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Abstract. Background/Aim: This report outlines our
experience in the management of 10 cases of low-risk
endometrial cancer with Indocyanine Green for sentinel
lymph node (SLN) mapping using the Pinpoint 30-degree 4K
S1 SPY real-time camera system (Stryker). This system offers
simultaneous, real-time, high-definition white light and
fluorescence imaging through a single laparoscope, without
the need to change camera filters. Patients and Methods: In
our retrospective case series we included all endometrioid
endometrial cancers of grade Gl and pre-operative
radiological staging FIGO 1A reported on magnetic
resonance imaging (MRI) that were treated laparoscopically
from October 2019 to April 2020. Results: Bilateral sentinel
lymph node excision was achieved in 9 out of 10 cases. In
one patient, one sentinel lymph node featuring a
micrometastasis of <2 mm was identified. Conclusion: A
specialist minimal access team can safely and reliably
reproduce this technique for sentinel lymph node excision.

Endometrial cancer is the most common gynaecological
malignancy and the incidence is rising (25% increase over
the last decade). This is grossly associated with an increase
in the prevalence of risks factors, mainly obesity, nulliparity
and an ageing population. Up to 34% of endometrial cancers
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are thought to be secondary to lifestyle and other external
factors, and are therefore potentially preventable (1, 2).

Unfortunately, more women are dying of the disease
despite improvements in overall survival (2, 3), due to the
impact of increased incidence of cases between the ages of
60 and 79 years; while the incidence among younger patients
has been relatively stable.

The low risk endometrioid (type 1) cancers are largely
caused by excess oestrogen, unopposed progesterone and
predominantly by obesity, which is the main driver for the
increasing incidence globally (3). Fortunately, these low-
grade cancers are normally caught early resulting in better
survival outcomes. On the other hand, the more aggressive
(type 2) endometrial cancers (serous, clear cell), although
less common than their endometrioid carcinoma (EEC)
counterpart, account for a disproportionate number of
endometrial cancer-related deaths (4).

Surgical management is still the mainstay for early-stage
endometrial cancer, consisting of at least a hysterectomy and
bilateral salpingo-oophorectomy. The laparoscopic route has
become the standard approach in recent years, since a large
number of trials have shown either equivalent or less intra-
operative complications, less blood loss and reduced hospital
stay (5). Moreover, it is oncologically safe to offer a
laparoscopic approach for managing endometrial cancer (6, 7).

Even though a lot of progress has been witnessed over the
last ten years on the treatment of early endometrioid
endometrial cancer, there is still a debate on what the surgical
procedure should involve, with some specialists advocating
only on a conservative approach (hysterectomy and bilateral
adnexectomy) and others a more radical approach comprising
removal of pelvic lymph nodes. The origin of this debate
stems from the usually low incidence of lymph node
involvement during early stages of endometrial cancer and
the debilitating morbidity of lymphadenectomy (8).
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Table 1. Patients demographics and lymph node characteristics.

Age BMI SLN Right SLN Left Anatomic location Grade (final Stage (final Duration of
(years) (No) (No) of SLNs pathology) pathology) the surgery
50 47 1 1 External iliac Gl 1A 150
44 31 3 1 External iliac Gl IA 120
49 23 1 1 External iliac Gl IA 100
52 30 1 1 Obturator fossa Gl IIC1 120
66 30 1 1 External iliac Gl IA 110
55 34 1 0 External iliac Gl TIA 130
53 32 1 1 External iliac Gl 1A 140
53 40 1 1 External iliac Gl IA 140
53 33 2 1 External iliac Gl 1A 120
55 34 2 1 External iliac Gl 1A 110

BMI: Body mass index; SLN: sentinel lymph node: EBL: Estimate blood loss.

Therefore, the concept of sentinel lymph node (SLN)
biopsy as opposed to a full node dissection has been
proposed for staging endometrial cancers by the European
Societies of Medical Oncology, Gynaecological Oncology,
Radiology & Oncology - (ESMO- ESGO- ESTRO)
Consensus Conference on endometrial cancer (9), that
supported the safety and efficacy of this technique. In any
case, the SLN concept is not new and has been standard
practice in cancers including melanoma, breast, and vulva,
for many years.

Recent developments in imaging technology provide
important real-time tools for intra-operative decision making.
Indocyanine Green (ICG) fluorescence is one such system that
involves injecting the fluorescent tracer ICG into the cervix,
which can then be seen draining through the lymphatics using
near infrared high intensity light cameras (10, 11).

Patients and Methods

In our retrospective case series, we describe the surgical steps of a
safe laparoscopic treatment for low-risk endometrial cancer, where
we proceeded with hysterectomy, bilateral salpingo-oophorectomy
and SLN excision, using the cervical ICG fluorescence injection and
the PinPoint fluorescence imaging technology from Stryker
(Kalamazoo, MI, USA).

Even though the ICG fluorescent system is not a new revelation
in clinical practice, yet the PinPoint technology was one of the first
camera systems that offered simultaneous, real-time, high-definition
white light and fluorescence imaging through a single laparoscope,
without the need to change camera filters.

Practically this means that when the PinPoint fluorescent filter is
activated, the surrounding tissues are seen with their natural colours,
while the SLN stains fluorescent bright green. This enables surgeons
to accurately visualize the pelvic anatomy and lymphatic tissue
perfusion during minimally invasive procedures, and in our study,
to highlight the SLNs while operating for endometrial cancer.

Inclusion criteria were: all grade G1 endometrioid endometrial
cancers, with a pre-operative radiological staging FIGO 1A reported
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on MRI or pelvic ultrasound, which were treated laparoscopically
from October 2019 to April 2020.

Overall, we identified and collected data from 10 cases after
database interrogation. Median age of the study population was 53
years (range=44-66 years), BMI was 33 (range=23-47 kg/m?2). All
patients in our hospital sign a written consent form and
concomitantly agree for their anonymised information to be
published for teaching and research purposes (Table I).

Moreover, the hospitals advisory board granted approval for this
publication and all patient identifiable information was handled in
a manner that ensured anonymity.

Technique. The ICG injection protocol was applied following the
Memorial Sloan Kettering SLN algorithm (12-14). The ICG
concentration used was 1.25 mg/ml. For each patient, a 5 mg vial of
ICG powder was diluted in 4 ml of NaCl 0.9% solution. A total of 4
ml of ICG solution is then injected slowly into the cervix at a rate
of 10 to 20 sec per site at the 3 and 9 o’clock position (1 ml deeply
and 1 ml superficially) after anaesthetic induction. None of our
patients developed any reaction to the dye during or after the
operation.

Following injection into the cervix, optimal detection of ICG will
occur between 15 and 60 min (15). Successful mapping of a
hemipelvis is defined by observing a channel leading from the cervix
directly to at least one candidate lymph node. If the hemipelvis does
not map, individualization of the management of the patient is
necessary. Options include no further lymphadenectomy on that side
(by practice or if the surgeon chooses to use the “Mayo criteria”) or
complete pelvic lymphadenectomy (16, 17).

In all cases, we carefully identified anatomical landmarks starting
with the paracervical vessels and the external iliac vessels utilising
the PinPoint optics system from Stryker. Then, with fine micro-
dissection techniques using bipolar scissors (Bissinger
Medizintechnik Teninger) and bipolar diathermy (Erbe Vio®3
Elektromedizin GmbH), we opened the peritoneal folds superficially
from the round ligament to the pelvic brim, identifying the ureters
bilaterally. Fifteen minutes after the cervical injection, we alternate
between the normal laparoscopic views and the fluorescence filter of
the PinPoint optics system, which allows for real-time observation
of the lymphatic channels on the pelvic sidewall. Deeper dissection
continues with careful identification of the obturator nerve and
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Figure 1. Right obturator fossa dissection. A: Pre indocyanine green (ICG) filter application. B: Post ICG filter application.

Figure 2. Right obturator SLN excision. A: Pre indocyanine green (ICG) filter application. B: Post ICG filter application.

collateral blood supplies arising from the internal and external iliac
vessels. In doing so, we are carefully developing the anatomical
spaces without damaging the lymphatic vessels, so that we limit the
chances that the SLN remains unstained and therefore, surgically
undetectable. We then proceed with the removal of the sentinel
lymph node en-bloc, which is stained green from the ICG, giving the
utmost attention to hemostasis and the sealing of all lymphatic ducts
to prevent leakage post-operatively. Out of 10 cases, we performed
bilateral SLN excision in 9 cases, and only on a single case was the
SLN identified only on the right side (Table I).

Results

The median number of SLNs per hemi pelvises removed was
2 [standard deviation (SD)=1-3]. The Reiffenstuhl lymph
node nomenclature (18) was utilized to define the SLNs
anatomic location. SLNs were most frequently located in the
external iliac vessels (21 nodes) on both sides. Two nodes
were identified on the obturator fossa (Figure 1A, B).

All the procedures were successfully completed
laparoscopically without conversion to open laparotomy. The
technique for lymph node excision did not add significant

intra-operative time, with a mean time of operation duration
of 124 min (range=100-150 min). The blood loss in all cases
was minimal (less than 50 ml) and no apparent intra-
operative complications involving the lymphovascular spaces
were identified (Table I).

All ten cases were carefully evaluated by our team
consisting of minimal access and gynae-oncology specialists,
as well as our specialist nurses, who followed the post-
operative progress of our patients, with specific focus on
post lymphadenectomy complications (lower limb lower
swelling, paraesthesia, lymphocysts and lymphorrhea).

None of our patients reported any significant lower limb
swelling necessitating the use of compression stocking to aid
in the management of lymphoedema or any persistent
vaginal discharge secondary to chyloperitoneum. In fact, the
postoperative satisfaction visual analog scores of the group
that underwent SLN excision were similar to a control group
that underwent simple hysterectomy and bilateral salpingo-
oophorectomy for a benign pathology during the same time
from our team, with no significant statistical differences on
the bowel, bladder and lower limb functions.

1035



in vivo 35: 1033-1039 (2021)

Figure 3. H&E staining of a micrometastasis (<2 mm) in a sentinel lymph node (x100).

Sentinel lymph node processing. Each SLN was sectioned
perpendicular to the long axis at 3 mm intervals. The sections
were then entirely submitted for routine processing and H&E
staining. When the initial H&E stains failed to reveal a
metastasis, further evaluation was considered. Specifically,
from each paraffin block, 4 levels at 200 um apart were
further processed with H&E and immunohistochemical
staining with Keratin AE1/AE3 at each level (9).

Only in one patient, one sentinel lymph node featuring a
micrometastasis of <2 mm was identified (Figures 2, 3 and
4). This detection resulted in an upstaging of the carcinoma
and further treatment of the patient with adjuvant chemo- and
radio-therapy (14) was performed. No macrometastases were
identified.

Discussion

This report outlines our experience in the management of low-
risk endometrial cancers with ICG fluorescence for SLN
mapping using the Pinpoint 30-degree 4K S1 SPY real-time
camera system (PinPoint Endoscopic Fluorescence Imaging
System, Stryker), which allows surgeons to have a better
intraoperative visualization of the lymphatic channels with the
aid of near infrared real-time fluorescence. Due to the lack of
convincing evidence, there is no international consensus in the
staging approach regarding low-risk endometrial cancers.
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In 2009, the ASTEC trial (19) did not identify any
therapeutic benefits for routine lymphadenectomy in early-
stage endometrial cancer. Consequently, even though there
are a few criticisms on the study design (i.e. quality control
of lymphadenectomy) (20), several centres now do not
routinely perform lymphadenectomy for early stage
endometrial cancer.

On the other hand, another retrospective study, ‘SEPAL’
(21), a year later, as well as previous case-control studies
(22, 23), have demonstrated significantly longer survival in
patients undergoing systematic pelvic and para-aortic
lymphadenectomy. It is unclear whether this was a direct
effect of dissection or a consequence of increased
identification of cases requiring additional treatment.

Given the above two opposite poles regarding
lymphadenectomy for early stage endometrial cancer and
acknowledging that metastatic spread of disease to the lymph
nodes is the most important prognostic factor for women
with endometrial cancer (24), the use of SLN excision may
represent a silver lining in the management of such cases
(25). Recent prospective and retrospective evidence supports
the use of SLN since there is increased detection of lymph
node metastasis with a low false-negative rate, when
compared with systematic lymphadenectomy (8, 26).

Consequently, both the National Comprehensive Cancer
Network NCCN and the Society of Gynaecological Oncology
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Figure 4. The same lymph node shown in Figure 3, stained immunohistochemically with Ker AEI/AE3 (x100).

SGO (27) support the role of SLN excision in the
management of women with endometrial cancer, even though
the absence of randomized studies comparing sentinel
lymphadenectomy with alternative strategies in the evaluation
of pelvic lymph nodes has been noted (14). Nevertheless, the
importance of low volume nodal metastases, which is
increasingly detected by enhanced pathological ultrastaging
of SLN, has been recently highlighted (28, 29).

In recent years, SLN mapping has received increasing
attention in cervical and endometrial cancers, with the aim
of minimizing treatment-related morbidity while maintaining
the benefit of surgical staging (30). There is growing
evidence nowadays that ICG with the use of near infra-red
laparoscopic optics provides a safe, reliable and feasible
alternative to the traditional methods for SN mapping, which
include the methylene blue dye and radiolabelled tracers
such as Tc-99m albumin nanocolloid that allows preoperative
imaging with planar scintigraphy and Single Photon
Emission Tomography/Computed Tomography (SPET/CT)
(31). As a technique, the ICG fluorescence offers the benefits
of time efficiency and superior lymph node detection rates
compared to the alternative methods mentioned above.

In our preliminary experience, SLN detection with ICG
fluorescence demonstrated a high detection rate (100%) with
bilateral mapping of 90%, which is in concordance with

other published studies (32-34). Unilateral SLN mapping
was observed in only one patient, which represents a 10%,
due to our small number of cases included. Moreover, this
technique compared to the traditional techniques described
above is less expensive and time consuming, since it
bypasses the need for nuclear medicine technicians and
expensive equipment. Furthermore, in the hands of an expert
minimal access team, it is a very safe, reliable and easily
reproducible technique for sentinel lymph node evaluation
for the management of early stage endometrioid endometrial
cancer. In our series we were able to demonstrate adequate
staging without significant extension of operative time or
peri-operative complications related to our technique.

Our retrospective study is limited by the small number of
patients included. Nevertheless, even with this small group
of patients, we were able to detect micrometastasis, which
was of significant importance for further management.

Conclusion

Unfortunately, our generation will witness a gradual rise in
low-risk endometrial cancers which, in most cases, will
present in early stages, where a complete surgical treatment
and SLN excision will confer maximum benefits to patients’
survival and quality of life.
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We advocate that the intra-operative use of ICG
fluorescence is a necessary weapon in our arsenal for the
proper management of such cases. Therefore, future surgeons
should participate and train with expert minimal access
teams in order to familiarize with the technology and adopt
such advanced techniques in their surgical repertoire.
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