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Introduction

Sentinel lymph node (SLN) mapping was first described 
in penile cancer by Cabanas (Cabanas 1977). Since then it 
has become standard of care in the surgical management of 
melanomas, breast and vulvar cancer where it has replaced a 
systematic lymphadenectomy for staging purposes (Morton 
et al. 2006; Veronesi et al. 2003; Van der Zee et al. 2008; 
Johann et al. 2008).

In the past decade, a significant amount of research has 
been performed in the attempt to apply the SLN mapping as 
opposed to a full lymphadenectomy in patients affected by 
uterine malignancies. Through the identification of the first 
lymph node draining the tumor, the SLN mapping has been 
proven to reduce surgical morbidity and improve detection 
of metastatic disease at the same time. This is of particular 
interest in endometrial cancer (EMCA) patients, who are 
at relatively low risk of having extrauterine spread of the 
disease, are typically obese and affected by multiple comor-
bidities (Papadia et al. 2006). The adoption of minimally 
invasive surgical techniques has led to a reduction in surgi-
cal morbidity in these patients; however, complications such 
as lymphocysts, lower extremity lymphedema still occur 
as a result of the pelvic and paraaortic lymphadenectomy 
(Papadia et al. 2004; Walker et al. 2009). Furthermore, two 
randomized controlled trials have demonstrated that the sys-
tematic lymphadenectomy does not have a therapeutic effect 
in EMCA patients (Benedetti Panici et al. 2008; ASTEC 
study group 2009). Despite these results, pathological lymph 
nodal status is of utmost importance in EMCA patients. 
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Even though the presence of intrauterine risk factors are 
at times per se considered sufficient to indicate an adjuvant 
treatment, patients for whom the lymph nodal status is path-
ologically known and negative are less frequently subjected 
to adjuvant therapy as compared to EMCA patients with 
unknown lymph nodal status (Simpkins et al. 2013; Bogani 
et al. 2014; Sharma et al. 2011).

As opposed to a model in which EMCA patients are tri-
aged to a systematic lymphadenectomy based on uterine 
pathologic risk factors identified at frozen section analysis, 
SLN biopsy seems to be a more reliable and less morbid 
solution (Sala et al. 2014; Papadia et al. 2009; Morotti et al. 
2012; Laufer et al. 2013; Sinno et al. 2016; Papadia et al. 
2017b). Currently, SLN mapping is not considered stand-
ard of care worldwide. According to the National Com-
prehensive Cancer Network guidelines, it is considered an 
acceptable alternative to a systematic lymphadenectomy 
in selected cases since 2014, whereas according to the 
ESMO–ESGO–ESTRO consensus conference, it should only 
be offered in the setting of clinical trials (NCCN guidelines 
2017; Colombo et al. 2016). Recently, a large multicenter 
prospective validation trial, the FIRES trial, proved the SLN 
mapping to be a safe procedure with a false-negative rate 
that is comparable to the one recorded in breast and vulvar 
cancer (Rossi et al. 2017). We believe that the results of this 
trial represent a solid piece of clinical evidence that will help 
tilt the European guidelines towards the acceptance of this 
procedure in clinical practice (Papadia et al. 2017a).

When performing an SLN mapping, a variety of tracers 
with different characteristics can be used. The aim of this 
review is to compare the tracers adopted for SLN mapping 
in patients with EMCA.

Tracers

The most commonly used traces for SLN mapping in EMCA 
patients include technetium-99 radiocolloid (Tc-99m), blue 
dyes and indocyanine green (ICG), alone or in combination.

Tc‑99m

Tc-99m is a metastable isomer that was first isolated in 1938 
by Segrè and Seaborg and has become the most commonly 
used medical radioisotope in various diagnostic procedures 
since its clinical application in the 1960s (Segrè and Seaborg 
1938; Richards et al. 1982). Tc-99m is obtained from a gen-
erator and decays by isomeric transition emitting almost only 
-rays of 140 keV. It has a half-life of approximately 6 h and 
the complete transition to Tc-99 occurs in 24 h. This short 
half-life allows for diagnostic procedures by keeping the 
total patient and staff exposure low.

After an interstitial injection, Tc-99m is taken up and 
travels in the lymphatic vessels to the SLNs where it tends 

to remain without moving to the echelon nodes and where 
it decays emitting -rays until the transition to Tc-99 is com-
pleted. The signal is identified by a gamma probe that is 
introduced through one of the laparoscopic trocars (Fig. 1). 
Therefore, in a typical laparoscopy in which three ancillary 
trocars are used, the 12-mm trocar will be occupied by the 
gamma probe leaving only two 5-mm ancillary trocars for 
the other laparoscopic instruments. Since Tc-99m does not 
stain the SLNs with a color and the detection of these relies 
only on the audiometric signal of the gamma probe that iden-
tifies the emitted -rays, a lymphoscintigraphy is performed 
after interstitial injection to detect the number of SLNs and 
to locate them (Fig. 2). Alternatively, it has been proposed 
to perform a SPECT–CT scan. The SPECT–CT fuses the 
radioactive information obtained via lymphoscintigraphy 
with the anatomic information obtained with a CT scan. As 
a result, the radioactive SLNs can be located anatomically 

Fig. 1  With the laparoscopic gamma probe the “hot” SLN is local-
ized through an audiometric signal. The probe is inserted in the abdo-
men through a 12-mm trocar

Fig. 2  Lymphoscintigraphy showing bilateral tracer migration after 
intracervical injection of Tc-99m
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with a greater precision (Fig. 3). It has been suggested that 
performing a SPECT–CT after the injection of Tc-99m 
improves overall and bilateral detection rates of the SLN 
mapping and helps to identify SLNs located in unusual ana-
tomic sites (Elisei et al. 2017).

Typically, Tc-99m is injected without anesthesia the day 
prior to surgery in a radio-protected ambulatory setting. One 
to 3 h after injection a lymphoscintigraphy or a SPECT–CT 
is performed. Alternatively, the radiotracer is injected 6 h 
prior to surgery and the preoperative imaging is performed 
30 min later. It has also been proposed to inject the tracer 
intraoperatively after general anesthesia has been induced. 
In this case preoperative imaging is omitted and the iden-
tification of the SLNs relies only on the audiometric signal 
obtained intraoperatively by the gamma probe.

The injected dose of radioisotope is calculated based on 
the estimated time that will intercur to the surgery, the longer 
the interval the higher the dose in order to guarantee that the 
signal will still be detected. This leaves relatively little room 
for flexibility in the surgical schedule and if the planned 
surgery has to be delayed a few hours or to the next day for 
logistic issues, the decay of TC-99m may compromise the 
effectiveness of the SLN mapping.

Blue dyes

Blue dyes include methylene blue, isosulfan blue (ISB) and 
patent blue. Methylene blue was first prepared in 1876 and 
has been described as the first fully synthetic drug used in 
medicine (Friedlaender 1888). ISB is a greenish blue color 
hygroscopic powder that is suspended in sterile water to 

obtain a 1% solution. Patent blue is a dark bluish synthetic 
dye used as a food coloring. It is characterized by a very 
deep color even at a low concentration and fades quickly 
when exposed to light.

Following interstitial administration, these dyes bind to 
serum proteins, are picked up by the lymphatic vessels and 
travel to the SLNs which become stained with a blue color 
in about 5–10 min (Fig. 4a, b). This method is very simple 
as it relies on a visual identification of the SLNs and does 
not require any dedicated equipment. After having stained 
the SLNs, the dyes quickly travel further along the lymphatic 
system and stain second-echelon non-SLNs. It becomes cru-
cial to identify the SLNs at the beginning of the procedure 
before the dye fades away or travels to non-SLNs. The accu-
racy of these three different blue dyes for SLN mapping in 
breast cancer has been shown to be equivalent (Varghese 
et al. 2008; Blessing et al. 2002; Golshan et al. 2006).

Fig. 3  SPECT–CT showing bilateral tracer migration and anatomic 
location of the SLNs after intracervical injection of Tc-99m

Fig. 4  a SLN mapping with blue dye. After injection in the cervix 
the tracer is taken up in the lymphatic vessels. The bluish stained 
lymphatic vessel can easily be visually identified. b Through the 
lymphatic vessels the blue dye reaches the SLN within 10 min from 
injection
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Indocyanine green (ICG)

ICG was developed by Kodak as a dye to be used in pho-
tography in the 1950s. After its FDA approval for intrave-
nous administration in 1956, it has been used in medicine 
and has been widely adopted in ophthalmology for retinal 
fluorangiographies. ICG are small particles that show diffuse 
fluorescence after excitation by near-infrared light (NIR) 
(700–900 nm) with the aid of dedicated optical systems. 
Optical systems have been developed by various companies 
and can be used in laparotomies and in minimally invasive 
surgeries (both laparoscopic and robotic). ICG binds to 
plasma proteins and is excreted by the liver. ICG powder is 
suspended in sterile water to a greenish solution. After elici-
tation with a NIR light, a strong blue fluorescent signal is 
emitted (Fig. 5a, b). After interstitial injection, ICG is picked 
up by the lymphatic system and travels rapidly to the SLNs. 
Unlike Tc-99m it does not remain confined to the SLNs, but 
travels further to second-echelon non-SLNs without fading 
away. It is crucial to start the search of the SLNs rapidly 
after its administration in order to reduce the risk of sample 
too many lymph nodes. Similarly as when utilizing a blue 
dye, the identification of the SLNs is visual via identifica-
tion of a colored lymph node. Through the elicitation of 
the fluorescent signal of the ICG tracer, the signal becomes 
very strong, almost “bully”. Its use has also been described 
via hysteroscopic peritumoral injection (Ditto et al. 2015; 
Martinelli et al. 2017).

Learning curves

In EMCA patients undergoing SLN mapping with blue 
dyes and Tc-99m, high SLN detection rates and low false-
negative rates can be achieved after a surgical volume of 30 
cases (Khoury-Collado et al. 2009). In our series, having 
performed more than 20 procedures decreased the number 
of retrieved SLNs without negatively affecting the false-
negative rate, suggesting that after 20 procedures the SLN 
mapping becomes more precise (Papadia et al., 2016a). 
From other settings, such as gastric cancer, it seems that the 
NIR-ICG SLN mapping may be characterized by a some-
what shorter learning curve (Takahashi et al. 2017). It can 
be speculated that the learning curves for the SLN mapping 
in EMCA are likely the same regardless of the tracer used. 
When comparing operating (OR) time and SLN biopsy OR 
time, these were equivalent in patients undergoing SLN 
mapping with blue dye or ICG (Eriksson et al. 2017).

Given the paucity of the data in the EMCA literature, in 
a recent Society of Gynecologic Oncology (SGO) literature 
review and consensus recommendations, it was suggested to 
adopt the American Society of Clinical Oncology (ASCO) 
guidelines for application of the SLN mapping in breast 
cancer in EMCA as well (Holloway et al. 2017a; Lyman 

et al. 2005). A full lymphadenectomy should be performed 
after SLN mapping in the first 20 cases to control for detec-
tion rates and false-negative rates. This number should be 
higher in low-risk patients with a low risk of lymph node 
metastasis.

Toxicity profile and allergic reactions

The three types of tracers have different toxicity profiles 
and risks of adverse reactions (Table 1). Although radia-
tion doses vary depending on the dose of Tc-99m injected, 
overall radiation exposure to the patient is small. Adverse 
allergic reactions to radiopharmaceuticals are rare with an 
estimated incidence of 1/100,000 and 6/100,000 (Cordova 
et al. 1984).

Fig. 5  a Laparoscopic view of the pelvis after intracervical injec-
tion of ICG and prior to activation of the NIR illumination. b Lapa-
roscopic view of the pelvis after intracervical injection and activation 
of the NIR illumination. The fluorescent signal is strong and can be 
appreciated through the peritoneum. Both the periurethral and the 
periuterine lymphatic drainage system can be seen
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Severe allergic and anaphylactoid reactions to blue dyes 
are relatively common with a reported incidence of 0.7–1.9% 
(Albo et al. 2001; Cimmino et al. 2001; Hirsch et al. 1982; 
Leong et al. 2007; Montgomery et al. 2002). Based on their 
severity they have been classified in three grades:

• Grade 1: urticaria or blue hives, pruritus, and/or a gener-
alized rash;

• Grade 2: transient hypotension (systolic blood pressure 
≥70 mmHg) not requiring vasopressors;

• Grade 3: hypotension (systolic blood pressure 
<70 mmHg) requiring vasopressor support. Grade 3 
reactions are life threatening and typically require an ICU 
admission.

Additionally, blue dyes commonly cause discoloration of 
the urine and may transiently interfere with pulse oximetry 
readings (Kieckbusch et al. 2008; Vieira et al. 2008). Meth-
ylene blue can cause a problematic skin necrosis, whereas 
interference with pulse oximetry reading occurs more often 
with ISB and patent blue (Masannat et al. 2006; Pinero et al. 
2004).

ICG is a very safe tracer and severe allergic reactions 
to ICG are very uncommon with a reported incidence of 
0.05% after intravenous injection (Hope-Ross et al. 1994). 
ICG contains sodium iodide and, according to the manufac-
turer, it should be used with caution in patients who have a 
history of allergy to iodides because of the risk of anaphy-
laxis. Since iodine is a chemical element that is an essential 
component of the human body, some authors suggest that 
ICG can be safely employed in patients with iodine allergy 
since a type-I allergic reaction (antibody mediated, respon-
sible for anaphylactic shock) can virtually not occur (Krohne 
et al. 2016). The use of ICG has also be reported in pregnant 
patients (Papadia et al. 2016c).

Detection rates

Various comparisons have been made among the differ-
ent tracers with regard to the detection rate. It has been 

demonstrated that the application of an SLN mapping 
algorithm in EMCA cancer decreases the false-negative 
rate from 14.9 to 1.9% (Barlin et al. 2012). This implies 
the removal of every SLN, of suspicious non-SLNs and the 
performance of a side-specific lymphadenectomy in case of 
unilateral mapping. The overall and bilateral detection rates 
are therefore crucial characteristics of the SLN mapping to 
safely reduce the extent of the surgery.

In the laparoscopic setting, we were the first group to 
compare the overall and bilateral detection rates of the SLN 
mapping with a combination of Tc-99m and patent blue ver-
sus NIR-ICG after cervical injection (Imboden et al. 2015). 
Although this cohort of patients was affected by cervical 
cancer, the technique of the SLN mapping is the same as for 
EMCA patients. In our series, the overall detection rate of 
the two techniques were comparable (93% for the combina-
tion of Tc-99m and patent blue vs. 95.5% for ICG, p = ns), 
whereas the bilateral detection rate was higher for the NIR-
ICG SLN mapping (61% for the combination of Tc-99m and 
patent blue vs. 95.5% for ICG, p = 0.0201). These results 
were confirmed in larger multicentric studies (Buda et al. 
2016c; Di Martino et al. 2017). Subsequently, in a series of 
cervical and EMCA patients operated on via conventional 
laparoscopy or via laparotomy, Buda et al. demonstrated that 
NIR-ICG SLN mapping achieved a higher bilateral detection 
rate as compared to SLN mapping with a combination of Tc-
99m and blue dye or blue dye alone [85% for ICG vs. 58% 
for the combination of Tc-99m and blue dye (p = 0.003) vs. 
54% for blue dye alone (p = 0.001)] (Buda et al. 2016b).

In EMCA patients, in a retrospective validation trial 
including 75 patients, we recorded an overall and bilateral 
detection rate of 96.0 and 88.0%, respectively (Papadia et al. 
2016b). In a retrospective multicenter study of five European 
centers including 342 patients with clinical stage I EMCA 
the overall detection rate of the SLN biopsy was 97.3 and 
96.6% for patients undergoing SLN mapping with Tc99-m 
combined with blue dye and with ICG, respectively (p = ns) 
(Papadia et al. 2017d). On the contrary, the bilateral detec-
tion rate was significantly higher for patients undergoing 
SLN mapping with ICG as compared to those undergoing 
SLN mapping with a combination of Tc-99m and blue dye 
(84.1% for ICG versus 73.5% for the combination of Tc-99m 
and blue dye; p = 0.03).

In the robotic setting, Holloway first reported an improve-
ment in bilateral detection rates, when ICG and ISB were 
combined for SLN mapping as compared to ISB alone in 
retrospective series of 35 patients (Holloway et al. 2012). 
Bilateral SLN detection rate was 97% for the combination of 
ICG and ISB and 77% for ISB alone. Similarly, Sinno et al. 
showed a statistically significant increase in bilateral detec-
tion rate in patients with EMCA undergoing robotic SLN 
mapping with ICG or ISB (78.9% for ICG vs. 42.4% for ISB, 
p = 0.02) (Sinno et al. 2014). They subsequently confirmed 

Table 1  Toxicity profile and adverse reactions of the tracers used for 
SLN mapping

Tracer Severe allergic reaction Other toxicity

Tc-99m 1–6/100,000 Radioactive drug
Blue dyes 2% Discoloration of skin

Discoloration of urine
Skin necrosis
Transient interference 

with pulse oximetry 
readings

ICG 0.05% –
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their data on a larger scale showing that, on multivariate 
analysis, tracer choice is an associated with higher bilateral 
detection rates (Tanner et al. 2015). How et al. recorded 
overall and bilateral detection rates of Tc-99m, patent blue 
and ICG in a prospective trial in which 100 EMCA patients 
were injected in the cervix with the three tracers (How et al. 
2015). SLN mapping with ICG yielded higher overall and 
bilateral detection rates as compared to blue dye (overall 
detection rate 87% for ICG vs 71% for blue dye, p = 0.005; 
bilateral detection rate 65% for ICG vs 43% for blue dye, 
p = 0.002). On the contrary SLN mapping with ICG and 
Tc-99m achieved similar results (overall detection rate 87% 
for ICG vs. 88% for Tc-99m, p = 0.83; bilateral detection 
rate 65% for ICG vs. 71% for Tc-99m, p = 0.36). A recent 
prospective cohort study showed that the combination of 
blue dye and ICG for SLN mapping in EMCA patients sig-
nificantly increased overall and bilateral detection rates as 
compared to ISB alone (overall detection rate: 87.8% for the 
combination of ICG and ISB vs. 76% for ISB alone; bilateral 
detection rate: 83.9% for the combination of ICG and ISB 
vs. 40% for ISB alone, p < 0.001) (Holloway et al. 2017b). 
Finally, Eriksson et al. confirmed higher overall and bilateral 
detection rates in EMCA patients undergoing NIR-ICG SLN 
mapping as compared to blue dye SLN mapping (Eriksson 
et al. 2017). The higher overall and bilateral detection rates 
reduced the number of additional lymph node sampling from 
61% in the patients who were injected blue dyes to 39% in 
the patients who were injected ICG (p > 0.001).

Overall, these results suggest that NIR-ICG SLN map-
ping has higher bilateral detection rates as compared to 
those recorded with the combination of Tc-99m and blue 
dye and have higher overall and bilateral detection rates as 
compared to blue dye alone. The data are summarized in 
Table 2. These data have been confirmed by three meta-
analyses (Ruscito et al. 2016; Bodurtha et al. 2017; Lin et al. 
2017). Given these results, as suggested by Ruscito et al., 
ICG should be the tracer of choice when performing an SLN 
mapping in EMCA patients because of its good toxicity 

profile, its ease of use which does not require the injection 
in a controlled environment and an image acquisition prior 
to surgery (Ruscito et al. 2016).

Influence of the BMI on the SLN mapping

The prevalence of obesity is steadily increasing in indus-
trialized countries. Not only is obesity associated with an 
increased risk of benign and malignant pathologies (under 
which EMCA), but it is also associated to technically more 
complicated and morbid medical and surgical treatments 
(Papadia et al. 2006). Obese women are at higher risk of 
developing EMCA because of the hyperestrogenic state 
resulting from the peripheral aromatization of androgens to 
estrone in the adipose tissue (Ballard-Barbash and Swanson 
1996). These hyperestrogenism-induced EMCA are typically 
well differentiated and have a relatively indolent biological 
behavior. In these cases, a full lymphadenectomy is often 
considered an overtreatment. Furthermore, obesity per se is 
a risk factor for lower limb lymphedema after lymphadenec-
tomy (Morotti et al. 2013). On the other hand, even patients 
considered to be at low risk are not immune from lymph 
nodal metastases. Submitting these patients to SLN mapping 
instead of a full lymphadenectomy based on uterine risk fac-
tors identified at frozen section, results in a more accurate 
identification of the patients with lymph nodal metastases 
at a lower surgical cost (Papadia et al. 2017a; Sinno et al. 
2016).

As previously mentioned, BMI affects surgery through 
increased OR time, increased estimated blood loss and 
a greater risk of developing postoperative complica-
tions such as wound infections and dehiscences (Papadia 
et al. 2006). In other surgical settings, there is evidence 
that even the SLN mapping is negatively affected by an 
increased BMI (Chagpar et al. 2005; Derossis et al. 2003; 
Soran et al. 2007). The thick adipose tissue may interfere 
with the identification of a colorimetric signal. Further-
more, the more extensive dissection required given the 

Table 2  Overall and bilateral 
detection rates recorded in the 
trials comparing different SLN 
mapping tracers

Overall DR overall detection rate, Bilateral DR bilateral detection rate, Tc-99m technetium 99m radiocol-
loid, ICG indocyanine green, ISB isosulfan blue

Authors N Overall DR p Bilateral DR p

Tc-99m + ISB ICG Tc-99m + ISB ICG

Papadia et al. (2017c) 342 97.3% 96.6% ns 84.1% 73.5% 0.03
ISB ISB + ICG ISB ISB + ICG

Holloway et al. (2012) 35 na na 77% 97% 0.02
Holloway et al. 2017b 200 76% 87.8% ns 40% 83.9% <0.001

ISB ICG ISB ICG
Sinno et al. (2014) 71 77.2% 92.7% ns 42.4% 78.9% 0.02
Tanner et al. (2015) na na
Eriksson et al. (2016) 472 81% 95% <0.001 54% 85% <0.001
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fatty retroperitoneal structures may be responsible for 
bleeding that may interfere with the mapping.

In EMCA patients undergoing SLN mapping, a BMI 
>30 kg/m2 has been identified at multivariate analysis as 
a factor negatively affecting the bilateral detection rate 
(Tanner et al. 2015). Interestingly, when ICG was used 
as a tracer, the detrimental effect of an increased BMI 
was attenuated as compared to patients in whom ISB was 
used (Tanner et al. 2015). A subsequent larger retrospec-
tive analysis on EMCA patients confirmed the detrimen-
tal effect of an increased BMI on the bilateral detection 
rate recorded and the better overall and bilateral detection 
rates recorded in obese patients undergoing SLN mapping 
with NIR-ICG as compare to blue dyes (Eriksson et al. 
2016). We speculate that the brightness of the fluores-
cent signal can overcome, at least to a certain extent, the 
shielding effect of the adipose tissue on the colorimetric 
signal of the tracer. These data suggest that ICG should 
be the tracer of choice when subjecting an obese EMCA 
patient to an SLN mapping procedure.

Quality of care

Data derived from two prospective validation trials in 
which the SLN biopsy was followed by a complete lym-
phadenectomy, the SENTI-ENDO and the FIRES trials, 
have proven the SLN biopsy to safely replace a complete 
lymphadenectomy in patients with early stage EMCA in 
whom the surgical lymph nodal assessment has a staging 
role (Ballester et al. 2011; Rossi et al. 2017). In these tri-
als, the recorded false-negative rates compare well with 
those recorded in other settings such as breast or vulvar 
cancer, where the SLN biopsy has become treatment of 
choice replacing a full lymphadenectomy (Veronesi et al. 
2003; Van der Zee et al. 2008, Mueller MD et al. 2008). 
Similarly as for breast and vulvar cancer, even in the case 
of EMCA is the SLN biopsy associated with a reduced 
morbidity as compared to a full lymphadenectomy (Papa-
dia et al. 2016b). These data suggest that the application 
of SLN mapping as compared to a full lymphadenectomy 
will translate in a higher quality of care of the patients.

As far as patient satisfaction, it seems that EMCA 
patients undergoing SLN mapping with ICG or blue dye 
perceive it as a better quality of care as compared to a 
combined Tc-99m and blue dye injection (Buda et al. 
2016a). Not having to undergo a preoperative tracer injec-
tion with Tc-99m in the Radiation Oncology Department 
the day prior to surgery is not only a user friendlier tech-
nique for the caregiver, but is also perceived as a better 
quality of care delivered by the patient.

Estimated costs and cost effectiveness

A cost-effectiveness analysis of patients with grade 1 
EMCA proved the surgical staging with a full lymphad-
enectomy to be more cost effective than a strategy in which 
the surgical staging is tailored based on frozen section of 
the uterus after hysterectomy or a strategy based on the 
sole hysterectomy without surgical staging (Cohn et al. 
2007). The surgical staging strategy was estimated to be 
1500$ cheaper than the strategy in which the staging is 
tailored based on frozen section of the uterus and approxi-
mately 2200$ cheaper than the strategy in which no stag-
ing at all is performed. The cost-effectiveness results from 
the reduced indication, and therefore costs, related to the 
adjuvant radiation therapy.

In cervical cancer patients, a strategy based on Tc-99m 
and blue dye combined SLN mapping with ultrastaging 
was more cost effective than a strategy based on full lym-
phadenectomy with respect to 5-year progression-free 
survival and morbidity-free survival (Brar et al. 2017). 
With regard to the SLN mapping in EMCA, no cost-effec-
tiveness studies have been performed yet.

As far as pure costs goes, the median hospital costs 
for women undergoing a minimally invasive hysterectomy 
without nodal assessment for EMCA have been estimated 
to be 8877$ (IQR $6974–11,352), those for patients under-
going a full lymphadenectomy have been estimated to be 
10,256$ (IQR $7807–13,034) and those for patients under-
going an SLN biopsy have been estimated to be 9550$ 
(IQR $7278–13,124) (Wright et  al. 2017). Within the 
different SLN mapping techniques, the one that relies on 
the injection of blue dyes is the cheapest as it does not 
require any specific hardware and since the blue dyes are 
very cheap. On the other hand, the lower overall and bilat-
eral detection rates recorded with this dye may lead to an 
increase in side-specific pelvic lymphadenectomies with 
longer OR time and increased surgical short- and long-
term morbidity. A lower cost may therefore not necessarily 
represent a more cost-effective strategy. When perform-
ing a Tc-99m SLN mapping the costs of the tracer, of the 
injection of the tracer and the costs of a preoperative imag-
ing such as a SPECT–CT have to be considered. These 
may vary from country to country and from the type of 
reimbursement involved. The costs related to the NIR-ICG 
SLN mapping technique depend greatly on the hardware 
needed to detect the fluorescent signal since the costs of 
the ICG powder are very low. However, depending on the 
volume of the center, it is plausible that, after an initial 
investment, the NIR-ICG SLN mapping may be the most 
cost-effective strategy.
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Conclusions

While the complete surgical resection of the tumor is of 
utmost importance in the treatment of primary and recur-
rent EMCA, similarly to other gynecological cancers, the 
role of staging lymphadenectomy has been discussed for 
decades (Lambrou et al. 2004; Papadia et al. 2015; Bellati 
et al. 2017, Papadia et al. 2017c, Gasparri et al. 2015, 2016; 
Papadia and Morotti 2013; Valenzano Menada et al. 2003). 
In early stage EMCA patients the SLN biopsy as compared 
to a full lymphadenectomy seems to offer the opportunity to 
obtain an adequate pathologic information with a reduced 
surgical morbidity and has been recognized as an accepted 
alternative to a full lymphadenectomy by the NCCN guide-
lines (NCCN guidelines 2014). Various tracers, alone or in 
combination, can be used and their characteristics are sum-
marized in Table 3. Where the hardware is available, NIR-
ICG SLN mapping, either laparoscopic or robotic, seems 
to be superior to SLN mapping with blue dyes, Tc-99m or 
a combination thereof. It allows for higher bilateral detec-
tion rates, performs better in obese patients, is user-friendly 
and is perceived by the patients as a better quality of care 
delivered.
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