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Abstract
Purpose  Side-specific systematic lymphadenectomy is suggested if sentinel lymph node (SLN) mapping failed in early stages 
endometrial cancer. This study aimed to evaluate the risk factors associated with failed mapping which may lead to modify 
SLN mapping technique, increase the success of SLN mapping and reduce the necessity of systematic lymphadenectomy.
Methods  Patients with early stage endometrial cancer were included in this study. All patients underwent SLN mapping 
with indocyanine green/near-infrared compatible surgical platforms. Indocyanine green was injected intracervical. “Bilateral 
mapping” and “failed bilateral SLN mapping (unilateral or bilateral failed mapping)” groups were compared for demographic, 
clinical, surgical, and pathological features.
Results  101 cases were analyzed. The overall, unilateral, and bilateral SLN detection rates were 94.1%, 19.8%, and 74.3%, 
respectively. The failed (unilateral or no mapping) bilateral detection rate was 25.7%. Failed bilateral mapping rates were 
higher in patients with longer cervical and uterine longitudinal lengths, deep myometrial invasion and larger tumor size 
without statistical significance. Body mass index and operation type were not related with failed mapping. Increasing number 
of operations or injection of larger volume of indocyanine green (4 mL vs. 2 mL) did not improve mapping rate significantly.
Conclusion  Cervical indocyanine green injection may overcome the negative effect of obesity on bilateral mapping. Although 
there was a negative correlation trend between the longitudinal cervical and uterine lengths and bilateral mapping, this pos-
sible relation needs to be confirmed in further studies.
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Introduction

Based on the growing literature on sentinel lymph node 
(SLN) biopsy in uterine cancer, it is well-known that SLN 
mapping can be a favorable option to assess lymph node 
status, and the use of SLN algorithm is suggested as an 
option to evaluate early stage endometrial cancer instead 

of systematic lymphadenectomy [1–5]. This approach can 
prevent surgical morbidities of systematic lymphadenec-
tomy and give accurate information about lymph node status, 
which is critical in deciding the type and extent of adjuvant 
treatment required.

The blue dye, technetium-99, or indocyanine green have 
been used as tracers for SLN mapping in endometrial cancer, 
and on achieving bilateral mapping, the SLN(s) are resected, 
and no further systematic lymph node dissection is needed—
according to the National Comprehensive Cancer Network 
SLN algorithm. However, if SLN mapping is not achieved in 
one hemipelvis, a side-specific lymphadenectomy should be 
performed. Despite the improvements in bilateral mapping 
rates with the use of indocyanine green [6, 7], the mapping 
fails in at least 20–25% of cases [8, 9] with a subsequent 
need for systematic lymphadenectomy. An analysis of these 
cases can be beneficial to understand the factors affecting 
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mapping failure, improve the SLN algorithm, and reduce the 
subsequent need for side-specific lymphadenectomy.

Therefore, the primary objective of our study was to 
report the detection rate of SLN using indocyanine green/
near-infrared fluorescent technology in endometrial cancer 
and determine the risk factors associated with mapping 
failure.

Materials and methods

This study included patients with clinical early stage uterine 
cancer who underwent SLN mapping algorithm using indo-
cyanine green/near-infrared fluorescent technology between 
April 2017 and October 2018. The institutional review board 
approved the study protocol, and informed consent was 
obtained from all the patients. Patients with extrauterine 
disease proven with preoperative clinical and imaging stud-
ies and any synchronous malignancy were excluded. Clinical 
early stage cancer was defined as a disease confined to the 
uterus.

A 25-mg vial of indocyanine green powder (Pulsion Med-
ical Systems, Feldkirchen, Germany) was diluted in 20 mL 
of saline and injected by the same author (ST) into the uter-
ine cervix at 3 and 9 o’clock locations [half deep (1 cm) and 
half superficial (3–4 mm)]. A total of 2- or 4-mL injection 
(1.25 mg/mL) was used in the 1:2 ratio consecutively to ena-
ble comparison of the different volumes of mapping failure. 
The dye was injected at a rate of approximately 10 s in each 
site. The endoscopic systems compatible with indocyanine 
green/near-infrared fluorescent technology were used in all 
surgeries (Spies Full HD D-Light P System, Karl Storz, Tut-
tlingen, Germany, for laparoscopic and open surgeries and 
the da Vinci Xi robotic platform, Intuitive Surgical, Califor-
nia, for robotic surgeries).

Surgical steps have been previously defined [10]. Briefly, 
the mapped SLNs were resected, and any suspicious lymph 
node was removed regardless of mapping. Subsequently, 
bilateral pelvic lymphadenectomies were performed if 
high-risk conditions for anesthesia did not exist. The indi-
cations for para-aortic lymphadenectomy were preoperative 
non-endometrioid histology, grade 3 endometrioid cancer, 
positive lymph nodes on intraoperative frozen section, or 
enlarged para-aortic nodes suspicious for malignancy.

Ultra-staging protocol for SLNs was implemented if the 
SLN was negative on initial hematoxylin–eosin staining as 
described in our previous reports [10]. Tumor foci larger 
than 2 mm in a lymph node were considered as macrome-
tastasis, whereas tumor foci of 0.2–2 mm were defined as 
micrometastasis. The tumor deposits of less than 0.2 mm 
were defined as isolated tumor cells.

The patients were allocated into two groups for the analy-
sis. The first group (bilateral group) included patients with 

successful bilateral SLN mapping with at least one SLN 
obtained from each pelvic side according to the final patho-
logic evaluation of the tissue labeled as SLN. The second 
group (failure group) included patients with failed bilateral 
SLN mapping (unilateral or bilateral failed mapping). The 
two groups were compared regarding their clinicopathologi-
cal features.

The medical data of patients were prospectively recorded 
during the study period. The data included parameters, such 
as age, menopausal status, body mass index (BMI), longi-
tudinal lengths of the cervix and uterus measured by the 
pathologist, type of surgery (laparoscopy, robotic, or open), 
amount of indocyanine green injected (2 or 4 mL), histologic 
type and grade of the tumor, presence and depth of myome-
trial invasion, presence of lymphovascular space invasion, 
tumor size, number of pelvic and para-aortic lymph node(s) 
removed, number of metastatic pelvic and para-aortic lymph 
nodes, status of lymphatic metastasis (isolated tumor cells, 
micrometastasis, or macrometastasis), stage of disease, and 
SLN detection status (bilateral, unilateral, or none). Addi-
tionally, the patients were allocated into four groups based 
on the timing of surgery as the sequential quarters of the 
cohort (first, second, third, and fourth quarters) to analyze 
the effect of experience on the mapping results.

Statistical analyzes were performed using Statistical 
Package for the Social Sciences software (version 23, SPSS 
Inc., Chicago, IL, USA). Descriptive data were presented 
as median (min–max) for continuous variables and as fre-
quency (percentage) for categorical variables. Chi-square 
test was used to analyze the intergroup differences in cat-
egorical variables, and the intergroup comparisons of con-
tinuous variables were performed using the Mann–Whitney 
U test based on the results of their normality tests. A p value 
of < 0.05 was considered statistically significant. Sensitivity, 
false negative rate, and negative predictive value were calcu-
lated to assess the performance of the SLN algorithm. As all 
metastatic SLNs must be positive for lymph node metastasis, 
specificity, positive predictive value, and the false positive 
rate could not be reported. True positivity was defined as 
a positive SLN or algorithm in a patient with lymph node 
metastasis.

Results

A total of 101 patients were analyzed. The median age 
of the patients was 58 years (range 38–80 years), and 
median BMI was 33 kg/m2 (range 21–49 kg/m2). Most 
of the patients had minimally invasive surgery (79.2%) 
either through the robotic (11.9%) or laparoscopic (67.3%) 
approach. The operation details are summarized in Table 1. 
The rate of achieving systematic pelvic lymph node dissec-
tion was 91.1% (pelvic only 48.5%, pelvic and para-aortic 
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42.6%). SLN dissection without systematic lymphadenec-
tomy was performed in 9 patients (8.9%). Atypical endo-
metrial hyperplasia was reported on final histopathologic 
evaluation in four patients who had endometrial cancer 
diagnosis prior to the surgery. Clinicopathological features 
of all patients are summarized in Table 1.

Tissues resected and labeled as SLN from five hemipel-
vises of different patients did not contain lymph node(s), 
and these hemipelvises were considered non-mapped. 
According to the final pathology, the overall SLN detection 
rate was 94.1% (n: 95), bilateral mapping rate was 74.3% 
(n: 75), unilateral mapping rate was 19.8% (n: 20), and 
bilateral non-mapping rate was 5.9% (n: 6). Eventually, the 

“bilateral group” included 75 patients (74.3%) and “failure 
group” included 26 patients (25.7%).

There was no statistically significant difference between 
the experience periods (first 25, 50, or 75 cases and the sub-
sequent cases) in terms of overall, unilateral, and bilateral 
SLN detection rates (p > 0.05). No significant difference 
between the 2 groups (bilateral vs. failure) was noted regard-
ing clinical and pathological features. Median values of uter-
ine and cervical lengths of the whole population were used 
for comparing failure rates. The failure rates were higher in 
patients with a cervical longitudinal length ≥ 35 mm com-
pared with < 35 mm (22.4% vs. 32.2%), uterine longitudinal 
length > 6 cm compared with ≤ 6 cm (19.6% vs. 30.7%), and 
in patients given 2 mL indocyanine green compared with the 
patients given 4 mL (30.6% vs. 22.6%). However, these dif-
ferences were not statistically significant. Age, BMI, stage of 
disease, menopausal status, and type of surgery were similar 
in 2 mL (n: 36) or 4 mL (n: 65) injected patients (p > 0.05 for 
each). Comparison of baseline characteristics of patients in 
terms of SLN detection status is shown in Table 2. Clinico-
pathological features of patients with bilateral non-mapping 
are explained in Table 3.

Lymph node metastasis was identified in 14 patients 
(13.8%), including 2 isolated tumor cells, 3 micrometasta-
ses, and 9 macrometastases. Para-aortic lymph node metas-
tasis was detected in four patients. Three of them had pelvic 
lymph node metastasis and one had an isolated para-aortic 
lymph node metastasis.

The SLN algorithm could detect 12 of the 14 lymphatic 
metastases. There were two false negative results. One of 
them was an isolated para-aortic lymph node metastasis, and 
the other was a non-SLN metastasis with tumor-free SLN 
obtained from the same hemipelvis. Eight of the 14 metas-
tases were seen in the SLNs, and only 1 of these 8 cases also 
had non-SLN metastasis, 4 of the 14 metastases were found 
in the non-mapped side, and 3 of them had suspicious nodes. 
Calculations were made among the patients who underwent 
systematic lymphadenectomy after SLN mapping algorithm 
steps (n: 92) and the false negative rate was 2.5%, negative 
predictive value was 97.5%, and sensitivity was 85.7%.

Discussion

In the current study, the overall, unilateral, and bilateral SLN 
detection rates were 94.1%, 19.8%, and 74.3%, respectively, 
and these rates are concordant with the previous reports 
[3–5, 11–13]. The failed (unilateral or no mapping) bilat-
eral detection rate was noted in 25.7% of patients, and these 
cases were compared with bilateral mapped cases to identify 
factors that may influence mapping failure.

There are differences between the studies in terms of the 
injected volume and dosage of indocyanine green. In various 

Table 1   Baseline characteristics of all patients

BMI body mass index, LN lymph node, SLN sentinel lymph node

Characteristics Values

Age (years), median, range 58 (38–80)
BMI, median, range 33 (21–49)
Menopausal status
 Premenopausal 12 (11.9%)
 Postmenopausal 89 (88.1%)

Operation type
 Laparoscopy 68 (67.3%)
 Laparotomy 21 (20.8%)
 Robotic 12 (11.9%)

Site of lymphadenectomy
 Pelvic only 49 (48.5%)
 Pelvic and para-aortic 43 (42.6%)
 SLN dissection only 9 (8.9%)
 Number of LNs removed, mean
 Number of pelvic LNs removed 20 (1–74)
 Number of para-aortic LNs removed 0 (0–53)

Lymphatic metastasis, n
 Macrometastasis 9
 Micrometastasis 3
 Isolated tumor cells 2

Stage
 IA 64 (63.4%)
 IB 11 (10.9%)
 II 3 (3%)
 IIIA 4 (4%)
 IIIC1 10 (9.9%)
 IIIC2 4 (4%)
 IVB 1 (1%)

SLN detection
 Bilateral mapping 75 (74.3%)
 Failure group 26 (25.7%)
 Unilateral 20 (19.8%)
 None 6 (5.9%)
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tumors, injection of large volume and low concentration of 
indocyanine green was demonstrated to be more success-
ful in SLN mapping [14]. In this study, the failed mapping 
rates were 30% and 22% for 2- and 4-mL injected volumes, 
respectively, albeit with the same concentration; however, 
no statistical significance was noted. A recent study also 
failed to demonstrate improvement in bilateral mapping rate 
in endometrial cancer by injecting different volumes and 
concentrations of indocyanine green (8 mL of 5 mg/mL vs. 
4 mL of 1.25 mg/mL) [15].

The tracer injection technique has already been defined, 
and it is almost standardized and similar for all cases. 
However, there may be several differences in the cervical 
structure of each patient. In this study, there was a nega-
tive correlation trend between the longitudinal cervical and 
uterine lengths and bilateral mapping with no statistical sig-
nificance. Although this relationship was not assessed pre-
viously, it was reported that there was no correlation with 
the previous conization or uterine/cervical surgical inter-
vention and bilateral mapping rates [8, 16]. Nonetheless, it 
is imperative to evaluate the effect of the cervical volume 
and structure (atrophic, big, etc.); injected tracer volume 
and dosage; injection speed and depth on bilateral mapping 
success. These evaluations can lead to the individualization 
of the injection procedure based on preoperative cervical 
measurements.

Obesity can hinder the migration of the tracer due to the 
fatty lymphatic channel basins and lead to mapping failure. 
Moreover, the retroperitoneum is too fatty and bloody in 
obese patients, and it can be difficult for the surgeon to detect 
an SLN. In a study conducted on 188 patients with early 
cervical cancer, higher BMI was associated significantly 
with failed bilateral detection [16]. However, no accurate 
data exists that can indeed demonstrate that obesity has a 
detrimental effect on bilateral mapping, typically when indo-
cyanine green is used. Tanner et al. [8] found that the failed 
mapping rate was higher in obese patients in their entire 
cohort using blue dye or indocyanine green. However, in 
the subgroup of patients on whom indocyanine green was 
used, the adverse effect of obesity on mapping was lost, and 
they suggested using indocyanine green in patients with 
BMI > 30 kg/m2. Additionally, we found that bilateral map-
ping rates became similar in obese and non-obese patients 
on using indocyanine green. Therefore, indocyanine green 
may overcome the negative effect of obesity on bilateral 
mapping. In our study, there was no negative effect on bilat-
eral mapping even in patients with BMI > 33 kg/m2. Use of 
indocyanine green in all our patients can explain the higher 
rates of bilateral mapping than Tanner et al.’s cohort (75% 
vs. 62%) [8].

A recent study found stage III or IV disease to be the 
only factor related to mapping failure [17]. Lymphatic 
metastasis was suggested as a possible cause for failed 

Table 2   Comparison of baseline characteristics of patients in terms of 
SLN detection status

BMI body mass index, ICG indocyanine Green, LVSI lymphovascular 
space invasion

Characteristics Bilateral
(n = 75)

Failure (unilateral 
or none) (n  = 26)

p

Age (years), mean 59.5 ± 10.21 60.5 ± 7.46 0.66
BMI 33.25 ± 5.92 35.15 ± 7.68 0.31
 BMI < 33, n 32 (78%) 9 (22%)
 BMI ≥ 33, n 36 (76.5%) 11 (23.5%) 0.87

Menopausal status
 Premenopausal 11 (91.6%) 1 (8.4%)
 Postmenopausal 64 (71.9%) 25 (28.1%) 0.18

Experience period
 1st quarter (n  = 25) 17 (68%) 8 (32%)
 2nd quarter (n  = 25) 21 (84%) 4 (16%) 0.6
 3th quarter (n  = 25) 18 (72%) 7 (28%)
 4th quarter (n = 26) 19 (73%) 7 (27%)

Cervical longitudinal size, 
mean

32.5 ± 7.1 34.9 ± 7.1 0.15

 ≤ 35 mm 52 (77.6%) 15 (22.4%) 0.43
 > 35 mm 19 (67.8%) 9 (32.2%)

Uterine longitudinal size, 
mean

5.9 ± 1.46 6.4 ± 1.25 0.1

  < 6 cm 37 (80.4%) 9 (19.6%) 0.21
 ≥  6 cm 34 (69.3%) 15 (30.7%)

The amount of ICG given
 2 mL 25 (69.4%) 11 (30.6%) 0.38
 4 mL 50 (76.9%) 15 (23.1%)

Operation type
 Laparoscopy 52 (76.4%) 16 (23.6%)
 Laparotomy 16 (76.1%) 5 (23.9%) 0.4
 Robotic 7 (58.3%) 5 (41.7%)

Histologic type
 Atypical hyperplasia 4 (100%) 0
 Endometrioid 62 (72.9%) 23 (27.1%) 0.48
 Non-endometrioid 9 (75%) 3 (25%)

Histologic grade
 Grade 1 37 (75.5%) 12 (24.5%)
 Grade 2 18 (66.7%) 9 (33.3%) 0.66
 Grade 3 16 (76.1%) 5 (23.9%)

LVSI
 Absent 56 (72.7%) 21 (27.3%) 0.83
 Present 15 (75%) 5 (25%)

Myometrial invasion
 Absent 9 (69.2%) 4 (30.8%)

  < 1/2 48 (76.2%) 15 (23.8%) 0.65
  > 1/2 14 (66.7%) 7 (33.3%)

Tumor size (cm) 27.6 ± 16.59 34.7 ± 16.86 0.08
Stage
 Early (I–II) 59 (75.6%) 19 (24.4%)
 Advanced (III–IV) 12 (63.1%) 7 (36.9%) 0.27
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mapping owing to the tumor cells that may obstruct the 
lymphatic channels and avoid the passage of the tracer 
to the lymph node. Although the rate of mapping failure 
was higher in advanced stage patients compared to the 
early stages, our study did not detect a statistically sig-
nificant difference. Furthermore, 8 of the 14 metastases 
were detected in SLNs that were not suspicious for metas-
tasis, and it may suggest that SLN mapping still works in 
the presence of low-volume metastasis. However, lymph 
node metastases were detected in three patients who 
had strongly suspicious lymph nodes for metastasis and 
enlarged lymph nodes, albeit with no SLN mapping.

There was no significant difference between the 2 groups 
(bilateral vs. failure) in terms of clinical and pathological 
features. These results are concordant with the previous 
reports [8, 17] and indicate that mapping failure may be 
related to injection, surgery technique, or other patient fea-
tures rather than histopathologic characteristics. By increas-
ing the number of operations during the study period, there 
was no change or improvement in bilateral mapping rate in 
our study. Our extensive experience of SLN mapping with 
blue dye may be an explanation for this result.

In our series, five SLN-labeled specimens were reported 
to be without a lymph node on final pathology. These cases 
constituted 20% of the failed mapping group (5/26). This 
type of mapping failure can hinder the appropriate applica-
tion of the SLN algorithm. In such instances, an intraopera-
tive frozen section examination was suggested to confirm 
the existence of a lymph node in the resected specimen [18].

This study is one of the few studies that investigated the 
factors related to mapping failure. The study population was 
homogeneous because it was a single center study and the 
same surgical team performed all the operations. Therefore, 
the patient-dependent factors could be analyzed indepen-
dently through surgical practices, including the cervical 
injection technique and intraoperative steps. Additionally, 
some new features that have a potential effect on failed map-
ping were evaluated in this study. However, the relatively 
small sample size and some missing data were probably the 
main reasons for the several statistically insignificant dif-
ferences noted regarding the clinical, histopathologic, and 
surgical features.

We have the following recommendations for future 
research to improve the success of the SLN algorithm: (1) 
assess the uterine and cervical structure preoperatively to 
individualize the injection technique; (2) use suitable tracer, 
optimal tracer volume and dose, precise depth and speed of 
the injection; (3) repeat the injection if SLN is not detected 
after the first injection [19] or perform a fundal injection 
if SLN is not detected after the cervical injection; and (4) 
evaluate the effect of using cervical and fundal injections 
alone or in combination on the mapping rates.

In conclusion, it seems that using cervical indocyanine 
green injection can overcome the negative effect of high 
BMI on bilateral mapping. A trend of inverse correlation 
was noted between increasing uterine and cervical longitu-
dinal lengths and bilateral mapping with no statistical sig-
nificance. Similarly, injection of 4-mL indocyanine green 
provided a higher bilateral mapping rate compared with 
2-mL injection with statistical insignificance. Further stud-
ies with larger sample sizes are required to confirm these 
results adequately.

Authors’ contributions  ST: Study design, writing, and approving the 
final version of the manuscript. ME Sari: Data analysis and writing 
of the manuscript. DA: Data collection and analysis. CCE: Data col-
lection and writing of the manuscript. AG: Data collection. SY: Data 
collection. DK: Editing the manuscript. FO: Editing the manuscript.

Compliance with ethical standards 

Conflict of interest  There is no conflict of interest.

References

	 1.	 Barlin JN, Khoury-Collado F, Kim CH et al (2012) The impor-
tance of applying a sentinel lymph node mapping algorithm 
in endometrial cancer staging: beyond removal of blue nodes. 
Gynecol Oncol 125:531–535

	 2.	 Kuru O, Topuz S, Sen S et al (2011) Sentinel lymph node biopsy 
in endometrial cancer: description of the technique and prelimi-
nary results. J Turk Ger Gynecol Assoc 12:204–208

	 3.	 Papadia A, Imboden S, Siegenthaler F et al (2016) Laparoscopic 
indocyanine green sentinel lymph node mapping in endometrial 
cancer. Ann Surg Oncol 23:2206–2211

Table 3   Clinicopathological features of patients with no sentinel lymph node detected (n = 6)

BMI body mass index, Cx Cervix, mL amount of ICG given in mL, L/S laparoscopy, L/T laparotomy, LVSI lymphovascular space invasion

BMI Experience period Operation type Cx Size mL Histopathology Lymphatic metastasis Grade LVSI Stage

Case 1 39 4. Quarter L/S 35 4 Endometrioid Absent 1 No IA
Case 2 27 4. Quarter L/T 20 2 Mixed Present (macro) 3 Yes IIIC2
Case 3 49 2. Quarter L/S 30 2 Endometrioid Absent 2 No IB
Case 4 33 4. Quarter L/S 35 2 Endometrioid Present (macro) 1 Yes IIIC1
Case 5 30 3. Quarter L/S 35 2 Endometrioid Absent 2 No IA



1672	 Archives of Gynecology and Obstetrics (2019) 299:1667–1672

1 3

	 4.	 Buda A, Bussi B, Di Martino G et al (2016) Sentinel lymph node 
mapping with near-infrared fluorescent imaging using indo-
cyanine green: a new tool for laparoscopic platform in patients 
with endometrial and cervical cancer. J Minim Invasive Gynecol 
23:265–269

	 5.	 Plante M, Touhami O, Trinh XB et al (2015) Sentinel node map-
ping with indocyanine green and endoscopic near-infrared fluo-
rescence imaging in endometrial cancer. a pilot study and review 
of the literature. Gynecol Oncol 137:443–447

	 6.	 Bodurtha Smith AJ, Fader AN, Tanner EJ (2017) Sentinel lymph 
node assessment in endometrial cancer: a systematic review and 
meta-analysis. Am J Obstet Gynecol 216:459.e10–476.e10

	 7.	 Darin MC, Gómez-Hidalgo NR, Westin SN et al (2016) Role of 
indocyanine green in sentinel node mapping in gynecologic can-
cer: is fluorescence imaging the new standard? J Min Invasive 
Gynecol 23:186–193

	 8.	 Tanner EJ, Sinno AK, Stone RL et al (2015) Factors associated 
with successful bilateral sentinel lymph node mapping in endo-
metrial cancer. Gynecol Oncol 138:542–547

	 9.	 How JA, O’Farrell P, Amajoud Z et al (2018) Sentinel lymph 
node mapping in endometrial cancer: a systematic review and 
meta-analysis. Miner Ginecol 70:194–214

	10.	 Taskin S, Sukur YE, Altin D et al (2017) Laparoscopic near-
infrared fluorescent imaging as an alternative option for sentinel 
lymph node mapping in endometrial cancer: a prospective study. 
Int J Surg 47:13–17

	11.	 Rossi EC, Kowalski LD, Scalici J et al (2017) Comparison of 
sentinel lymph node biopsy to lymphadenectomy for endometrial 
cancer staging (FIRES trial): a multicentre, prospective, cohort 
study. Lancet Oncol 18:384–392

	12.	 Hagen B, Valla M, Aune G et al (2016) Indocyanine green fluo-
rescence imaging of lymph nodes during robotic-assisted laparo-
scopic operation for endometrial cancer. a prospective validation 
study using a sentinel lymph node surgical algorithm. Gynecol 
Oncol 143:479–483

	13.	 Papadia A, Zapardiel I, Bussi B et al (2017) Sentinel lymph node 
mapping in patients with stage I endometrial carcinoma: a focus 
on bilateral mapping identification by comparing radiotracer 
Tc99m with blue dye versus indocyanin green fluorescent dye. J 
Cancer Res Clin Oncol 143:475–480

	14.	 Xiong L, Gazyakan E, Yang W et al (2014) Indocyanine green 
fluorescence-guided sentinel node biopsy: a meta-analysis on 
detection rate and diagnostic performance. Eur J Surg Oncol 
40:843–849

	15.	 Papadia A, Buda A, Gasparri ML et al (2018) The impact of dif-
ferent doses of indocyanine green on the sentinel lymph-node 
mapping in early stage endometrial cancer. J Cancer Res Clin 
Oncol 144:2187–2191

	16.	 Salvo G, Ramirez PT, Levenback CF et al (2017) Sensitivity 
and negative predictive value for sentinel lymph node biopsy 
in women with early-stage cervical cancer. Gynecol Oncol 
145:96–101

	17.	 Body N, Grégoire J, Renaud MC et al (2018) Tips and tricks to 
improve sentinel lymph node mapping with Indocyanin green in 
endometrial cancer. Gynecol Oncol 150:267–273

	18.	 Casarin J, Multinu F, Pasupathy K et al (2018) Frozen section for 
detection of lymph nodes after cervical injection with indocyanine 
green (ICG) for sentinel lymph node technique in endometrial 
cancer staging. Ann Surg Oncol 25:3692–3698

	19.	 Persson J, Geppert B, Lönnerfors C et al (2017) Description of 
reproducible anatomically based surgical algorithm for detection 
of pelvic sentinel lymph nodes in endometrial cancer. Gynecol 
Oncol 147:120–125

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Risk factors for failure of sentinel lymph node mapping using indocyanine greennear-infrared fluorescent imaging in endometrial cancer
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Results
	Discussion
	References




