrated by
other studies. This method appears to be safe and 
effective in diagnosing lymph node metastases, with a
high detection rate and sensitivity. The incorporation
of an ultrastaging protocol is crucial for identifying low-
-volume metastatic disease, which is important for de-
termining definitive staging and adjuvant treatment. In
our study, this was especially important for the preo-
perative low-risk patients’ group.
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