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Introduction

Sentinel lymph node (SLN) mapping in endometrial 
cancer (EC) is now a widely accepted surgical staging 
strategy in uterine confined disease that offers accurate 
staging and tailored treatment strategies, simultaneously 
reducing the surgical extent and thereby minimizing the 
associated complications [1,2].

The sentinel node mapping technique along with open, 
laparoscopic and robotic approaches to  it have undergone 
refinement over past decade facilitating the use of NIR 
imaging in sentinel node assessment [3,4].

In gynaecologic oncology, SLN mapping with 
the use of indocyanine green (ICG) has been reported, 
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largely using the robotic systems. Consistent emphasis on 
the technique of the sentinel procedure and adherence to 
the sentinel algorithm is of paramount importance while 
recommending its use in properly selected cases, to reduce 
the complications as well as to impart adequate nodal 
staging information. Same principles apply to laparoscopic 
SLN mapping using ICG. It is a viable option, especially 
in LMICs where access to robot or its prohibitive cost 
are limiting factors. In the low resource settings, SLN 
mapping in EC with ICG, using the laparoscopic platform 
has been reported by only one institution [5].

We conducted a retrospective analysis of our 
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endometrial cancer patients who underwent laparoscopic 
staging with sentinel node biopsy using ICG dye with 
the aim to assess the detection rates and location of 
sentinel nodes, and the intraoperative and postoperative 
surgicopathological outcomes. 

Materials and Methods

This retrospective study was conducted in a tertiary 
care oncology centre, Amrita Institute of Medical Sciences, 
Kochi from April 2021 to March 2023. IRB approval was 
sought and obtained (IEC-AIMS-2023-GYNC-146).

Inclusion criteria
All cases of biopsy proven, apparent early stage 

(uterine confined) endometrial carcinoma that underwent 
laparoscopic staging with SLN mapping using the ICG 
dye, during April 2021 to March 2023, were included. All 
histological types were included, as long as the disease 
was confined to the uterus, clinically and on MRI. 

Prep workup 
All patients underwent MRI abdomen and pelvis to 

rule out any extra uterine disease, apart from routine 
preoperative workup. 

Surgical methods, including dye details
SLN mapping was performed with intraoperative 

cervical ICG injection. ICG was injected into the cervix 
submucosally (2-3 mm), and deep (1 cm) in the stroma at 
3 o’ clock and 9 o’ clock positions. ICG dilution used was 
1% (1 mg/ml). For obtaining this dilution, One vial of 25 
mg ICG powder AUROGREEN (Figure 1) was constituted 
with 4 ml sterile water, then 1 ml of this solution was 
diluted with 4 ml sterile water and 2 ml was used for 
superficial injection and deep injection each. 

Laparoscopic port placement was done. Laparoscopic 
surgery was performed with Stryker 1588 AIM high 
definition camera system, which has got an inbuilt 
NIR camera (Figure 2a). L10 light source enables to 
visualize standard white light as well as endoscopic Near 
Infrared wavelengths. SLN mapping was performed 
after indocyanine green (ICG) injection followed by 
fluorescence detection using Near Infrared Imaging 
(NIR) with enhanced real time visual assessment when 
ENV mode (Endoscopic near Infrared Visualization) is 
activated (Figure 2b).

Surgical staging began with peritoneal wash cytology 
and a thorough visualization of the pelvis and abdominal 
cavity to rule out any gross extra uterine disease. Further, 
SLN mapping was done after opening the paravesical and 
pararectal spaces (Figure 3a). The sentinel nodes were 
identified as the nodes located nearest to the uterus that 
showed a fluorescent green colour on the NIR camera 
(Figure 3b,3c). If a lymphatic channel leading up to a node 
was found but the node itself did not light up, it was still 
considered a sentinel node. Enlarged/suspicious looking 
nodes were excised irrespective of dye uptake. The para 
aortic and paracaval area was inspected for any dye uptake. 
All identified sentinel nodes were excised and retrieved 

in a glove bag. This was followed by Total Laparoscopic 
Hysterectomy (TLH) and bilateral salpingo-oophorectomy 
(BSO), with or without omentectomy/ omental biopsy 
as indicated. Side specific pelvic lymphadenectomy 
was performed in case of failed sentinel mapping as 
recommended by the NCCN SLN algorithm [6]. 

Excised SLN were sent to permanent histopathological 
analysis where a complete ultra staging was performed 
in all cases following Memorial Sloan-Kettering Cancer 
Centre’s protocol (MSKCC):i.e. cutting two adjacent 5-μm 
sections at each of two levels, 50-μm apart, from each 
paraffin block lacking metastatic carcinoma on routine 
H&E. At each level, one slide is stained with H&E and 
with immunohistochemistry (IHC) using anti-cytokeratin 
AE1/AE3 [7]. 

Demographic and clinicopathological details like 
age, BMI, ASA, preoperative biopsy, MRI findings, 
along with perioperative details like duration of surgery, 
details of mapped sentinel nodes, final HPR , duration of 
hospital stay and  postoperative complication details ; were 
collected from the prospectively maintained electronic 
medical records (EMR )system.

Statistical analysis
Demographic and clinicopathological characteristics 

were evaluated using the basic descriptive statistics. 
Overall and bilateral detection rates of the SLN mapping 
were calculated. To calculate overall detection rate the 
number of cases in which at least one SLN was identified  
was divided by the total number of procedures performed, 
and for bilateral detection rate  number of procedures in 
which at least one SLN was identified on each side of 
the pelvis was divided by the total number of procedures 
performed. Statistical analyses-were performed using MS 
Excel software using mean, median and average tools.

Results

A total of 194 cases of endometrial cancer were 
operated during the study period. 

Out of these, 32 (16.4%) underwent Open staging 
surgery, 82 (42.2%) underwent Robotic staging surgery, 
80 (41.2%) underwent laparoscopic staging surgery, and 
met the inclusion criteria for the present study.

Mean age in the present study population was 56.3 
years (range 29-79 years). Mean BMI was 29.09 kg/m2 
ranging from 15.9 kg/m2 to highest being 41 kg/m2. 
On preoperative anaesthesia assessment 4 (5%) patients 

Figure 1. Aurogreen Dye
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belonged to ASA (American Society of Anaesthesiologists) 
III, and 56 (70%) belonged to ASA II (Table 1).

Based on the preoperative MRI, 64 (80%) were stage 
IA and 16 (20%) were stage IB. 

Preoperative endometrial biopsy was low grade 
endometrioid carcinoma in 70 (87.5%) patients. Among 
the remaining 10 patients, we found grade 3 Endometrioid 
histology in 4 (5%), carcinosarcoma in 2 (2.5%) clear cell 
carcinoma in 1 (1.25%), serous carcinoma in 1 (1.25%), 
poorly differentiated in 2 (2.5%) (Table 1).

Based on P53 positivity, type II endometrial cancer 
was found in 11 (13.75%) patients preoperatively. Thus, 16 
(20%) belonged to high risk group based on preoperative 
assessment (Table 1).

Overall detection rate was 93.75 % (75/80) and 
bilateral detection rate was 92.5 % (74/80). At least one 
SLN was detected in 95.4% of cases (Table 2).

Bilateral sentinel mapping failure was observed in 5 
patients and 1 had unilateral failure. Among the patients 
with failed mapping, 5 were obese with BMI over 32. 
One patient had history of infertility and previous pelvic 
surgery, with extensive fibrosis around bilateral pelvic 
wall, probably leading to failed mapping. 

Out of 6 patients with sentinel mapping failure, 2 
belonged to High risk group, rest all were low risk group. 
Both had high grade lesion with <50% MI on preop 
assessment, and were converted to laparotomy.

All of these underwent side specific PLND and final 
HPR did not show nodal involvement.

The median number of SLNs removed was three 
(range 0–11).Total six patients underwent side specific 
PLND (Table 3).

Most common location of SLN was external iliac 
(40.8%). In 6.25 % (5/80) of cases, additional SLNs were 
identified in the common iliac region; whereas no isolated 
para-aortic SLN was detected (Table 2).

Mean blood loss was 20 ml (10-100 ml). Mean 
duration of surgery was 88.5 min (40-180 min) (Table 3).

No ICG injection-related complications were noted.  
One intraoperative complication occurred in form 
of bladder injury in a patient with previous multiple 
caesarean sections, which was identified intraoperatively 
and repaired. One patient had difficulty in micturition 
in immediate postoperative period attributed to urethral 
spasm which was managed with antispasmodics. No 
vascular/ nerve injuries occurred intraoperatively. Two 
patients had to be converted to laparotomy in view of 
obesity and inability to tolerate the trendelenberg position, 
making the laparoscopic surgery technically challenging 
(Table 3).

Mean duration of hospital stay was 2 days (range 1-4 
days).

Postop final histopathology identified stage IA in 63 
(78.75%) patients, IB in 14 (17.5%), Stage II in 2(2.5%) 
and Stage IIIC1 in 1 (1.25%) patient (Table 1).

Nodal micro metastasis was detected in one patient on 
ultra staging which was Endometrioid histology, grade 2, 
type I; with >50% MI on preop assessment.

On postoperative prognostic risk group assignment, 
the majority were in low risk group. 14 (17.5%) belonged 

Variable N=80
Mean age in years (range)

56.3
(29-79)

Mean BMI (kg/m2) (range)
29.09

(15.9-41)
ECOG performance status 
     0 73 (91.2)
     1 6 (7.5)
     2 1 (1.25)
ASA score
     I 20 (25)  
     II 56 (70)
     III 4 (5)
Co morbidities
     Hypertension 27 (33.75)
     Diabetes 30 (37.5)
     RHD/CAD 3 (3.75)
     CVA/Hemiparesis 2 (2.5)
     CLD/Hepatitis B 1 (1.25)
     Post covid 2 (2.5)
     Asthma 3 (3.75)
     EPTB 1 (1.25)
FIGO Stage
     IA 63 (78.75)
     IB 14 (17.5)
     II 2 (2.5)
     III 1 (1.25)
Pathology Type
     Endometrioid adenocarcinoma 70 (83.75)
     Serous carcinoma 1 (1.25)
     Clear cell carcinoma 1 (1.25)
     De differentiated/poorly differentiated 2 (2.5)
     Carcinosarcoma 2 (2.5)
     Endometrioid carcinoma with p53 positivity 4 (5)
Grade
     1 52 (65)
     2 17 (21.25)
     3 11 (13.75)
     P53 positive 11 (13.75)
Final prognostic risk groups
     Low risk 54 (67.5)
     Intermediate risk 3 (3.75)
     High intermediate 9 (11.25)
     High risk 14 (17.5)

Table 1. Patients’ clinicopathological and Demographic 
Features 
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to high risk group, 9 (11.25%) to High Intermediate risk 
group, 3 (3.75%) to Intermediate group (Table 1).

Only one patient who had grade 3 carcinoma in 
preoperative biopsy, was changed to grade 1 and risk 
stratified as low risk based on final HPR. One patient 
was upgraded from grade 1 to grade 3; high intermediate 
group based on final HPR.

Discussion 

The results of the present study suggest that 
laparoscopic SLN biopsy by use of cervical ICG injection 
can be effectively used after validating institutional 
sensitivity and false negative rates. This study was 
conducted after having validated the technique of SLN 
mapping using ICG and NIR imaging in our institution, 
in an earlier study [8]. The sensitivity of the procedure 
was 100 % and there were no false negatives. In another 
study in our institution, the average detection rate in our 
institution with radio colloid technetium 99m labelled 
sulphur colloid was 75 % with a sensitivity of 50 % [9]. 
ICG injection followed by NIR mapping gives a superior 
detection rate and sensitivity as shown in multiple studies, 

and is now the recommended mapping technique [6]. 
Some of the advantages conferred by ICG are higher 

sensitivity of SLN detection, low toxicity, and longer 
duration of visualization as it is mostly retained in vascular 
compartment without staining the parametrial tissue 
which is seen with blue dyes. Furthermore it does not 
require prior planning as with Tc 99 which also inherits 
risk of radiation exposure [10]. Although, a thorough 
knowledge of retroperitoneal anatomy and opening of 
avascular spaces remains a crucial step in SN biopsy, 
ICG allows the surgeon to visualize the lymph nodes 
through the peritoneum and thus may help in avoiding a 
wide dissection [11].

Mean age in the present study population was 56.3 
years (29-79 years) and mean BMI was 29.09 kg/m2 

ranging from 15.9 kg/m2 to 41 kg/m2. Further, one third 
of patients (33.75 %) had a BMI >30 kg/m2 (obese) in 
the present study. In a study by Andrea Papadia et al [4]
BMI ranged from (17.4–47) median being 27.2 kg/m2. 
Similarly, in a Japanese prospective study which aimed 
to analyse the detection rate and feasibility of SLNB in 
endometrial cancer, the mean age of patients taken for 
laparoscopy was 57.1 ± 11.2  and mean BMI being 23.7 
± 4.6 kg/m2 [1]. These findings suggest that laparoscopic 
route is able to extend the benefit of MIS to patients with 
obesity, which is commonly found in endometrial cancer 
patients.

The concentration of ICG used in this study was 1%, 
higher than the usual concentration of 0.5 % used in 
robotic surgery. Visualization of sentinel nodes during 
laparoscopy was found to be better with 1 % concentration, 
in our experience. There is no specific recommendation for 
the concentration of ICG, although according to a recent 
meta-analysis, a lower concentration of ICG may provide 

Variable N= 80 (%)
SLN detection rate 
Bilateral detection rate 74/80 (92.5 )
Overall detection rate 75/80 (93.75 )
SLN mapping failure  
Bilateral 5 (6.25)
Unilateral 1 (1.25)
Median number of SLN harvested per patient 3 (0-11)
Location of SLN N = 147 (%)

  Right hemi pelvis Left hemi pelvis
Obturator 35 (23) 15 20
Internal iliac 47 (31.9) 27 20
External iliac 60 (40.8) 33 27
Common iliac 5 (3.4) 3 2
Para aortic 0 0 0
Unusual sites 0 0 0
Number of patients with SLN metastasis 1 (1.25)
Empty packets found 3 (3.75)

Table 2. Sentinel Lymph Node Detection and Distribution and Metastasis 

BMI, Body mass index; ECOG, Eastern Cooperative Oncology Group; FIGO, Federation of Gynaecology and Obstetrics; ASA score, American 
Society of Anaesthesiologists score

Figure 2. (a), Stryker 1588AIM Camera Head. (b), L10 
Light source sytem.
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better performance of the SLN mapping [12].
The overall SLN detection rate was found to be 

93.75 % (75/80), and bilateral detection rate was 92.5 % 
(74/80) in the present study (Table 2).

Overall DR of SLN ranging from 80% to 100% 
reported by Bedynska etal [13], and similarly in 
a meta-analysis of 26 studies performed by Kang et al 
found a DR of 78% [11].

These results of this study are in keeping with other 
studies using laparoscopy suggesting that the detection 
rate depends on the performance of the dye rather than 
the robot [4].Following a meticulous injection technique 
for the deep and specifically the superficial injection 
is of utmost importance in accurate mapping [14,15]. 
Distribution of sentinel lymph nodes in the present study is 
comparable to other studies, most common location being 
External iliac in 40.8% cases, Internal iliac in 31.9 %, 
Obturator 23 %, Common iliac 3.4 % (Table 2).

The location of the sentinel nodes of our series was 
compared with the FIRES trial; The findings were as 
follows external iliac (40.8 %) vs. (38%), obturator 23% 
versus 25%, common iliac (3.4% vs. 8%), internal iliac 
(31.9% vs. 10%)(14) (Table 2). No presacral or paraaortic 
sentinel nodes were identified.

SLN mapping following MSKCC algorithm has 
a high rate of SLN detection, a high sensitivity for 
detection of metastasis and a low false-negative rate [13]. 
The importance of following the algorithm accurately, 
including removal of suspicious nodes irrespective of 
mapping, and complete lymphadenectomy in the event of 
failed mapping, cannot be emphasized enough. In an 
earlier study published from our institution, we also 
found that SLN mapping alone seems to have a limitation 
in detecting positive nodes especially in the high risk 
subtypes [2].

In our study, 87.5 % (n=70) patients had low grade 
endometrioid histology on preop endometrial biopsy. 
13.5 % (n=11) were found to have high grade histology, 
most of whom were high grade Endometrioid histology. 
Only the patients with apparent uterine confined disease 
on preoperative MRI were selected for sentinel mapping, 
80 % of whom had IA disease on MRI, and 20 % had IB. 
All patients have an IHC analysis on endometrial biopsy 
samples in our institution, which includes p53, and MSI. 
This helps us in a better preoperative selection of patients, 
excluding patients who might benefit from a complete 
lymphadenectomy. Eleven patients were found to have 
type II EC, preoperatively.

Rossi EC et al in SENTI ENDO trial has included 13%, 
Ballester M et al in FIRES trial 28% and Persson J et al in 
SHREC trial has included 49 % patients with high grade 
histological subtypes [14,16,17]. Results of the present 
study add to this literature.

The SHREC trial, which studied the high risk group, 
demonstrated a sensitivity to identify pelvic node 
metastasis of 100% with 95% bilateral mapping rate and 
98% sensitivity [17]. 

In present study only one patient was found to 
harbour micro metastasis in pelvic nodes, highlighting 
the importance of ultra staging. Out of 80 patients, 77 
(96.25%) were found to be stage I on final HPE. 12 (15%) 
patients fell into high risk category.

To identify patients with high grade EC with small 
volume metastases which can be done effectively with 
SLNB is crucial; since PORTEC 3 trial results have 
shown that these patients derive a survival benefit on 
adding adjuvant chemotherapy [18]. The incidence of 
low volume metastatic disease (LVMD) by ultra staging 
varies approximately from 3.8% to 19.7% [19]. However, 
the LVMD detected by ultra-staging accounts for almost 
50% of all lymph node metastases [20].

No ICG related adverse events were reported in present 
study. No nerve or vascular injury happened pertaining 
to laparoscopic nodal dissection. Intra and postoperative 
details as shown in the table are in concordance with 
laparoscopic surgery .This study demonstrated that SLNB 
with laparoscopy is associated with a shorter OR time and 
a lower complication rate compared with conventional 
nodal staging as shown in other studies [4].

Although the endometrial cancer staging using SLN 
mapping via mainly the robotic, as well as the laparoscopic 
route has been in practice for many years in the developed 
countries, in the low resource settings (LMICs), SLN 
mapping in EC with ICG, using the laparoscopic platform 
has been reported by only one institution [5]. Thus, the 
present study adds significantly to the existing literature 
regarding this aspect.

Strengths and Limitations
All the surgeries were done by a single surgeon, 

specializing in gynae oncology, allowing for uniformity. 
The surgical technique using the robotic platform, and 
the ultra-staging technique had already been in use in 
our institution for many years, hence it was a smooth 
transition to make from the robotic to the laparoscopic 

Figure 3. (a) Pelvic Spaces, Arrows Pointing at Sentinel 
Node Identified in Obturator Fossa. (b) Fluorescent Tract 
leading to sentinel node. (c) Excised Sentinel node.

Mean blood loss (ml) 50 (10 -200)
Mean duration of surgery (min) 88.5 (45-120)
Mean duration of hospital stays (days) 2 days (1-5 )
Median number of SLNs removed 3 (0-11)
Overall sentinel detection rate N (%) 75/80 (93.75)
Bilateral sentinel detection rate N (%) 74/80 (92.5)
Intraoperative complications N (%)
     Bladder injury 1 (1.25)
     Conversion to laparotomy 2 (2.5)
Postop complications 
     Urinary spasm 1 (1.25)

Table 3. Intraoperative Details
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route. The study is limited by its retrospective nature, and 
relatively smaller numbers.

In conclusion, SLN mapping is now established as 
an alternative to systematic lymphadenectomy for low 
grade, apparent uterine confined uterine cancer. Its scope 
continues to widen, with studies showing very high 
detection rates, and accurate staging information even in 
high risk histologies, when strict adherence to sentinel 
algorithm, and ultra staging protocols is followed. Long 
term survival data should be able to establish SLNB firmly 
even in high risk early stage EC as a standard of care.

Most centres in our country, as well as internationally, 
continue to use the robotic platform for performing SLN 
mapping. However, the lack of widespread availability of 
robotic equipment limits its use, especially in LMICs like 
India, and a number of other countries across the world. 
Our study aims to highlight that laparoscopy can enable 
the implementation of SLN mapping just as effectively, 
by adhering to meticulous injection technique, and the 
sentinel algorithm.

This research did not receive any specific grant 
from funding agencies in the public, commercial, or 
not-for-profit sectors.

The authors declare no conflict of interest.
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