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Abstract. Purpose. The purpose of this study was to
assess the feasibility of sentinel lymph node (SLN) de-
tection in endometrial cancer patients with a dual-tracer
procedure after hysteroscopic peritumoural injection.
Methods. Twenty-six women with previously untreated
endometrial adenocarcinoma underwent the hysteroscop-
ic injection of 111 MBq %°mTc-Nanocoll and blue dye
administered subendometrially around the lesion. On the
same day, all 26 patients underwent lymphoscintigraphy,
followed 3—4 h later by hysterotomy with bilateral sal-
pingo-oophorectomy and pelvic lymphadenectomy. Para-
aortic lymphadenectomy was also performed in cases of
either serous or papillary carcinoma (n=7/26). All SLNs
were removed and examined with haematoxylin and
eosin staining and immunohistochemical techniques.
Results. The procedure was well tolerated by patients,
only two experiencing transient vagal symptoms. The
sensitivity of this technique for correct identification of
SLNs was 100%. Lymph node metastases were found in
4 out of the 26 patients (15%), bilaterally in the external
iliac region (n=1), unilaterally in the external iliac region
(n=1), unilaterally in the common iliac region (n=1) and
unilaterally in the para-aortic region (rn=1). In all four
cases, nodal metastases were located within SLNs de-
tected by lymphoscintigraphy. Only 10 of the 26 patients
(38%) had significant blue dye staining. All blue-stained
SLNs were radioactive.

Conclusion. In patients with endometrial cancer, it is
feasible to use lymphatic mapping and SLN biopsy to
define the topographic distribution of the lymphatic
network and also to accurately detect lumbo-aortic and
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pelvic metastases within SLNs. In the majority of pa-
tients with early stage endometrial cancer, this procedure
may avoid unnecessary radical pelvic lymphadenectomy.
It may also guide para-aortic lymph node dissection on
the basis of the SLN status.
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Introduction

In many tumours, lymph node staging is performed
using various nuclear medicine procedures, including
sentinel lymph node (SLN) biopsy and emission tomo-
graphy. SLN biopsy has an established role in malignant
melanoma [1] and its use is increasingly being validated
in patients with gynaecological tumours that give rise to
lymph node metastases, such as breast cancer [2], vulvar
cancer [3] and cervical carcinoma [4]. The assessment of
lymph nodes by lymphoscintigraphy and SLN biopsy
may also be of interest in endometrial cancer for several
reasons. This is the most frequent cancer among post-
menopausal women and is the fourth most common
gynaecological cancer in the USA and Europe. In pa-
tients with such tumours, lymph node status is the most
important predictor for survival. The 5-year diseasefree
survival in stage I patients with positive pelvic nodes has
been reported to be 54%, as against 90% for those with
negative nodes [5]. Metastatic nodal involvement may
affect pelvic and para-aortic lymph nodes. To date, pel-
vic lymph node dissection has been performed on a rou-

European Journal of Nuclear Medicine and Molecular Imaging Vol. 32, No. 5, May 2005



570

tine basis, while para-aortic lymphadenectomy is not
systematically carried out [6, 7]. In addition, in early
stage endometrial cancer, the frequency of lymph node
metastases is low (i.e. 6.8-18%), and the surgical mor-
bidity is not negligible. However, only a few studies
[8—14] have assessed the feasibility of lymphoscintigra-
phy and SLN biopsy in women with endometrial carci-
nomas. In these series, varying methodologies have been
used with different results. The aim of the present study
was to assess the feasibility of SLN detection in patients
with proven endometrial cancer by use of a dual-tracer
injection based on a subendometrial hysteroscopy tech-
nique as pioneered by Niikura et al. [15].

Materials and methods

Study population

Twenty-six previously untreated, consecutive patients with endo-
metrial cancer (mean age 54 years, range 46—67) without any clin-
ical evidence of lymphatic metastases and no concurrent and/or
previous cancers, were enrolled in the study between 2002 and
2004. The study focussed on patients with early stage disease and
a low probability of lymph node metastases. In these patients there
is an indication for pelvic lymph node dissection but not for lum-
bo-aortic dissection. The exclusion criteria were preoperative
histological diagnosis of clear cell carcinoma or serous papillary
adenocarcinoma, risks related to anaesthesia, and preoperative and
intra-operative evidence of distant metastasis. However, when the
histological diagnosis of clear cell carcinoma or serous papillary
adenocarcinoma was made at surgery, as occurred in 7 of the 26
patients examined, data were retained and are reported. The clini-
cal diagnosis of endometrial cancer was achieved by a hystero-
scopic examination. Lymphoscintigraphy was performed on the
same day as surgery to identify the deep lymphatic basins that
could not be recognised solely on the basis of clinical examina-
tion.

Technique
Tracer injection

The radiopharmaceutical and blue dye (Monico S.p.A.,
Venezia/Mestre, Italy) were injected by hysteroscopy (Solima-
Zupi hysteroscope; Wolf, Knitlingen, Germany) in the suben-
dometrial layer of the uterine wall within 2-3 mm of the visible
edge of the tumour. The radiopharmaceutical consisted of albumin
nanocolloid particles ranging in size from 5 to 80 nm [16],
labelled with 9mTc (Nanocoll; Nycomed Amersham Sorin S.r.l.,
Saluggia, Italy). Approximately 111 MBq of 99m Tc-Nanocoll in
5 ml of saline was administered in the subendometrial layer. The
total dose of 111 MBq was established by starting from 37 MBq
[17, 18] and then increasing this initial activity first two- and then
threefold in the first three patients until the image quality and the
nodal activity during the surgical procedure (in which a gamma
probe was used) were deemed adequate. The injection was per-
formed through a 23-gauge, 30-cm-long needle (code 6522IT;
Bard Ltd., Crawley, Sussex, UK) to minimise the endometrial
trauma. The depth of needle placement was assessed by visualisa-

tion of the endometrial elevation during injection. Penetration of
the myometrium by the needle was avoided by paying attention to
pain elicitation and to the increase in resistance to injection. The
number of injections was three or four depending on the lesion site
and shape, and the injections were placed around the cancer at ap-
proximately 90° or 120° to each other. After the administration of
radiocolloid, a total volume of 8 ml of blue dye was injected in the
peritumoural area at the same site as the radiopharmaceutical in-
jection. Radiopharmaceutical and blue dye were injected concur-
rently, by means of separate injections and volumes, because the
two tracers have a different kinetic behaviour and because transi-
tory impairment of visibility at hysteroscopy may be observed
following injection of blue dye owing to leakage into the uterus.
No anaesthesia was used during the entire procedure.

Imaging

After administration, a 15-min dynamic planar acquisition was
performed in the anterior view with a gamma camera (Prism 1000
XP; Picker, Cleveland, OH, USA) equipped with a low-energy
general-purpose collimator; the acquisition window was set at
140 keV [19-22]. This initial acquisition was followed by sequen-
tial static imaging every 5 min for up to 1 h or until two or three
SLNs had been identified. For dynamic images, the matrix size
was 125x125, while for the static images it was 256x256. The
static images in the anterior view included the entire pelvis. Poste-
rior and/or oblique projections and lateral views were acquired
after the last anterior projection acquisition in order to better iden-
tify the depth of the SLNs. Transmission images were acquired in
the anterior view with a 37Co flood source [23] to assist in lymph
node localisation. Finally, to facilitate the surgical resection, a ref-
erence mark was placed on the skin, corresponding to the position
of the SLN visualised by lymphoscintigraphy with the help of the
57Co marker.

Surgical technique

Within 3—4 h of lymphoscintigraphy, patients underwent a hyster-
ectomy with bilateral salpingo-oophorectomy and systematic pel-
vic lymphadenectomy. The pelvic lymphadenectomy entailed re-
moval of the pelvic nodes from the common iliac vessels to the
deep obturator fossae. If the tumour histology was found at sur-
gery to be of either the serous or the clear cell type,para-aortic
lymphadenectomy was performed; this event occurred in seven
cases. The lymph nodes were isolated from the fatty tissue without
freezing or preservation.

Gamma-detecting probe and lymph node biopsy

Following hysterectomy and bilateral salpingo-oophorectomy, but
prior to lymphadenectomy, a crystal scintillator (Csl) gamma
probe (C-Track System; Care-Wise, CA, USA) [24-26] was used
intraoperatively to confirm the location of the SLN as seen on
scintigraphy and using the images and skin mark as guides. The
lymph node emitting the highest signal was recorded and identi-
fied as an SLN and then isolated for pathological examination.
Following dissection, all surgical specimens were scanned by the
probe to identify residual hot spots in the abdomen or in the lym-
phadenectomy specimen. In the event of focal accumulations of
radioactivity, specimens were sent in separately as SLNs with pro-
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Table 1. Tumour site distribution

Tumour site No. of patients

Lateral

Anterior

Posterior

Cervical canal involvement
Tubal ostium

Total uterine involvement

[\SIN (O S IRV, INe e )Y

Table 2. Patient and disease characteristics (n=26)

Mean age (range) 54 (46-67)
Stage

Ia 6
Ib 13
Ila 2
IIlc 5
Histological type

Clear cell 3
Serous 4
Endometrioid 18
Unclassified 1

gressive identification numbers. The threshold level was set at
80% of the radioactivity of the hottest SLN if the lymph node was
close to the hottest node, and at 30% if the lymph node was far
from the hottest node, in another lymphatic basin. All surgically
removed lymph nodes were re-examined with the gamma probe ex
vivo.

Pathological examination

All lymph nodes were removed from the fatty tissue without freez-
ing or preservation and were examined using haematoxylin and
eosin staining; in the case of serous papillary and clear cell
tumours, the nodes were also examined immunohistochemically
using anti-cytokeratin AE1/AE3 monoclonal antibody of the acid-
ic and basic subfamilies. Nodes of at least 0.5 cm in diameter were
dissected, and those smaller than 0.5 cm were fixed and embedded
and cut. Three sections were obtained from each node
(100-500 wm apart). The tumour was histologically classified ac-
cording to the FIGO classification of endometrial cancer [27].

Results

The hysteroscopic procedures were considered satisfac-
tory in visualising the uterine cavity before and during
the injection of the tracers. The mean duration of the
hysteroscopic procedure was 8 min (range 5-9 min).
Patient compliance with the procedure was acceptable in
all but two cases. Both of the latter patients presented a
mild vagal reaction which resolved spontaneously. The
tumour site distribution is shown in (Table 1). Eighteen
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Fig. 1. Static images of SLNs (arrows) in the right external iliac
and para-aortic regions 60 min after peritumoural injection of
111 MBq of 9mTc-Nanocoll

patients (69%) had an endometrioid adenocarcinoma,
four (16%) had a serous papillary adenocarcinoma, and
three (11%) had a clear cell adenocarcinoma; one case
(4%) was considered unclassifiable since while the diag-
nosis was supported by a biopsy sample, the final histo-
logical analysis revealed only necrotic tissue (Table 2).
A total of 921 lymph nodes were dissected.

Scintigraphic results

Scintigraphy successfully identified SLNs in all patients
(identification rate 100%) (Figs. 1, 2). In all patients,
drainage to more than one lymphatic basin was ob-
served, and the mean number of SLNs detected was
three (range two to four). Sixty-five SLNs were first
detected by lymphoscintigraphy and then using the ra-
dio-guided probe. The location and number of SLNs de-
tected by radio-guided surgery are reported in Table 3.
During surgery the SLN was consistently identified by
both the radionuclide procedure and the patent blue dye
technique in only ten patients (38%). No patients pre-
sented blue dye uptake in combination with negative 99m
Tc-Nanocoll findings, and no cases of blue dye uptake in
the para-aortic nodes were observed.

In only two cases were the SLNSs identified with diffi-
culty during surgery, as lymphoscintigraphy revealed at
most very faint uptake of radioactivity. In one of these
cases the injected activity was not sufficient, at less than
37 MBq, while in the other, bleeding occurred during the
tracer injection, suggesting possible venous injection of
the tracer. In the remaining cases, tracer uptake was suf-
ficient to identify the SLN during surgery, though the up-
take varied from 10 to 2,000 counts per second (cps). No
correlation was found between the site of the SLN and
the site of the tumour. The mean cumulative duration of
intraoperative detection of the SLN and its dissection
and removal was 23 min (range 17-31 min). In no case
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Fig. 2. Static images of SLNs (arrows) in the right and left para-
aortic regions in a patient with endometrial cancer

Table 3. Location and number of SLNs detected by radio-guided
surgery

Site Uni-/bilateral location of SLNs
Unilateral Bilateral

Common iliac 7 5

External iliac 12 4

Internal iliac 2

Obturator 6 3

Para-aortic 14

was there contamination of the peritoneum by blue dye
or by 9mTc, appearing as tubal leakage of the tracers. No
intraoperative complications were recorded. One patient
was resubmitted to laparotomy for pelvic pain and pelvic
lymphocele 3 weeks after discharge. These complica-
tions were related to lymphadenectomy.

Results of pathology

Lymph node metastases were identified in four of the 26
women by pathological examination of the 921 resected
lymph nodes. These metastatic lymph nodes were local-
ised bilaterally in the external iliac region in one patient,
unilaterally in the external iliac region in one, unilateral-
ly in the common iliac region in one and unilaterally in
the para-aortic region in one. In all four cases, the nodal
metastases were seen in lymph nodes depicted as SLNs
by lymphoscintigraphy (Table 4).

The follow-up of the patients enrolled in the study
ranges between 4 and 23 months; no relapses have been
observed so far.

Table 4. Distribution of SLN metastases

Site Uni-/bilateral location of metastases
Unilateral Bilateral

Common iliac 1

External iliac 1 1

Internal iliac

Obturator

Para-aortic 1

Discussion

This study aimed to assess the lymphatic drainage of the
uterus and the feasibility of SLN biopsy in patients with
endometrial cancer—a type of tumour in which metas-
tases occur in deeply seated nodes and complete lym-
phadenectomy is usually performed. To this end, we test-
ed a technique for lymphoscintigraphy and SLN detec-
tion in endometrial cancer based on the hysteroscopic
peritumoural injection of 9MTc-labelled albumin
nanocolloid.

The results of this study confirm the feasibility of
the SLN technique in patients with endometrial cancer
when performed by peritumoural tracer injection, and the
possibility of achieving extensive visualisation of the
lymphatic drainage and of SLNs. Moreover, it was dem-
onstrated that the technique is applicable with minor
patient discomfort during a routine hysteroscopic proce-
dure on the same day as surgery.

In total, 65 SLNs were detected. It is of note that 14
of these 65 SLNs (21%) were found in the para-aortic
basin, confirming that this is a primary pathway in lym-
phatic endometrial drainage and also that its visualisa-
tion by lymphoscintigraphy and intraoperative detection
using a gamma probe are feasible.

In our series of patients the rate of SLN detection by
99mTc-Nanocoll was 100%, since every SLN seen on
lymphoscintigraphy was found by the probe during sur-
gery, whereas the sensitivity of nodal blue dye detection
was only 38%. This low sensitivity represents a further
limitation to the use of blue dye for SLN detection, over
and above the laborious nature of the search for the SLN,
which is possible only after peritoneal incision.

Pathological analysis demonstrated five lymph node
metastases in 4 of 26 patients. All five metastatic lymph
nodes were among the 65 identified as SLNs. Moreover,
they were the only metastatic nodes among the 921 re-
sected: no other lymph node was detected by histology
as metastatic among those examined following complete
lymphadenectomy. This result suggests that the detection
and dissection of the SLN to assess the spread of metas-
tases ensures proper nodal staging. Not only was it pos-
sible to visualise the para-aortic nodes, but in one patient
in our series, who had serous papillary carcinoma, such
visualisation led to the detection of the only metastatic
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lymph node. This result confirms the importance of
para-aortic assessment especially in serous papillary car-
cinoma.

No discomfort was reported by patients during needle
placement and tracer injection, probably because of the
limited nociceptor distribution in the endometrium, even
in the deepest layers. The use of hysteroscopy in patients
with endometrial cancer entails potential risk owing to
the possibility of tumour cell dissemination through the
fallopian tubes and into the peritoneal cavity [28, 29]. To
distend the uterine cavity during the hysteroscopic
procedure, intrauterine pressure is applied. However, us-
ing hydrotubation, Baker and Adamson [30] found that
the minimum intrauterine pressure required to distend
the uterine cavity during hysteroscopy is less than
40 mmHg, which is lower than the pressure at which
spillage from the fallopian tubes occurs (no spill oc-
curred at pressures <70 mmHg). Using this technique,
positive peritoneal cytology for neoplastic cells was ob-
tained in only one case; furthermore, positive peritoneal
cytology is not clearly recognised as an independent
prognostic factor in endometrial adenocarcinoma [31].
Based on these data we believe that our technique is
technically safe and does not entail a risk of iatrogenic
upstaging that would potentially have a negative impact
on the final outcome.

Only a few studies have focussed on SLN detection in
endometrial cancer. In the studies of Pelosi et al. [9] and
Barranger et al. [14], 9“Tc-Nanocoll and blue dye were
injected in the pericervical region. Laparoscopic nodal
dissection under gamma probe guidance enabled the rec-
ognition of SLNs within the pelvic lymphatic system, the
sensitivity for SLN detection being 100% in each of the
studies. However, use of pericervical injection for all
patients, regardless of the tumour location, could have
resulted in failure to detect aortic SLNs (and possible
lymphatic metastases), i.e. false negative findings may
have been acquired in some cases that could have been
detected had para-aortic lymph node dissection been per-
formed.

Burke et al. [8] injected the tracer in the uterus trans-
serosally at three mid-line sites, irrespective of the
tumour site. They used only blue dye and recognised an
SLN in just 70% of cases. Niikura et al. [15] were the
first to employ hysteroscopic injection, injecting 99mTc-
labelled sulphur colloid dissolved with patent blue dye
into the peritumoural endometrium on the day preceding
surgery. They used blue dye not to detect SLNs but to
ensure injection in the subendometrial layer without
leakage. They detected SLNs in the para-aortic region in
18 of 25 patients, with a sensitivity and specificity of
100%. The present study confirms and extends our own
preliminary results and highlights the importance of peri-
tumoural tracer injection in ensuring that para-aortic
SLNs are not overlooked. Our results are in agreement
with the findings of Niikura et al. [15], who detected dif-
ferent lymphatic pathways draining from the uterine cer-
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vix and the corpus uteri. In the latter case, the para-aortic
basin is frequently involved, and tracer injection in the
peritumoural area becomes mandatory for assessing the
para-aortic nodes. Building on previous work [5, 6, 11],
this study demonstrates the possibility of detecting para-
aortic SLNs by peritumoural injection, thereby allowing
correct disease staging and offering the potential for tai-
lored lymphadenectomy.

This study was conceived to assess the feasibility of a
1-day procedure based on peritumoural radiopharmaceu-
tical injection for the visualisation of the nodal basins in
patients undergoing a standardised predefined surgical
protocol for endometrial cancer. The intention was to in-
clude only patients with early and not very aggressive
forms of endometrial cancer. However, some patients
with serous papillary or clear cell endometrial cancer
were included because the diagnosis was made at sur-
gery. Patients with early stage endometrial cancer have a
low incidence of nodal metastases and, given the preop-
erative assumption of low aggressiveness, it was not an-
ticipated that systematic para-aortic lymphadenectomy
would be necessary in our patients. In the event, para-
aortic lymph nodes were dissected only in those patients
found to have serous papillary and clear cell endometrial
cancer. Given that surgical procedures varied among pa-
tients owing to differences in the type of disease, this
study must be considered preliminary and to have had
the principal aim of assessing the feasibility of the proce-
dure rather than its clinical value. Indeed, the findings of
the present study do not allow conclusions to be drawn
regarding the predictive value of SLN biopsy in endome-
trial adenocarcinoma. To this end, a multicentre study
aimed at systematic assessment of the predictive value of
SLN biopsy with respect to para-aortic lymph nodes is in
progress.

Conclusion

In patients with endometrial cancer, SLN dissection with
hysteroscopic peritumoural tracer injection is feasible in
a 1-day procedure. Such a technique may reduce the use
of radical pelvic lymphadenectomy while achieving ac-
curate nodal staging with a low morbidity. In addition,
the procedure allows the detection of para-aortic lymph
node metastases. Prospective multicentre studies with a
large number of patients are needed to assess the predic-
tive value of SLN biopsy in endometrial cancer.
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