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Abstract
Introduction Aim of the study is to evaluate the impact of different doses of indocyanine green (ICG) on the sentinel lymph-
node (SLN) mapping in endometrial cancer (EC).
Materials and methods A retrospective analysis of EC patients undergoing a laparoscopic SLN mapping at two institutions 
was performed. Two different injection protocols were used (protocol # 1: 5 mg/ml and a volume of 8 ml; protocol # 2: 
1.25 mg/ml and a volume of 4 ml). In every case, the injection was intracervical. The laparoscopic equipment adopted was 
the same among both institutions. Overall and bilateral detection rates (DR) and median number of retrieved SLNs were 
calculated. At uni- and multivariate analysis factors (including ICG dose) associated with DR and number of detected SLNs 
were investigated.
Results Overall, 168 patients were included. The overall and bilateral DR were 96.3 and 84.5%. Median number of removed 
SLNs was 3 (0–18). In 56% of the patients, a median number of 6 (1–93) non-SLNs (NSLNs) were removed. Seventeen 
(10.1%) patients had metastatic SLNs. At multivariate analysis, no factors were associated with bilateral DR. ICG dose was 
the only factor associated with number of removed SLNs at multivariate analysis.
Conclusion A larger dose of ICG is associated with a higher number of retrieved SLNs but not with an increased bilateral DR.
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Introduction

Lymph-nodal status is the most important pathologic fac-
tor driving prognosis and need for adjuvant treatment in 
endometrial cancer (EC) (Creasman et al. 1987). However, 
in patients who are postoperatively identified to be at low 
risk, lymph-nodal metastases and recurrences to the lymph 
nodes do not occur (Mariani et al. 2000). In these patients, a 
lymphadenectomy is not beneficial and only adds morbidity 

(Dowdy et al. 2012; Todo et al. 2013; Laufer et al. 2013). 
Patients have been triaged to a full lymphadenectomy based 
on frozen section analysis of the uterus with heterogeneous 
results (Papadia et al. 2009; Kumar et al. 2012; Morotti et al. 
2012; Sala et al. 2014).

Since the adoption of indocyanine green (ICG) as tracer, 
sentinel lymph-node (SLN) mapping has been proposed as 
a reasonable alternative to surgical staging in EC patients 
(Papadia et al. 2016a, 2017a; Rossi et al. 2017). Overall, 
ICG is user freindly and safe and seems to perform better 
than the other conventional tracers in terms of detection rates 
(Imboden et al. 2015; Papadia et al. 2017b; Buda et al. 2016; 
Ruscito et al. 2016).

ICG is not FDA approved for interstitial injection and 
the dose of tracer that has to be used to optimize the SLN 
mapping has not been investigated yet. A metaanalysis on 
ICG SLN mapping in various tumors has shown that low 
concentrations and large volumes of ICG seem to be associ-
ated with a better performance of the SLN mapping (Xiong 
et al. 2014). Different centers use different concentrations 
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and volumes of ICG for EC SLN mapping. The aim of the 
study was to compare the factors affecting laparoscopic SLN 
node mapping in EC between two institutions using different 
ICG concentrations.

Materials and methods

A retrospective analysis of all patients with EC or complex 
atypical hyperplasia (CAH) undergoing real-time laparo-
scopic ICG SLN mapping at the Department of Obstetrics 
and Gynecology, University Hospital of Bern, and Univer-
sity of Bern, Bern, Switzerland, and the Gynecologic Oncol-
ogy Unit, Department of Obstetrics and Gynecology, San 
Gerardo Hospital, University of Milano-Bicocca, Monza, 
Italy was performed. The surgeries were performed between 
December 2012 and April 2016 at the Department of Obstet-
rics and Gynecology, University Hospital of Bern, and Uni-
versity of Bern and between May 2014 and July 2016 at the 
Gynecologic Oncology Unit, Department of Obstetrics and 
Gynecology, San Gerardo Hospital. Patients with CAH were 
included in the study because of the documented high risk of 
harboring an EC (Morotti et al. 2012). Demographic, clini-
cal, and pathologic data were retrieved from an electronic 
database. The study was IRB approved. All patients signed 
informed consent.

At both institutions, the equipment used for the SLN 
mapping consisted in the SPIES Full HD D-Light P ICG 
technology (Karl Storz, GmbH &CO, Mittelstrasse, Tuttlin-
gen, Germany). Two different tracer injection protocols were 
adopted between the two institutions. In Bern, two vials of 
25 mg ICG powder  (Pulsion®) were suspended with 5 ml 
sterile water each to obtain a solution with a concentration 
of 5 mg ICG/ ml, and approximately 8 ml suspension were 
injected in the four cardinal quadrants of the cervix. Hence, 
a total dose of 40 mg of ICG were injected intracervically. 
In Monza, one vial of 25 mg ICG powder  (Pulsion®) was 
suspended in 20 ml of sterile water to obtain a solution with 
an ICG concentration of 1.25 mg/ml. Four milliliters were 
then injected into the cervix at the 3 and 9 o’clock for a total 
of 4 mg ICG.

The adopted surgical technique was similar between the 
two centers and has been previously described (Papadia et al. 
2017b). At the University of Bern, after having completed 
the total laparoscopic hysterectomy, the uterus was sent to 
frozen section and, based on the identification of tumor risk 
factors and clinical judgment, a laparoscopic pelvic lym-
phadenectomy (PLND) and/or paraaortic lymphadenectomy 
(PALND) was performed. At this institution, patients with 
type 2 EC, or with type 1 poorly differentiated and deeply 
invasive tumors, undergo both a PLND and a PALND. 
Patients with type 1 well-differentiated lesions confined to 
the inner half of the myometrium undergo an SLN biopsy 

only. All other patients undergo a PLND. At the San Gerardo 
Hospital, a full lymphadenectomy was performed in low risk 
cases after the completion of the learning curve in 2014 as 
a quality control after the introduction of the SLN mapping 
(Khoury-Collado et al. 2009). Thereafter, a full lymphad-
enectomy was performed in accordance to Memorial Sloan 
Kettering Cancer Center algorithm, or in high-risk patients 
and suspicious PET/CT for lymph-nodal metastases (Barlin 
et al. 2012; Signorelli et al. 2015).

Patients were staged according to the 2009 International 
Federation of Gynecology and Obstetrics classification 
after definitive histo-pathological analysis. Macro-, micro-
metastases, and isolated tumor cells (ITC) were defined as 
metastatic lesions of > 2 mm in size, between 0.2 mm and 
2 mm in size, and < 0.2 mm in size, respectively.

Fisher’s exact test was used to calculate the overall and 
bilateral detection rates of the SLN mapping. The overall 
detection rate was calculated by the number of procedures 
in which at least one SLN was identified, divided by the total 
number of procedures performed. The bilateral detection 
rate was calculated by the number of procedures in which 
at least one SLN was identified on each side of the pelvis, 
divided by the total number of procedures performed. Uni-
variate and multivariate analyses were performed to identify 
factors associated with bilateral detection rate and number 
of removed SLNs. Multivariable models were carried out 
for variables with a p value ≤ 0.25 in univariate analysis. p 
values ≤ 0.05 were considered statistically significant. Sta-
tistical analysis was performed using IBM-Microsoft SPSS 
version 22.0.

Results

Throughout the study period, 168 patients with a preopera-
tive diagnosis of CAH or EC were treated with a laparo-
scopic ICG SLN mapping, total hysterectomy, and bilateral 
salpingo-oophorectomy at both institutions. One-hundred 
and seven patients were treated at the Department of 
Obstetrics and Gynecology, University Hospital of Bern, 
and University of Bern, and 61 patients were treated at the 
Gynecologic Oncology Unit, Department of Obstetrics and 
Gynecology, San Gerardo Hospital, University of Milano-
Bicocca, Monza. Patients’ characteristics are summarized 
in Table 1. Briefly, median age of the patients was 64 years 
(range 29–89); median BMI of the patients was 26 kg/m2 
(range 15.4–50.8). The majority of the patients had grade 1 
or 2 endometrioid EC. Data on the SLN mapping are sum-
marized in Table 2. For the entire cohort, the median number 
of retrieved SLNs was 3 (0–18). The overall and bilateral 
detection rates for the SLN mapping were 96.3 and 84.5%. 
In 56% of the patients, additional lymph nodes other than 
the SLNs were removed. The median number of removed 
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non-SLNs (NSLNs) was six (range 1–93). Seventeen 
(10.1%) patients had metastatic SLNs and thirteen (7.7%) 
of the patients displayed metastatic disease in NSLNs. Two 
patients had false-negative SLNs.

ICG dose (1.25 mg/ml concentration and 4 ml volume 
vs 5 mg/ml concentration and 8 ml volume), tumor diam-
eter (< 2 vs ≥ 2 cm), lympho-vascular space invasion (LVSI) 
(positive vs negative), and BMI (≥ 35  vs < 35) were evalu-
ated for association with bilateral detection rate and number 
of removed SLNs. BMI was evaluated as a continuous vari-
able, whereas the other variables were evaluated as categori-
cal variables.

In the univariate analysis, for bilateral detection rate ICG 
dose, BMI and tumor diameter were considered significant 
and further analyzed at multivariate analysis. At multivariate 

analysis, none of the factors had statistical significance 
(Table 3). In the univariate analysis for number of removed 
SLNs, ICG dose, tumor diameter, and LVSI were considered 
significant and further analyzed at multivariate analysis. At 
multivariate analysis, ICG dose was the only factor associ-
ated with number of removed SLNs (Table 4).

Discussion

This is the first comparison evaluating how different con-
centrations and volumes of ICG influence laparoscopic SLN 
mapping in EC. In our cohort of patients, ICG SLN mapping 
resulted in very high detection rates and only two false-neg-
ative lymph nodes were recorded. These data correlate well 
with those previously published in other series and suggest 
that this technique can safely be adopted in clinical practice.

However, within ICG SLN mapping, it is unclear which 
factors are associated with a better outcome. Xiong et al, 
in a recent meta-analysis on detection rate and diagnostic 
performance of the ICG SLN mapping in various cancers, 
showed that a concentration of < 5 mg/ml and a volume of 
≥ 2 ml have higher diagnostic odds ratios, sensitivities and 
detection rates as compared to higher concentrations and 
lower volumes (Xiong et al. 2014). These results derive from 
multiple small series in which patients with various malig-
nancies including breast, gastric, and gynecologic cancers 
were included.

Table 1  Patients’ characteristics

CAH complex atypical hyperplasia, EMCA endometrial cancer, na 
not applicable, BMI body mass index, UPSC uterine papillary serous 
carcinoma, CCC  clear cell carcinoma

N = 168 (%)

Median age (range) 64 years (29–89)
BMI (range) 26 kg/m2 (15.4–50.8)
Grade
 na 3 (1.8)
 Grade 1 58 (34.5)
 Grade 2 64 (38.1)
 Grade 3 43 (25.6)

LVSI
 No 137 (81.5)
 Yes 31 (18.5)

Histology
 CAH 3 (1.8)
 Endometrioid 145 (86.3)
 UPSC 9 (5.4)
 CCC 5 (3)
 Carcinosarcoma 5 (3)
 Neuroendocrine 1 (0.5)

Tumor diameter
 < 2 cm 77 (45.8)
 ≥ 2 cm 91 (54.2)

FIGO stage
 na 3 (1.8)
 IA 109 (64.9)
 IB 21 (12.5)
 II 9 (5.4)
 IIIA 7 (4.2)
 IIIB 1 (0.6)
 IIIC1 10 (6)
 IIIC2 7 (4.1)
 IV 1 (0.5)

Table 2  SLN mapping

FN rate: false-negative rate, ITC: isolated tumor cells
a Patients undergoing NSLN biopsy as well as patients undergoing full 
pelvic and/or paraaortic lymphadenectomy

N = 168 (%)

Concentration and volume of ICG used
 1.25 mg/ml and 4 ml 61
 5 mg/ml and 8 ml 107

Detection rate
 Bilateral detection 142 (84.5)
 Unilateral detection 20 (11.9)
 Failed mapping 6 (3.6)

Median number of SLNs 3 (0–18)
Patients with SLN metastases 17 (10.1)
Number of patients undergoing NSLNs  biopsya 94 (56)
Median number of NSLNs 16 (1–93)
Patients with NSLN metastases 13 (7.7)
FN rate 2 (1.2)
Type of metastasis
 Macrometastasis 8 (4.8%)
 Micrometastasis 7 (4.2%)
 ITC 2 (1.2%)
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In our cohort of patients, we could not identify factors 
that significantly influence the bilateral detection rate. Other 
than the tracer adopted, BMI has been suggested to be a 
factor significantly affecting bilateral detection rate of sen-
tinel lymph-node mapping in uterine cancers (Tanner et al. 
2015; Eriksson et al. 2016). In the same series, however, 
ICG resulted in a better overall and bilateral detection rate 
as compared to blue dye. In our series, the relatively low 
median BMI of the cohort studied and the fact that SLN 
mapping was performed only with ICG as tracer may explain 
the discordance between our results and those reported by 
others.

The concentration and volume of ICG used was the 
only factor associated with the number of removed SLNs. 
A higher concentration and volume of ICG was associated 
with a larger number of removed SLNs. These results are 
in line with those recently published by Persson et al. who 
have shown that the intracervical reinjection of ICG sig-
nificantly improves the bilateral detection of the upper and 
lower paracervical lymphatic pathways (Persson et al. 2017). 
Interestingly, the reinjection of the tracer was not associated 
with a significant increase in bilateral detection rate (neither 
in normal weight nor in obese patients), as this was already 
very high after the first injection, but only with the bilateral 
identification of both the lower and upper paracervical path-
ways resulting in a high number of retrieved SLNs. If con-
firmed by further studies, a larger volume and concentration 

of ICG might be helpful in optimizing the SLN mapping in 
EC patients.

On the other hand, when adopting larger volumes and 
concentrations of ICG, care must be taken to avoid a “dye 
overload” with a rapid staining of the efferent lymph nodes 
downstream of the SLNs, resulting in a larger number of 
removed lymph nodes which may include SLNs and mis-
labeled efferent lymph nodes. When performing a SLN 
mapping, it is crucial to remove all the SLNs draining an 
independent lymphatic vessel to avoid missing a metastatic 
one. Although not incorrect from an oncologic perspective, 
sampling additional lymph nodes other than the true SLNs 
may reduce the benefit in terms of morbidity that the SLN 
mapping has over a systematic lymphadenectomy, especially 
considering that a larger number of SLNs does not seem 
to significantly improve the false-negative rate of the SLN 
mapping (Papadia et al. 2016b).

Even though at least part of the information on the SLN 
mapping has been recorded prospectively, the  retrospective 
nature of this study represent a weakness. Furthermore, we 
cannot rule out that differences in surgical technique between 
the two centers may be responsible for the recorded results. 
However, at both institutions, the surgeries were performed 
by dedicated gynecologic oncologists with experience both 
in minimally invasive surgery and in SLN mapping. In addi-
tion, these data refer to SLN mapping protocols that adopt an 
intracervical injection of the tracer and may not necessarily 

Table 3  Univariate and 
Multivariate analysis factors 
associated with Bilateral 
Detection rate (All patients, 
n=168)

Multivariable models were carried out for variables reporting a p value ≤ 0.25 in the univariate analysis

Bilateral detection (yes/no)

Univariate analysis Multivariate analysis

OR (95% CI) p OR (95% CI) p

Age (< 64 vs ≥ 64) 1.37 (0.54, 3.45) 0.49
BMI (≥ 35 vs < 35) 0.44 (0.15, 1.29) 0.13 0.34 (0.11, 1.07) 0.066
Tumor volume (≥ 2 vs < 2 cm) 1.34 (0.54, 3.33) 0.52
LVSI (positive vs negative) 0.73 (0.15, 3.45) 0.69
ICG concentration (5 vs 1.25 mg/ml) 2.2 (0.88, 5.52) 0.09 2.64 (1.01,6.92) 0.048

Table 4  Univariate and 
Multivariate analysis factors 
associated with SLN number 
(All patients, n=168)

Multivariable models were carried out for variables reporting a p value ≤ 0.25 in the univariate analysis

Number of lymph nodes (≥ 3 vs < 3)

Univariate analysis Multivariate analysis

OR (95% CI) p OR (95% CI) p

Age (< 64 vs ≥ 64) 1.46 (0.76, 2.81) 0.25 1.61 (0.79, 3.29) 0.18
BMI (≥ 35 vs < 35) 0.78 (0.32, 1.87) 0.58
Tumor volume (≥ 2 vs < 2 cm) 1.26 (0.65, 2.42) 0.48
LVSI (positive vs negative) 1.88 (0.67, 5.26) 0.22 2.04 (0.67, 6.23) 0.2
ICG concentration (5 vs 1.25 mg/ml) 4.75 (2.32, 9.72) 0.001 4.9 (2.37, 10.1) 0.001
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apply when the tracer is injected hysteroscopically (Ditto 
et al. 2015). Strengths of the study include the large number 
of patients included and the comparison between two stand-
ardized SLN mapping protocols. ICG is FDA approved for 
intravenous use and the interstitial injection adopted for sen-
tinel lymph node mapping is an off-label one. Consequently, 
the amount of tracer used is empirically determined. This is 
the first study analyzing the influence of the injected dose of 
ICG on the performance of the SLN mapping.

In conclusion, we have demonstrated that a higher con-
centration and volume of ICG does not improve bilateral 
detection rate of SLNs during laparoscopic SLN mapping 
in EC, but is associated with a larger number of retrieved 
SLNs. Further studies may be helpful in determining the 
optimal dose of ICG to be adopted for SLN mapping in EC. 
We could not identify any factors that significantly influence 
the rate of successful bilateral mapping.
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