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sentinel lymph node concept was introduced by Cabanas in 1977 for the penile cancer. This
technique was proven safe and feasible in selected cancers such as breast cancer, melanoma,
or some gynecologic cancers. Sentinel lymph node mapping is increasingly used in early
stages of cervical or vulvar cancer in particular due to the safety, high detection rate, and sen-
sitivity of the technique. In this review, we will discuss in depth the most recent evidence of
nuclear medicine and other techniques used to determine the status of the sentinel lymph
node in women affected by gynecologic neoplasms. Although significant efforts have been
already done in order to address several issues, there are still determined questions without a
clear answer, in particular for endometrial, ovarian, and vaginal neoplasms.
Semin Nucl Med 49:521-533 © 2019 The Authors. Published by Elsevier Inc. This is an open
access article under the CC BY-NC-ND license.
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Gynecologic neoplasms are one of the most common can-
cers worldwide and one of the most important causes of

women death, in particular in low-income countries.1 A
recent worldwide analysis showed that in 2018, more than
12% of all tumor deaths were related to gynecologic cancers
in woman, and more than 14% of all new cancers were found
in the female reproductive system.1 The most important are
cervix uteri neoplasms and ovarian cancers both as incidence
and mortality. Endometrial cancers (EC) show a significant
incidence while other gynecologic neoplasms such as vulvar
and vaginal, as well as melanoma localization in the repro-
ductive female system are rarer.1

The staging of these cancers, essential in order to provide
the best management, is based on the evaluation of the pri-
mary tumor, on the lymph node (LN) status and in the
search of distant metastases.2 However, in this context, the
LN status is crucial given the prognostic and therapeutic
partment, Hospices Civils de Lyon, Universit�e Claude
on, France.
artment, Hospices Civils de Lyon, Lyon, France.
, Slovakia.
Energy Agency, Vienna, Austria.
sts to Francesco Giammarile, Nuclear Medicine and
g Section, Division of Human Health, Department of
nd Applications, International Atomic Energy Agency,
nal Centre, PO Box 100, Vienna 1400, Austria.
rile@iaea.org

3/j.semnuclmed.2019.06.012
e Authors. Published by Elsevier Inc. This is an open access a
ns.org/licenses/by-nc-nd/4.0/)
impact of the presence of LN dissemination (LND). In fact,
in early stages, the radical surgery is the treatment of choice,
and the sentinel LN (SLN) pathologic examination has gain
increasing importance in order to establish the nodal status.

The SLN concept was introduced by Cabanas in 1977 for
the penile cancer as the first regional LN that directly drains
the lymph from the primary tumor.4 This technique was
proven safe and feasible in selected cancers such as breast
cancer, melanoma, or some gynecologic cancers.5 In the later
in fact, it were Levenback et al who introduced this method
in vulvar cancer in 19946 and since then, the SLN status
determined by nuclear medicine techniques (using [99mTc]-
labeled colloids with preoperative scintigraphy), vital dye or
more recently fluorescent dye have become an irreplaceable
modality for some gynecologic tumors, while for others, in-
depth clinical studies are still needed for further elucidations.

The diffusion of this modality is based on the assumption
that the presence or absence of tumor in the SLN is represen-
tative for the whole LN area and on the increased interest of
the surgeons to propose minimal invasive techniques, in
order to avoid surgical morbidity without impacting the effi-
cacy of the surgical staging.7 Furthermore, given the required
interaction between several professionals in order to ensure
an optimal management of several procedures, it has been
suggested by several authors the need of an experienced
team and of an adequate learning curve.8-10
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Recent international guidelines11 have proposed a struc-
tured view of different issues, in particular for the nuclear
medicine field in order to establish the (peritumoral or not)
injection procedure, the typology of colloids, the type and
time interval of images collection, type of images acquisition
(planar lymphoscintigraphy and/or SPECT), procedures in
surgery room, as well as interpretation criteria, in particular
whenever a SLN is not detected, as well as radiation dosime-
try issues for the patient and staff.
Although significant efforts have been already done in order

to address several issues, there are still determined questions
without a clear answer, such as the patient selection, the pre-
operative imaging, the needed learning curve, the treatment of
recurrences, or the management of nodal micrometastases.11,12

Therefore, the aim of this review was to discuss in depth
the most recent evidence of nuclear medicine and other tech-
niques used to determine the status of the SLN in women
affected by gynecologic neoplasms.
Vulvar Cancer
Vulvar cancer is a quite rare neoplasm (1% of all cancers in
women and until 5% of all gynecologic cancers), although it
is much more frequent in older women.3 The most frequent
histotype is the squamous cell carcinoma with almost 90% of
all cases, often developed after human papillomavirus infec-
tion, while the other histologic types such as the Bartolini
gland adenocarcinoma, basocellular carcinoma, malignant
melanoma, or other sporadic histotypes represent roughly
the remaining 10%.3

Distant metastases are very rare, while until 30% of
patients could show LND at staging.7 In fact, the LN status is
Figure 1 A 53-year-old woman, before surgery for vulvar carcin
of about 40 MBq of 99m Tc nanocolloid in two peritumoral poi
and 150 minutes (A and B). Two focal uptakes were observed
of CT, D-axial view of SPECT/CT fusion) localized the uptake
of the right hand side vulvar carcinoma and of right groin sent
the most powerful prognostic factor; overall survival at
5 years’ patients dramatically drops from 90% in N0 to 50%
in N+.3,13 In the same time, LNs status determines the treat-
ment given that in presence of metastatic groin LN, groin
lymphadenectomy is needed; however, postsurgical morbid-
ity is disturbing, in particular wound breakdown, infection,
or chronic lymphedema.14

The lymphatic spread of vulvar cancer is observed first in
homolateral superficial inguinal LNs14 (Fig. 1), then in deep
femoroinguinal LNs. Furthermore, although pelvic LNs can
be metastatic, they are secondary to inguinal nodes dissemi-
nation. While in case of midline or almost midline lesion
(<2 cm from midline), a bilateral lymphatic spread is possi-
ble (Fig. 2), and in case of lesions close to the clitoris, ingui-
nal bilateral lymphatic drainage could be associated to pelvic
spread.2,15

In this context, the sentinel node biopsy is a standard
of care in early stages of vulvar cancer without clinical
LND in order to reduce the postsurgical morbidity,11

although some concerns have been raised by a case report
showing the spread of cancer cells from metastatic LNs to
contiguous dermis. The authors wonder about the role of
sentinel node detection in case of already known
increased inguinal LNs given that the retrograde flow of
cancer cells in lymphatic channels could explain, by the
high lymph flow promoted after the injection of colloids,
the dermis dissemination.16

In the last two decades, several studies have shown the diag-
nostic impact, changes in the management, cost analysis, and
the prognostic value of sentinel node detection followed by the
biopsy in patients surgically treated for vulvar cancer. Few
years ago, a systematic review and a meta-analysis of the
oma, underwent sentinel LN scintigraphy after injection
nts, followed by planar images acquisition at 30 minutes
in planar acquisitions while the SPECT/CT (C-axial view
s in two sentinel millimetric right inguinal LNs. Surgery
inel nodes allowed to stage the patient in pT1b N0.



Figure 2 A 63-year-old woman, before surgery for vulvar carcinoma, underwent sentinel LN scintigraphy after injection
of about 40 MBq of 99m Tc nanocolloid in two peritumoral points, followed by planar images acquisition (not shown).
Several focal uptakes were observed in planar acquisitions while the SPECT/CT (A-axial view of SPECT, B-MIP, C-axial
view of CT, D-axial view of fusion) localized the uptakes in two sentinel millimetric bilateral inguinal LNs. During sur-
gery, three sentinel LNs were harvested on the right groin, all negatives, and one in the left groin, negative as well.
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literature showed pooled values of detection rate, sensitivity,
and negative predictive value (NPV) of sentinel node biopsy in
squamous cell vulvar carcinoma. The authors analyzed studies
that had explored the role of the scintigraphy, but also studies
using blue dye or fluorescent dye such as indocyanine green
(ICG). Overall, in 33 studies, pooled patient and groin basis
sentinel node detection rates were 94.4% and 84.6%, respec-
tively. Overall, in 27 studies, pooled patient and groin basis
sensitivity were 92% and 92%, while pooled NPVs were 97%
and 98% for patient and groin basis analyses, respectively.
However, the heterogeneity of the included papers was also
pointed out, given that the mapping techniques were not
homogenous (radioactive colloid vs blue dye vs fluorescent
dyes), as well as the selection of patients. In fact, in some stud-
ies, clinical status of groin LNs was not evaluated prior to senti-
nel node detection, increasing the false negative rate due to the
replacement of the invaded LN structure by tumoral cells and
the blockage of lymphatic spread. Furthermore, the quality
level of the included studies was not homogenous, although
clustered analysis, based on quality, showed similar data. Last,
publication biases were also detected, although probably not
impacting the overall accuracy data.17

Moreover, in these decades of using the sentinel node
detection in vulvar cancer, several issues have been explored
in depth. First of all, the accepted to date indications are
patients with FIGO stages IB and II, in case of unifocal
tumor, greater dimension <4 cm and without any evidence
of LND during the preoperative staging.11,18,19 In a national
study, it was showed that patients were best suited to SLN
detection if they had a simple punch biopsy before surgery,
rather than previous excision biopsy or excision tumor.20

Another issue extensively treated has been the preopera-
tive imaging in order to clinically detect metastatic LNs;
however, generally speaking, there are no imaging techniques
with an optimal sensitivity. Recently, [18F]FDG-PET/CT has
shown a deceiving patient-based sensitivity of roughly 50%
and 53% on groin-based analysis; furthermore, even in this
context with a high rate of negative LNs, the total accuracy
was lower than 75% on patient- and groin-based analysis.21

Morphologic imaging techniques have also been explored,
such as MRI, although showing a good specificity and inter-
observer agreement, reported sensitivity has been almost
50%,22 insufficient in this context. Then, ultrasonography,
although generally speaking, has a relatively good accuracy
for the evaluation of inguinal area, but has shown a subopti-
mal sensitivity in vulvar cancer.23 Therefore, to date, no
imaging modality could replace surgical LN staging; how-
ever, given the relatively good specificity of all of the cited
techniques, they could be used to select patients prior to sen-
tinel node detection.24

In fact, the crucial issue in case of negative sentinel node is
the efficacy of the surgical treatment; one paper did not observe
any significant recurrence differences (P= 0.8) in patients
undergoing SLN detection with lymphadenectomy in case of
positive nodes compared to systematic lymphadenectomy.25

Furthermore, several studies showed that when lymphadenec-
tomy was omitted in case of negative SLN at pathologic ultra-
staging, short-term (wound breakdown, cellulitis) and long-
term (recurrent erysipelas, leg lymphedema) morbidities were
significantly lower compared to patients undergoing lympha-
denectomy, while groin recurrence was very low (2.3%), what
is more, confirmed in a recent meta-analysis of the available lit-
erature.26 Three-year survival rate was also excellent (97%),
what is more, confirmed in a recent multicenter study.3,27-33

Last but not least, several papers have shown the undebatable
preferential choice of the patients for this method if the risk of



Figure 3 An 83-year-old woman, before surgery for vulvar melanoma, underwent sentinel LN scintigraphy. After injec-
tion of about 40 MBq of 99m Tc nanocolloid in two peritumoral sites, planar images and SPECT/CT were acquired
(A-axial view of SPECT, B-MIP, C-axial view of CT, D-axial view of fusion). Several focal uptakes were observed in
SPECT/CT, noteworthy the right inguinal sentinel LN was measured 27£ 26 mm and was highly suspect for meta-
static dissemination, it was confirmed at pathology, while two left millimetric inguinal LNs were not metastasized.
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metastatic SLN is really low, given the overall negative impact
of lymphadenectomy.34,35

Recently, several studies have stressed the cost-effective-
ness and cost-utility analysis of SLN-based management (in
one study associated to a 3-year follow-up) compared to
inguinofemoral LN dissection,36-38 showing and confirming
the superiority of the sentinel node approach both in terms
of costs and quality of life.
Another interesting explored issue has been the size of the

sentinel node metastases, in fact this feature is also correlated
with thorough pathologic examination because of equivocal
data have been described about the impact of ultrastaging
hematoxylin and eosin staining vs immunohistochemical
staining.20,39-41 Anyway, its implication on the management
of these patients is clear given its correlation with the rate of
nonsentinel nodes metastases and disease-specific survival.42

Hopefully GROINSS VII will show, in the near future, the
role of radiation treatment in groins with LNs metastases
<2 mm,43 while GROINS VIII will try to answer the question
how to handle with lymphatic metastases >2 cm.44

Although several studies have explored the role of sentinel
node scintigraphy before surgery of primary vulvar cancer,
there are few studies that had the aim to evaluate sentinel
node detection and its accuracy after primary surgery of the
cancer or after excision biopsy. These studies have shown
similar performance compared to the detection of sentinel
node during the primary surgery.45-47 However, the detec-
tion of the SLN appeared technically more challenging.48,49

Given that the squamous cell carcinoma is the commonest
neoplasm of the vulva, the majority of the studies have tar-
geted this histotype. Vulvar melanoma is the second com-
monest histotype, but only few studies and case reports have
tried to show that SLN is a feasible technique in order to
avoid futile postsurgery morbidity50-53 (Fig. 3).
Finally, as well as in other gynecologic cancers, first studies
using [99mTc]-labeled colloid to detect SLN were based on pla-
nar scans, but more recent studies using SPECT or SPECT/CT
showed the highest detection rate and accuracy of this tech-
nique associated to the personalization of the lymphatic map-
ping and its impact in the adequate surgical planning of the
groin.54 Furthermore, another imaging modality has combined
in one instrument the mobility of the gamma probe and the
3D presentation of SPECT, leading to the successful use of
“SPECT freehand” in several neoplasms surgeries, among
which vulvar cancer.55 Last, efforts have been done in order to
have a multimodal marker of the SLN in order to add the
advantages of two modalities: radioactivity and fluorescence. In
fact, in several cancers, this approach has shown its feasibil-
ity,56 and particularly for vulvar cancer “the best of both
worlds” has shown an excellent detection rate.57

In conclusion, the role of SLN scintigraphy is well estab-
lished because it is feasible and safe, it allows to avoid futile
postsurgery morbidity without increasing the recurrence rate
and without impacting the overall survival. To date, SPECT/
CT is the widespread modality of collecting images after an
accurate selection of early stages, cN0, unifocal lesion <4 cm
patients, taking care of the lesion localization in order to
explore ipsilaterally or bilaterally the groin exploration, if the
lesion is located in midline or near to midline.
Cervical Cancer
Cervical cancer is the fourth most common cancer in women,
with an estimated number of incident cases of 569,847
patients in 20181), usually related to human papillomavirus
infection. It remains a relatively high mortality cancer,
despite the fact that it can be detected quite easily by smear
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or biopsy, this being mostly due to the unequal frequency of
vaccination and screening among the different countries.
Early and adapted therapeutic management is crucial and

special attention is given to LN involvement, as LN metastasis
is one of the main prognostic factors in this disease, notice-
ably for the early-stage cancer.58,59 More than the different
histotypes, the nodal status in these groups of patients may
impact the therapeutic choices, with radical surgery avoid-
ance in case of pelvic LN invasion, or by eventually adding
adjuvant therapy.60

Originally explored by pelvic and para-aortic lymphade-
nectomy, the nodal staging is now increasingly being realized
by SNL mapping. Indeed, early-stage cervical cancers have a
relatively low incidence of LN invasion, with a rate of 0%-8%
in stage IA, 0%-17% in stage IB, 12%-27% in stage IIA, and
25%-29% in stage IIB61—according to the FIGO 2009 classi-
fication—62, and a systematic LN dissection increases the
risks of presenting complications such as vessel and nerve
injuries, ureteral wound, infection, lymphocele, or chronic
lymphedema.63

With the new integration of pelvic and para-aortic LN
metastases in the FIGO 2018 classification,64 imaging techni-
ques like MRI or [18F]FDG-PET/CT can now be used, with
relatively good specificity, but with a lack of sensitivity.65 In
fact, given the relatively high specificity, these imaging tech-
niques may be used to exclude from sentinel node mapping
patients with clinically metastatic LNs. To date, the SLN
mapping indications are therefore based on the former FIGO
2009 classification.62 Nevertheless, these indications remain
globally similar between the different guidelines, as the latest
National Comprehensive Cancer Network (NCCN) guide-
line66 recommends—similarly to the ESGO-ESTRO-ESP
2017 guideline67—the possibility to perform SNL mapping
for these early stages of cervical cancers: IA1 with lymphovas-
cular space involvement, IA2, IB, and IIA, with only IB1 and
IIA1 considered for the NCCN, avoiding SNL mapping in
patients with tumors>4 cm.68

Moreover, it has recently been shown that surgical assess-
ment of the para-aortic LNs in patients with early-stage cervi-
cal cancer may be safely omitted. Indeed, del Carmen et al,69

Lennox et al,70 and Salvo et al,71 demonstrated with retro-
spective cohort patients that lymphadenectomy does not
confer survival advantage and that SLN mapping may allow
accurate detection of LN metastases while reducing morbid-
ity, even in case of para-aortic LN metastases. Further ulti-
mate confirmation should be available with the prospective
clinical trial SENTICOL III72 and SENTIX.73

The usual lymphatic drainage areas for cervical cancers are
the obturator or the external iliac region, with visible loca-
tions up to the para-aortic level,74,75 and unusual drainage
sites can be detected by the SLN mapping, such as presacral
nodes.76 It is worth noting the bilateral nature of lymphatic
drainage of the uterine cervix, and the potential presence of
multiple independent drainage pathways, which implies the
need to perform a lateralized surgical lymphadenectomy in
cases of unilateral SLN detection.77

The first multicentric study to validate the concept of SLN
mapping in cervical cancers showed that previous pelvic
lymphadenectomy, known parametrial or nodal invasion or
previous pelvic radiation therapy, are exclusion criteria,
while local surgery like cone biopsy or previous chemother-
apy are not contraindications to perform SLN mapping.78

Current recommended procedures for injecting radio-
tracer are based to submucosal injections into the four quad-
rants of the cervix, with a volume of 0.5 mL per injection
and an average activity of 110 MBq. For the biggest tumors,
injection should avoid the tumoral necrosis, and postconiza-
tion injection should be on the periphery of the scar. Since
the average time of visualization of the SLN is within 2 hours,
imaging can be performed in this time.11 Dynamic lympho-
scintigraphy study may be realized, but SPECT/CT slices are
more informative due to a better localization of the drainage
sites, and can lead to improve surgical approach79 and
decrease the intraoperative detection of the LNs.80

SLN detection can be carried out from 4 to 20 hours after
the injection of the radiotracer, preferentially in laparoscopy.
The whole procedure should also be performed by an experi-
enced and trained team.81

Other benefits that SLN mapping could provide are the
possibility to practice pathologic ultrastaging, and thereby
identify micrometastases—defined as metastases �0.2
mm—and a fertility sparing-guided surgery like radical
abdominal trachelectomy for young patients.82,83

Vital dyes and radiotracers were the first substances used
to explore LN drainage (Fig. 4), with blue dye validated by
Dargent et al84 showing a detection rate of 89% and a sensi-
tivity of 100%. Since the feasibility study of Plante et al,77

Altgassen et al,78 showed in the first multicentric study that
the detection rate, sensitivity, and bilateral detection using
combined techniques were higher than with one technique
alone. Lecuru et al with the SENTICOL trial85 confirmed a
good detection rate of 97.8%, a sensitivity of 92% and a NPV
of 98.2%. Roy et al86 have also shown similar results with
the combined techniques. It is interesting to note that 16.7%
of patients presented a SLN located in aberrant sites, includ-
ing 3.8% in the para-aortic area.

Two recent meta-analyses have confirmed these data: Tax
et al68 showed an overall and bilateral detection rate of
respectively 94% and 72% with combined techniques, with
an increase at 87% for the bilateral rate with tumor size
<20 mm. Pooled sensitivity was 94% with ultrastaging and
NPV ranged between 91% and 100%. Cheng-Yen Lai et al87

found overall the same results, but these good overall results
seem to be limited to early-stages cervical cancers, with a
marked decrease in performance for locally advanced lesions,
probably related to LN and lymphatic invasion that can
impair drainage.81

Moreover, SLN mapping using radiotracer and blue dye
with ultrastaging seems to be the most cost-effective strategy
vs surgical lymphadenectomy, with respect to 5-year pro-
gression-free survival and morbidity-free survival.88

Recently, a new technique for SLN mapping using fluores-
cence dye and near-infrared fluorescence imaging has spread
out. ICG is currently used in several countries and the only
one for the moment to be approved by the FDA. It brings the
possibility of real-time imaging with a nonirradiant, safe, and



Figure 4 A 37-year-old woman with a FIGO IA endometrioid adenocarcinoma underwent sentinel lymph node scintig-
raphy. After four injections of about 40 MBq each, several focal uptakes were observed in planar acquisitions at 10 and
60 minutes (A and B). The fused SPECT/CT views showed the cervical injection site (C) and bilateral lymph node
drainage with iliac external lymph node uptake (D and E). All nodes showed no metastatic spread.
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reproducible technique. SLN can be visualized between the
5th minute and 1 hour after local injection into the cervix at
the 3 and 9 o’clock positions89 and seems to outperform the
detection rate of the blue dye alone.90 ICG mapping also
seems to be superior in the detection rate to combined blue
dye and radiotracer, especially in bilateral detection with a
rate of 98.5% vs 76.3% and for tumors >2 cm.91,92

A recent meta-analysis from Ulain et al93 confirms the sig-
nificantly higher bilateral and unilateral detection with ICG
detection rate, but with no difference in the overall detection
rate (ODR) of SLN.
A combined technique with ICG and radiotracers like

[99mTc]-labeled colloids has also been experimented, with
good results, but remains to be confirmed later.94 Other
experimental techniques like optical fluorescence technol-
ogy95 or carbon nanoparticles96 also require further studies.
What remains to be clarified is the management of the

micrometastases, as their presence would decrease overall and
recurrence-free survival,97-99 but this has not been confirmed
by the latest prognostic analysis of the SENTICOL trial.100

According to the FIGO 2018 classification, their meaning is
unclear; therefore, their presence as well as the one of isolated
tumor cells may be recorded but does not change the stage.
To conclude the use of the sentinel node for early-stage

cervical cancers is a high-performance, morbidity-limiting
LN staging method, that can be performed with a combina-
tion of radiotracer and blue dye or ICG alone.
Endometrial Cancer
Endometrial cancer (EC) is the most common gynecologic
malignancy in the developed countries, with a disease gener-
ally confined to the uterus at diagnosis (FIGO I).101 In early-
stage endometrial cancer, well or moderately differentiated
endometrioid histotype (grade I or II), presents a favorable
prognosis compared to grade III endometrioid histotype,
and also papillary serous carcinomas, clear-cell carcinomas
and carcinosarcomas which are at high risk of recurrence
and metastases.102,103 In 1987, Creasman et al showed that
myometrial invasion and histologic grade were independent
predicting factors for LN metastases.104,105 Effectively, LNLN
involvement occurs in approximately 10% in patients with
stage I EC and the 5-year disease-free survival rate drops
from 90% to 54% if LN metastases are present at the time of
diagnosis.106

If combined pelvic and para-aortic lymphadenectomy
remains relevant for patients with endometrial carcinoma of
intermediate or high risk of recurrence (leading to an appro-
priate selection of patients for adjuvant therapy for adjuvant
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therapy),107 there is still no clear consensus between Euro-
pean and American oncologic societies in current treatment
guidelines for low-risk endometrial carcinomas.108-110 Abu-
Rustum et al showed that direct para-aortic drainage in early
stages of endometrial cancer is estimated to occur in only 1%
of cases and especially when the tumor is localized in the
uterine fundus (probably drains directly via the gonadal ves-
sels).111 Thus, depending on the localization of EC, SLN
marking does not appear to be as easily achievable as in cervi-
cal or vulvar cancer due to the complex lymphatic drainage
of the uterus,112 which drains at the least to bilateral pelvic
and/or para-aortic basins.
However, two European randomized trials (published in

2008 and 2009) concluded that routine systematic pelvic
lymphadenectomy does not improve disease-free or overall
survival while early and late postoperative complications
were possible.113,114 Hence, sentinel node mapping is
increasingly being utilized for endometrial cancer staging,
allowing in particular the detection of aberrant lymphatic
drainage that would be missed on routine lymphadenec-
tomy. Several studies and meta-analysis demonstrated that
SLN biopsy plus side-specific LND, when SLN is not
detected, is a reasonable alternative to a complete LND in
early-stage endometrial cancers,109,115-117 also including
high-risk tumor histotypes.118 Furthermore, Bogani et al
Figure 5 A 67-year-old patient with right sided vaginal melano
two injections of about 30 MBq each in the periphery of the sc
tions at 10 and 60 minutes (A and B). The fused SPECT/CT
lymph node uptake in the inguinal areas (D). All nodes showe
underlined in a recent meta-analysis that sentinel node map-
ping is noninferior to standard LND in term of detection of
para-aortic nodal involvement and recurrence rates (any site
and nodal recurrence).119

There are four reported techniques injection leading to dif-
ferent results in term of SLN detection: cervical injection, endo-
metrial peritumoral injection assisted by hysteroscopy,
myometrial/subserosal injection, and more recently isthmocer-
vical injection.120-122 Obviously, cervical injection is the easiest
approach (performed periorificially, as for cervical cancer, into
the four quadrants), allowing the use of radioisotope the same
day or 1 day before surgery.11 In a meta-analysis of 26 studies,
Kang et al showed that cervical injection was not inferior to
other methods.123 According to Sahbai et al, pericervical injec-
tion leads to significantly better ODR of SLN on SPECT/CT
comparing to peritumoral injection (83% vs 69%, P = 0.049)
while reducing invasiveness of the injection procedure.124

About the rare risk of direct para-aortic drainage from the fun-
dus, Abu-Rustum et al suggest that SLN detection could be
improved by injection around the tumor or into the subserosal
myometrium rather than into intracervical space.111

Concerning detection techniques, the majority of studies
have used a combination approach. Indeed, the injection of
[99mTc]-labeled colloid with nuclear imaging and/or intrao-
perative gamma counters (Fig. 5) is historically used in
ma. underwent sentinel lymph node scintigraphy. After
ar, several focal uptakes were observed in planar acquisi-
views showed the injection site (C and E) and bilateral
d no metastatic spread.
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synergy with blue dyes in order to optimize detection rates.
In a prospective multicenter study (SENTI-ENDO) using cer-
vical dual injection of [99mTc]-labeled colloid and patent blue
in 125 eligible patients with early-stage EC, Ballester et al
showed an ODR of 89% with sensitivity of 84% and NPV of
97% when considering patient-based analysis.125 How et al
also showed in a 100 patients study using a pericervical com-
bined injection (blue and [99mTc]-labeled colloid) adequate
detection rates with ODR of 92% (bilateral detection rate of
72%), sensitivity of 89%, and NPV of 99%.126 Obviously, as
for other gynecologic tumors, SPECT/CT imaging improves
ODR from 40%-67% to 84%-88% (comparing to planar lym-
phoscintigraphy), and bilateral detection increased from 39%
to 53%127,128 with good reproducibility,129 providing a
meaningful roadmap for the surgeon during intraoperative
detection of SNs (especially for uncommon lymphatic drain-
age pathways).
Since few years, ICG is increasingly used, showing better

detection performances than conventional tracers, especially
in obese patients.117,130-132 In a randomized controlled trial,
Rozenholc et al showed that the use of ICG instead of blue
dye results in a 26.5% (95% confidence interval 17.4%-
35.6%) increase of SLN detection rates per hemipelvis in
women with endometrial cancer.133 In a study of 100
patients using an injection of a mixture of blue dye [99mTc]-
labeled colloids and ICG, How et al showed similar SLN
detection rates between ICG and [99mTc]-labeled colloids
with a ODR of 87% vs 88% (P= 0.83) and a bilateral DR of
65% vs 71% (P= 0.36), respectively.134 Recently, Togami et
al showed good detection rates in a prospective study of 113
patients using a combination of [99mTc]-labeled colloids
(with preoperative SPECT/CT) and ICG.135 In this study, the
detection rates for ICG for pelvic SLN, bilateral pelvic SLN,
and para-aortic SLN were 96%, 80%, and 55%, respectively,
with sensitivity of 91% and NPV of 99%.
To conclude, LN assessment is still controversial for early-

stage endometrial cancer despite several studies and a last
paper with a cohort of 5546 patients published in 2019,
showed that routine systematic lymphadenectomy does not
improve disease-free or overall survival compared to SLN
biopsy (for all histopathologic grades, including high-risk
grade) and is responsible of more frequent comorbidities.136

In this context, several studies showed that SLN is a feasible
procedure with accurate detection rates especially when a
pericervical injection of combined [99mTc]-labeled colloids
(with preoperative SPECT/CT) and ICG is performed.
Vaginal Cancer
Vaginal cancers represent 1%-2% of all gynecologic malignan-
cies. The majority of invasive vaginal cancers are squamous cell
carcinomas and the second most common type is melanoma
(less of 4% of vaginal tumors).137 The SLN procedures are use-
ful not only in staging of tumor but also in establishing appro-
priate therapy,138 suggesting an early LN dissection in case of
positive SLN139 and, on the other side, reducing the number of
patients undergoing unnecessary extensive lymphadenectomy
in absence of metastatic disease.140 However, since the number
of published studies about SLN procedures in vaginal cancers
is fairly scarce, the role of SLN biopsy and LN dissection is still
unclear, consequently that the staging used by FIGO remains
clinical. The commonest method of SLN mapping starts with a
preoperative peritumoral injection of radioactive [99mTc] col-
loid and preoperative lymphoscintigraphy, then followed by
intraoperative injection of a blue dye and detection of the SLN
by gamma probe141; it was shown that in patients undergoing
surgical cancer resection, 82% of SLNs were detected by both
[99mTc]-labeled colloid and blue dye, 9% only by the gamma
probe, and 9% were only blue dye positive.142 In the first pro-
spective clinical study of pretreatment lymphatic mapping and
SLN detection published by Frumovitz et al on 14 patients
affected by vaginal cancer, (7 squamous cell carcinomas, 5 vagi-
nal melanomas, 1 adenocarcinoma, and 1 undifferentiated car-
cinoma), at least 1 SLN was identified by presurgical
lymphoscintigraphy in 79% of patients.142 This was in agree-
ment to the study of Vam Dam et al in which there was a com-
plete concordance between the status of the SLN and the
histologic findings at lymphadenectomy.143 Moreover, bilateral
SLN were found in 55% of patients in whom SLN were identi-
fied; the bilateralism was seen in 100% of patients with midline
lesions and only in 38% of those with lateral lesions. These
data showed that lymphatic drainage from the primary tumor
does not always follow the lymphatic channels that would
have been predicted anatomically. In fact, several papers have
shown that tumors arising from the proximal third of the
vagina metastasize in paracolpic lymph vessels to pelvic LNs,
those arising from the middle third of the vagina in inguinal
and pelvic LNs, whereas tumor sites in the distal third of vagina
lead only to inguinal LN metastases.139,144-148

Image acquisition has also been subject of few studies,144,149

given that planar images present some limitations.150 SPECT/
CT imaging is able to achieve the precise anatomic localization
of SLN on cross-sectional imaging (Fig. 6), increasing the sensi-
tivity of SLN detection and allowing to reduce false positive
interpretations (due to a stasis of radiotracer in lymphatic ves-
sels, a possible contamination or masked nodes by the high
activity of the injection site). FNR of this technique was 0%
and a NPV of 100%.144 The reasons for the absence of uptake
of [99mTc] colloid in SLN may be due to fibrosis secondary to
previous multiple local excisions or lymphatic channel block-
age related to transit metastases.146 In conclusion, although
SLN detection is not a standard of care to date, efforts are ongo-
ing in order to reduce the surgical morbidity without impacting
its efficacy in patients affected by vaginal cancers.
Ovarian Cancer
Ovarian cancer represents the second most common gyneco-
logic malignancy, with a prevalence of 30-50 per 100,000
women, and it is the cause of more than half of all deaths
related to gynecologic cancer.151 The incidence of positive
LNs in early-stage ovarian cancer is low, ranging from 5% to
15%,152 while in advanced-stage cancer LNs, dissemination
is over 20%,153 and very often para-aortic SLN are found



Figure 6 A 50-year-old woman with FIGO IB1 cervical adenocarcinoma underwent sentinel lymph node scintigraphy.
After injection of about 120 MBq in four peritumoral points, planar images were acquired at 15 and 60 minutes
(A and B). The fused SPECT/CT views showed the cervical injection site with no pelvis contamination (B), bilateral pel-
vic SNL drainage with a habitual iliac external left node uptake and a rarer right para-metrial node uptake (D and E).
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below or above the inferior mesenteric artery.154,155 On the
other hand, in unilateral ovarian tumor cases, only ipsilateral
LNs dissemination were positive in 54% of patients; contrala-
terality of the LN metastases was found in 13% of patients
and bilateralism in 33% of them.156

Then, since the routine pelvic and/or aortocaval lympha-
denectomy is associated with high rates of symptomatic post-
operative lymphocele and lower-limb lymphedema,157 in
selected cases the occurrence of lymphatic complications
could be achieved by using less invasive techniques, such as
SLN detection and pathologic examination.
In fact, only few papers have explored the use of SLN

detection during surgery of ovarian cancer. The most com-
mon method used to date is intraoperative injection of
[99mTc]-labeled colloid and blue dye,154 although some
recent studies described an easier and faster procedure by
using only the fluorescent tracer ICG.158,159

The injection site has also been debated; it seems that the
best detection rate of SLN is achieved injecting tracers near
the hilum of the ovary (94%-100%).160 However, the injec-
tion into both ovarian ligaments shows a quite similar detec-
tion rate of SLN (90%-100%). In case of injection in the
cortex, a lower detection rate is observed (40%-100%), with
a higher risk of capsule rupture and tumor dissemination
during surgery.161
Although the exact timing for the intraoperative detection of
positive LNs remains undefined, it seems that 10-20 minutes is
an optimal time interval between radiopharmaceutical injection
and SLN detection,154,162-164 with excellent SLN detection rate
(100%, 94%, 96%); furthermore, it was showed that in case of
injection of [99mTc phytate], a waiting time of 10 minutes is
sufficient, with a detection rate of 84%.164 All SLN detection
failure in these studies occurred in patients with: ovarian tor-
sion which can disrupt the lymphatic flow of the ovaries,164

dermoid cyst with a high number of adhesions preventing
access to the ovarian ligaments,154 or in case of obstruction
lymph flow by LN metastases.162

In conclusion, experience on SLN mapping in ovarian
tumors is very limited and SLN detection is not yet standard
of care. In fact, the accuracy of the SLN concept in ovarian
cancer and its clinical applications should be evaluated in
larger multicentric studies.
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77. Plante M, Renaud M-C, Têtu B, et al: Laparoscopic sentinel node map-
ping in early-stage cervical cancer. Gynecol Oncol 91:494-503, 2003

78. Altgassen C, Hertel H, Brandst€adt A, et al: Multicenter validation study
of the sentinel lymph node concept in cervical cancer: AGO study
group. J Clin Oncol 26:2943-2951, 2008

79. Martínez A, Zerdoud S, Mery E, et al: Hybrid imaging by SPECT/CT
for sentinel lymph node detection in patients with cancer of the uterine
cervix. Gynecol Oncol 119:431-435, 2010

80. Hoogendam JP, Hobbelink MGG, Veldhuis WB, et al: Preoperative
sentinel node mapping with 99mTc-nanocolloid SPECT�CT signifi-
cantly reduces the intraoperative sentinel node retrieval time in robot
assisted laparoscopic cervical cancer surgery. Gynecol Oncol 129:389-
394, 2013

81. Kadkhodayan S, Hasanzadeh M, Treglia G, et al: Sentinel node biopsy
for lymph nodal staging of uterine cervix cancer: A systematic review
and meta-analysis of the pertinent literature. Eur J Surg Oncol 41:1-
20, 2015

82. Du X, Sheng X, Jiang T, et al: Sentinel lymph node biopsy as guidance
for radical trachelectomy in young patients with early-stage cervical
cancer. BMC Cancer 11:157, 2011

83. Sonoda K, Yahata H, Okugawa K, et al: Value of intraoperative cytolog-
ical and pathological sentinel lymph node diagnosis in fertility-sparing
trachelectomy for early-stage cervical cancer. Oncology 94:92-98,
2018

84. Dargent D, Martin X, Mathevet P: Laparoscopic assessment of the sen-
tinel lymph node in early-stage cervical cancer. Gynecol Oncol
79:411-415, 2000

85. Lecuru F, Mathevet P, Querleu D, et al: Bilateral negative sentinel
nodes accurately predict absence of lymph node metastasis in early
cervical cancer: Results of the SENTICOL study. J Clin Oncol
29:1686-1691, 2011

86. Roy M, Bouchard-Fortier G, Popa I, et al: Value of sentinel node map-
ping in cancer of the cervix. Gynecol Oncol 122:269-274, 2011

87. Cheng-Yen Lai J, Lai K-J, Yi-Yung Yu E, et al: Sentinel lymphatic map-
ping among women with early-stage cervical cancer: A systematic
review. Taiwan J Obstet Gynecol 57:636-643, 2018

88. Brar H, Hogen L, Covens A: Cost-effectiveness of sentinel node biopsy
and pathological ultrastaging in patients with early-stage cervical can-
cer: Cost-effectiveness of sentinel node biopsy. Cancer 123:1751-
1759, 2017

89. Choi HJ, Kim T-J, Lee Y-Y, et al: Time-lapse imaging of sentinel lymph
node using indocyanine green with near-infrared fluorescence imaging
in early endometrial cancer. J Gynecol Oncol 27:e27, 2016

90. Frumovitz M: Near-infrared fluorescence for detection of sentinel
lymph nodes in women with cervical and uterine cancers (FILM): A
randomised, phase 3, multicentre, non-inferiority trial. Lancet Oncol
19:10, 2018

91. Buda A, Papadia A, Zapardiel I, et al: From conventional radiotracer
Tc-99m with blue dye to indocyanine green fluorescence:

http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0046
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0046
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0046
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0047
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0047
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0048
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0048
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0048
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0049
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0049
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0049
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0049
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0050
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0050
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0050
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0051
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0051
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0051
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0051
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0051
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0052
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0052
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0052
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0052
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0053
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0053
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0053
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0054
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0054
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0054
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0054
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0055
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0055
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0055
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0055
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0056
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0056
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0056
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0056
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0057
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0057
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0057
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0058
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0058
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0058
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0059
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0059
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0060
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0060
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0061
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0061
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0061
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0061
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0062
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0062
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0063
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0063
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0063
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0063
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0064
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0064
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0064
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0065
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0065
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0065
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0066
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0066
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0066
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0067
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0067
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0067
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0068
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0068
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0068
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0069
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0069
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0069
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0070
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0070
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0070
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0070
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0071
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0071
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0071
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0072
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0072
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0072
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0072
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0073
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0073
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0073
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0074
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0074
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0074
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0075
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0075
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0075
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0076
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0076
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0076
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0076
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0077
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0077
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0077
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0078
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0078
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0078
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0078
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0078
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0078
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0079
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0079
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0079
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0079
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0080
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0080
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0080
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0081
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0081
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0081
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0081
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0082
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0082
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0082
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0083
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0083
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0083
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0083
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0084
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0084
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0085
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0085
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0085
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0086
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0086
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0086
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0086
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0087
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0087
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0087
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0088
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0088
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0088
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0088
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0089
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0089


532 A. Skanjeti et al.
A comparison of methods towards optimization of sentinel lymph
node mapping in early-stage cervical cancer for a laparoscopic
approach. Ann Surg Oncol 23:2959-2965, 2016

92. Di Martino G, Crivellaro C, De Ponti E, et al: Indocyanine green versus
radiotracer with or without blue dye for sentinel lymph node mapping
in stage >IB1 cervical cancer (>2 cm). J Minim Invasive Gynecol
24:954-959, 2017

93. Ulain Q, Han L, Wu Q, et al: Indocyanine green can stand alone in
detecting sentinel lymph nodes in cervical cancer. J Int Med Res
46:4885-4897, 2018

94. Paredes P, Vidal-Sicart S, Campos F, et al: Role of ICG-99mTc-nano-
colloid for sentinel lymph node detection in cervical cancer: A pilot
study. Eur J Nucl Med Mol Imaging 44:1853-1861, 2017

95. Ashitate Y, Hyun H, Kim SH, et al: Simultaneous mapping of pan and
sentinel lymph nodes for real-time image-guided surgery. Theranostics
4:693-700, 2014

96. Lu Y, Wei J-Y, Yao D-S, et al: Application of carbon nanoparticles in
laparoscopic sentinel lymph node detection in patients with early-stage
cervical cancer. PLoS One 12:e0183834, 2017

97. Marchiol�e P, Bu�enerd A, Benchaib M, et al: Clinical significance of lym-
pho vascular space involvement and lymph node micrometastases in
early-stage cervical cancer: A retrospective case-control surgico-patho-
logical study. Gynecol Oncol 97:727-732, 2005

98. Horn L-C, Hentschel B, Fischer U, et al: Detection of micrometastases
in pelvic lymph nodes in patients with carcinoma of the cervix uteri
using step sectioning: Frequency, topographic distribution and prog-
nostic impact. Gynecol Oncol 111:276-281, 2008

99. Cibula D, Abu-Rustum NR, Dusek L, et al: Prognostic significance of
low volume sentinel lymph node disease in early-stage cervical cancer.
Gynecol Oncol 124:496-501, 2012

100. Guani B, Dorez M, Magaud L, et al: Impact of micrometastasis or iso-
lated tumor cells on recurrence and survival in patients with early cer-
vical cancer: SENTICOL trial. Int J Gynecol Cancer 29:447-452, 2019

101. Siegel RL, Miller KD, Jemal A: Cancer statistics, 2017. CA Cancer J
Clin 67:7-30, 2017

102. Piulats JM, Guerra E, Gil-Martin M, et al: Molecular approaches for
classifying endometrial carcinoma. Gynecol Oncol 145:200-207, 2017

103. Amant F, Mirza MR, Koskas M, et al: Cancer of the corpus uteri. Int J
Gynaecol Obstet 143(suppl 2):37-50, 2018

104. Creasman WT, Morrow CP, Bundy BN, et al: Surgical pathologic
spread patterns of endometrial cancer. A gynecologic oncology group
study. Cancer 60:2035-2041, 1987

105. Creasman W: Revised FIGO staging for carcinoma of the endome-
trium. Int J Gynaecol Obstet 105:109, 2009

106. Lurain JR, Rice BL, Rademaker AW, et al: Prognostic factors associated
with recurrence in clinical stage I adenocarcinoma of the endome-
trium. Obstet Gynecol 78:63-69, 1991

107. Todo Y, Kato H, Kaneuchi M, et al: Survival effect of para-aortic lym-
phadenectomy in endometrial cancer (SEPAL study): A retrospective
cohort analysis. Lancet 375:1165-1172, 2010

108. Holloway RW, Abu-Rustum NR, Backes FJ, et al: Sentinel lymph node
mapping and staging in endometrial cancer: A society of gynecologic
oncology literature review with consensus recommendations. Gynecol
Oncol 146:405-415, 2017

109. Ballester M, Bendifallah S, Daraï E: European guidelines (ESMO-
ESGO-ESTRO consensus conference) for the management of endome-
trial cancer. Bull Cancer 104:1032-1038, 2017

110. Koh WJ, Abu-Rustum NR, Bean S, et al: Uterine neoplasms, version
1.2018, NCCN clinical practice guidelines in oncology. J Natl Compr
Canc Netw 16:170-199, 2018

111. Abu-Rustum NR, Gomez JD, Alektiar KM, et al: The incidence of iso-
lated paraaortic nodal metastasis in surgically staged endometrial can-
cer patients with negative pelvic lymph nodes. Gynecol Oncol
115:236-238, 2009

112. Geppert B, L€onnerfors C, Bollino M, et al: A study on uterine lym-
phatic anatomy for standardization of pelvic sentinel lymph node
detection in endometrial cancer. Gynecol Oncol 145:256-261, 2017

113. Benedetti Panici P, Basile S, Maneschi F: et al: Systematic pelvic lym-
phadenectomy vs. no lymphadenectomy in early-stage endometrial
carcinoma: Randomized clinical trial. J Natl Cancer Inst 100:1707-
1716, 2008

114. ASTEC Study GroupKitchener H, Swart AM, et al: Efficacy of system-
atic pelvic lymphadenectomy in endometrial cancer (MRC ASTEC
trial): A randomised study. Lancet 373:125-136, 2009

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

116. Bodurtha Smith AJ, Fader AN, Tanner EJ: Sentinel lymph node assess-
ment in endometrial cancer: A systematic review and meta-analysis.
Am J Obstet Gynecol 216:459-476, 2017

117. How JA, O’Farrell P, Amajoud Z, et al: Sentinel lymph node mapping
in endometrial cancer: A systematic review and meta-analysis. Minerva
Ginecol 70:194-214, 2018

118. Soliman PT, Westin SN, Dioun S, et al: A prospective validation study
of sentinel lymph node mapping for high-risk endometrial cancer.
Gynecol Oncol 146:234-239, 2017

119. Bogani G, Murgia F, Ditto A, et al: Sentinel node mapping vs.
lymphadenectomy in endometrial cancer: A systematic review and
meta-analysis. Gynecol Oncol 2019. https://doi.org/10.1016/j.
ygyno.2019.03.254

120. Perrone AM, Casadio P, Formelli G, et al: Cervical and hysteroscopic
injection for identification of sentinel lymph node in endometrial can-
cer. Gynecol Oncol 111:62-67, 2008

121. Robova H, Charvat M, Strnad P, et al: Lymphatic mapping in endome-
trial cancer: Comparison of hysteroscopic and subserosal injection and
the distribution of sentinel lymph nodes. Int J Gynecol Cancer
19:391-394, 2009

122. M€ucke J, Klapdor R, Schneider M, et al: Isthmocervical labelling and
SPECT/CT for optimized sentinel detection in endometrial cancer:
Technique, experience and results. Gynecol Oncol 134:287-292, 2014

123. Kang S, Yoo HJ, Hwang JH, et al: Sentinel lymph node biopsy in endo-
metrial cancer: Meta-analysis of 26 studies. Gynecol Oncol 123:522-
527, 2011

124. Sahbai S, Taran FA, Fiz F, et al: Pericervical injection of 99mTc-nano-
colloid is superior to peritumoral injection for sentinel lymph node
detection of endometrial cancer in SPECT/CT. Clin Nucl Med 41:927-
932, 2016

125. Ballester M, Dubernard G, L�ecuru F, et al: Detection rate and diagnos-
tic accuracy of sentinel-node biopsy in early stage endometrial cancer:
A prospective multicentre study (SENTI-ENDO). Lancet Oncol
12:469-476, 2011

126. How J, Lau S, Press J, et al: Accuracy of sentinel lymph node detection
following intra-operative cervical injection for endometrial cancer: A
prospective study. Gynecol Oncol 127:332-337, 2012

127. Buda A, Elisei F, Arosio M, et al: Integration of hybrid single-photon
emission computed tomography/computed tomography in the preop-
erative assessment of sentinel node in patients with cervical and endo-
metrial cancer: Our experience and literature review. Int J Gynecol
Cancer 22:830-835, 2012

128. Naaman Y, Pinkas L, Roitman S, et al: The added value of SPECT/CT
in sentinel lymph nodes mapping for endometrial carcinoma. Ann
Surg Oncol 23:450-455, 2016

129. Buda A, Elisei F, Dolci C, et al: Uterine lymphatic drainage is unaf-
fected from injection technique and operators: Identical sentinel node
detection in two cases of endometrial cancer. Int J Surg Case 4:697-
699, 2013

130. Ruscito I, Gasparri ML, Braicu EI, et al: Sentinel node mapping in cer-
vical and endometrial cancer: Indocyanine green versus other conven-
tional dyes—A meta-analysis. Ann Surg Oncol 23:3749-3756, 2016

131. Buda A, Crivellaro C, Elisei F, et al: Impact of indocyanine green for
sentinel lymph node mapping in early stage endometrial and cervical
cancer: Comparison with conventional radiotracer (99m)Tc and/or
blue dye. Ann Surg Oncol 23:2183-2191, 2016

132. Papadia A, Gasparri ML, Buda A, et al: Sentinel lymph node mapping
in endometrial cancer: Comparison of fluorescence dye with tradi-
tional radiocolloid and blue. J Cancer Res Clin Oncol 143:2039-2048,
2017

http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0089
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0089
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0089
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0090
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0090
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0090
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0090
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0090
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0090
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0091
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0091
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0091
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0092
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0092
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0092
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0093
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0093
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0093
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0094
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0094
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0094
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0095
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0095
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0095
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0095
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0095
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0095
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0096
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0096
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0096
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0096
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0097
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0097
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0097
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0098
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0098
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0098
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0099
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0099
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0100
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0100
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0101
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0101
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0102
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0102
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0102
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0103
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0103
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0104
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0104
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0104
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0105
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0105
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0105
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0106
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0106
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0106
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0106
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0107
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0107
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0107
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0108
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0108
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0108
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0109
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0109
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0109
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0109
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0110
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0110
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0110
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0110
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0111
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0111
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0111
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0111
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0112
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0112
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0112
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0113
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0113
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0113
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0113
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0114
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0114
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0114
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0115
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0115
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0115
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0116
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0116
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0116
https://doi.org/10.1016/j.ygyno.2019.03.254
https://doi.org/10.1016/j.ygyno.2019.03.254
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0118
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0118
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0118
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0119
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0119
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0119
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0119
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0120
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0120
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0120
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0120
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0121
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0121
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0121
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0122
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0122
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0122
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0122
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0123
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0123
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0123
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0123
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0123
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0124
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0124
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0124
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0125
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0125
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0125
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0125
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0125
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0126
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0126
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0126
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0127
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0127
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0127
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0127
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0128
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0128
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0128
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0129
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0129
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0129
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0129
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0130
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0130
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0130
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0130


Node X XMapping in X XGynecologic X XCancers 533
133. Rozenholc A, Samouelian V, Warkus T, et al: Green versus blue: Ran-
domized controlled trial comparing indocyanine green with methylene
blue for sentinel lymph node detection in endometrial cancer. Gynecol
Oncol 2019. https://doi.org/10.1016/j.ygyno.2019.03.103

134. How J, Gotlieb WH, Press JZ, et al: Comparing indocyanine green,
technetium, and blue dye for sentinel lymph node mapping in endo-
metrial cancer. Gynecol Oncol 137:436-442, 2015

135. Togami S, Kawamura T, Fukuda M, et al: Prospective study of sentinel
lymph node mapping for endometrial cancer. Int J Gynaecol Obstet
143:313-318, 2018

136. P€olcher M, Rottmann M, Brugger S, et al: Lymph node dissection in
endometrial cancer and clinical outcome: A population-based study in
5546 patients. Gynecol Oncol 2019. https://doi.org/10.1016/j.
ygyno.2019.04.002

137. Carter JS, Levi SD Jr: Vulvar and vaginal cancer. Obstet Gynecol Clin
North Am 39:213-231, 2012

138. Z�amb�o K, Kopp�an M, Pa�al A, et al: Sentinel lymph nodes in gynecolog-
ical malignancies: Frontline between TNM and clinical staging sys-
tems? Eur J Nucl Med Mol Imaging 30:1684-1688, 2003

139. Ishida H, Nagai T, Sato S, et al: Concomitant sentinel lymph node
biopsy leading to abbreviated systematic lymphadenectomy in a
patient with primary malignant melanoma of the vagina. Springerplus
4:102, 2015, . eCollection 2015

140. Lang JH, Zhao XY: Sentinel lymph nodes in female reproductive tract
cancer? Zhongguo Yi Xue Ke Xue Yuan Xue Bao 25:377-380, 2003

141. Ayhan A, Celik H, Dursun P: Lymphatic mapping and sentinel node
biopsy in gynecological cancers: A critical review of the literature.
World J Surg Oncol 6:53, 2008

142. Frumovitz M, Gaued IW, Jhingran A, et al: Lymphatic mapping of sen-
tinel lymph node detection in women with vaginal cancer. Gynecol
Oncol 108:478-481, 2008

143. Van Dam P, Sonnemans H, Van Dam P-J, et al: Sentinel node detection
in patients with vaginal carcinoma. Gynecol Oncol 92:89-92, 2004

144. Hertel H, Soergel P, Muecke J: Is there a place for sentinel technique in
treatment of vaginal cancer? Feasibility, clinical experience, and
results. Int J Gynecol Cancer 23:1692-1698, 2013

145. Nakagawa S, Koga K, Kugu K, et al: The evaluation of the sentinel
node successfully conducted in a case of malignant melanoma of the
vagina. Gynecol Oncol 86:387-389, 2002

146. Dhar KK, Das N, Brinkman DA, et al: Utility of sentinel node biopsy in vul-
var and vaginal melanoma: Report of two cases and review of the literature.
Int J Gynecol Cancer 17:720-723, 2007. Epub 2007 Mar 2. Review

147. Abramova L, Parekh J, Irvin WP Jr., et al: Sentinel node biopsy in vul-
var and vaginal melanoma: Presentation of six cases and a literature
review. Ann Surg Oncol 9:840-846, 2002

148. Rodier JF, Janser JC, David E, et al: Radiopharmaceutical-guided sur-
gery in primary malignant melanoma of the vagina. Gynecol Oncol
75:308-309, 1999
149. Kobayashi K, Raminez PT, Kim EE, et al: Sentinel node mapping in
vulvovaginal melanoma using SPECT/CT lymphoscintigraphy. Clin
Nucl Med 34:859-861, 2009

150. Kim R, Rose PG: Surgical staging of gynecologic malignancies: The role
of laparoscopy and sentinel node technology. Surg Oncol Clin N Am
14:267-288, 2005

151. Pandi-Taskar N: Oncologic imaging in gynecologic malignancies. J
Nucl Med 46:1842-1850, 2005

152. Cass I, Li AJ, Runowicz CD, et al: Pattern of lymph node metastases in
clinically unilateral stage I invasive epithelial ovarian carcinomas.
Gynecol Oncol 80:56-61, 2001

153. Onda T, Yoshikawa H, Yokota H, et al: Assessment of metastases to
aortic and pelvic lymph nodes in epithelial ovarian carcinoma. A pro-
posal for essential sites for lymph node biopsy. Cancer 78:803-808,
1996

154. Kleppe M, Brans B, Van Gorp T, et al: The detection of sentinel nodes
in ovarian cancer: A feasibility study. J Nucl Med 55:1799-1804, 2014

155. Nyberg RH, Korkola P, Maenpaa JU: Sentinel node and ovarian
tumors. A series of 20 patients. Int J Gynecol Cancer 27:684-689,
2017

156. Nomura H, Tsuda H, Susumu N, et al: Lymph node metastasis in
grossly apparent stages I and II epithelial ovarian cancer. Int J Gynecol
Cancer 20:341-345, 2010

157. Achouri A, Huchon C, Bats AS, et al: Complications of lymphadenec-
tomy for gynecologic cancer. Eur J Surg Oncol 39:81-86, 2013

158. Buda A, Passoni P, Corrado G, et al: Near-infrared fluorescence-guided
sentinel node mapping of the ovary with indocyanine green in a mini-
mally invasive setting: A feasible study. J Minim Invasive Gynecol
24:165-170, 2017

159. Kimmig R, Buderath P, Rusch P, et al: Early ovarian cancer surgery
with indocyanine-green-guided targeted compartmental lymphadenec-
tomy (TCL, pelvic part). J Gynecol Oncol 28:e68, 2017

160. Lago V, Bello P, Montero B, et al: Clinical application of the sentinel
lymph node technique in early ovarian cancer: A pilot study. Int J
Gynecol Cancer 29:377-381, 2019

161. El-Ghobashy AE, Saidi SA: Sentinel lymph node sampling in gyneco-
logical cancers: Techniques and clinical applications. Eur J Surg Oncol
35:675-685, 2009

162. Nyberg RH, Korkola P, Maenpaa J: Ovarian sentinel node. Is it feasi-
ble? Int J Gynecol Cancer 21:568-572, 2011

163. Negishi H, Takeda M, Fujimoto T, et al: Lymphatic mapping and senti-
nel node identification as related to the primary sites of lymph node
metastasis in early stage ovarian cancer. Gynecol Oncol 94:161-166,
2004

164. Hassanzadeh M, Hosseini Farahabadi E, Yousefi Z: Lymphatic map-
ping and sentinel node biopsy in ovarian tumors: A study using intra-
operative Tc-99m-phytate and lymphoscintigraphy imaging. J Ovarian
Res 9:55, 2016

https://doi.org/10.1016/j.ygyno.2019.03.103
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0132
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0132
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0132
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0133
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0133
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0133
https://doi.org/10.1016/j.ygyno.2019.04.002
https://doi.org/10.1016/j.ygyno.2019.04.002
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0135
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0135
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0136
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0136
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0136
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0136
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0136
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0136
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0136
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0137
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0137
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0137
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0137
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0138
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0138
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0139
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0139
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0139
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0140
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0140
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0140
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0141
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0141
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0142
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0142
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0142
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0143
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0143
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0143
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0144
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0144
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0144
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0145
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0145
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0145
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0146
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0146
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0146
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0147
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0147
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0147
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0148
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0148
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0148
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0149
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0149
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0150
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0150
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0150
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0151
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0151
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0151
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0151
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0152
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0152
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0153
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0153
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0153
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0154
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0154
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0154
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0155
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0155
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0156
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0156
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0156
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0156
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0157
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0157
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0157
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0158
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0158
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0158
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0159
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0159
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0159
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0160
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0160
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0161
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0161
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0161
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0161
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0162
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0162
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0162
http://refhub.elsevier.com/S0001-2998(19)30061-3/sbref0162

	Sentinel Node Mapping in Gynecologic Cancers: A Comprehensive Review
	Vulvar Cancer
	Cervical Cancer
	Endometrial Cancer
	Vaginal Cancer
	Ovarian Cancer
	References


