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Purpose. Ovarian cancer in the early stage requires a complete surgical staging, including radical lymphadenectomy, implying
subsequent risk of morbidity and complications. Sentinel lymph node (SLN) mapping is a procedure that attempts to reduce
radical lymphadenectomy-related complications and morbidities. Our study evaluates the feasibility of SLN mapping in patients
with ovarian tumors by the use of intraoperative Technetium-99m-Phytate (Tc-99m-Phytate) and postoperative lymphoscinti-
graphy using tomographic (single-photon emission computed tomography/computed tomography (SPECT/CT)) acquisition.
Materials and Methods. Thirty-two patients with ovarian mass participated in this study. Intraoperative injection of the radio-
pharmaceutical was performed just after laparotomy and before the removal of tumor in utero-ovarian and suspensory ligaments
of the ovary just beneath the peritoneum. Subsequently, pelvic and para-aortic lymphadenectomy was performed for malignant
masses, and the presence of tumor in the lymph nodes was assessed through histopathological examination. Conversely, lympha-
denectomy was not performed in patients with benign lesions or borderline ovarian tumors. Lymphoscintigraphy was performed
within 24 hr using tomographic acquisition (SPECT/CT) of the abdomen and pelvis. Results. Final pathological examination
showed 19 patients with benign pathology, 5 with borderline tumors, and 6 with malignant ovarian tumors. SPECT/CT identified
SLNs in para-aortic-only areas in 6 (20%), pelvic/para-aortic areas in 14 (47%), and pelvic-only areas in 7 (23%) cases. Notably,
additional unusual SLN locations were revealed in perirenal, intergluteal, and posterior to psoas muscle regions in three patients.
We were not able to calculate the false negative rate due to the absence of patients with involved lymph nodes. Conclusion. SLN
mapping using intraoperative injection of radiotracers is safe and feasible. Larger studies with more malignant cases are needed to
better evaluate the sensitivity of this method for lymphatic staging of ovarian malignancies.

1. Introduction

Ovarian cancer is diagnosed in the early stages of the disease
in a significant proportion of cases [1]. Bilateral pelvic and
para-aortic lymphadenectomy is recommended by FIGO (The
International Federation of Gynecology andObstetrics) in the
early stage of ovarian cancer [2]. However, patients with total

lymphadenectomy may suffer from complications such as
blood loss, chronic lower limb lymphedema, lymphoceles, etc
[3–5]. Furthermore, only a minority of these patients have
lymph nodal involvement, and this information is crucial
for the real benefit of routine lymph node dissection [6].

However, lymph nodal metastases upstage the disease
[7], and in order to reduce the procedure-related morbidity
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of routine total lymph node dissection, sentinel lymph nodal
(SLN) mapping in ovarian mass has been evaluated in the
research setting over the past decade.

The aim of the present study is to assess the feasibility of
ovarian SLN mapping using lymphoscintigraphy and tomo-
graphic acquisition (single-photon emission computed tomog-
raphy/computed tomography (SPECT/CT)).

2. Materials and Methods

The study design was prospective. A total of 32 patients were
diagnosed with an adnexal mass suggestive of a malignant
ovarian tumor who included increased tumor marker (CA-125;
cancer antigen 125) and sonographic characteristics confined
to O-RADS (The Ovarian-Adnexal Reporting and Data Sys-
tem) 4 and 5 [8], during a period fromMay 2019 to Dec 2021,
were eligible for inclusion in the study (Figure 1). All patients
provided fully informed consent to the study before their
enrollment. The study protocol was approved by the Local
Ethics Committee of our institute (approval number: 931331).

Exclusion criteria were as follows: known advanced stage
(FIGO stage II or greater) ovarian cancers; previous ovarian
surgery; previous vascular surgery, lymphadenectomy, or
lymph node sampling on the abdominal or pelvic region;
history of lymphoma or malignant tumor in the abdominal
or pelvic region; pregnancy or lactation.

After the opening of the abdomen and before the removal
of the ovarian mass, two injections included standard doses of
18.5MBq or 0.5mCi/0.2–0.5mL/each injection of Tc-99m-
Phytate were performed in the proper ovarian ligament and
the suspensory ligament, close to the diseased ovary and just
underneath the peritoneum. Regarding the dose of the tracer,
many studies (including several studies of our group) reported
the feasibility of a 2-day protocol by 1mCi total tracer with
excellent results in breast cancer [9, 10]. In addition, in the
previous study of our group, we also used the same low dose
for ovarian tumors with excellent results of imaging the day
after injection [11]. After a 15–20-min interval, to provide
sufficient time for the lymphatic flow of the radiotracer, the
adnexal mass was removed and sent for pathological (frozen-
section) analysis. Subsequently, if a benign lesion or borderline
ovarian tumor was revealed on the frozen section, lymph node
dissection was not performed. However, SLNs identified trans-
peritoneal using a handheld cesium iodide scintillation gamma
probe (Surgiguide, Partonegar Persia) by searching the para-
aortic and pelvic areas, and the locations of any detected SLNs

were recorded. The criteria of SLN identification was a “hot”
node with more than a 10-fold count as compared to the
background. The background was measured from the thighs
of the patients using gamma-probe. If a malignant ovarian
tumor was found, the retroperitoneal space was opened, and
SLNs were localized with the gamma-probe and assessed
through histopathological analysis using hematoxylin and eosin
staining. After the removal of the SLNs, the presence of radio-
activity in the location from which they were removed was
assessed, and no further action was taken if the radioactivity
was ≤10% of the background. Subsequently, a complete stan-
dard staging procedure, including pelvic and para-aortic lym-
phadenectomy, was performed. The surgeon also recorded the
location of non-SLNs removed. The histopathology of SLNs and
non-SLNs was performed separately. The morning after sur-
gery, all patients depending on the condition and mobility of
the patient, were sent to the nuclear medicine ward for lym-
phoscintigraphy, including tomographic (SPECT/CT) acqui-
sition of the abdomen and pelvis. Static images (10min/
image) in anterior and posterior views of the abdomen and
pelvis were performed, followed by tomographic SPECT/CT
images of the same regions using a SPECT/CT tomograph
(Precedence SPECT/6-slice CT scanner; GE), equipped with
dual 1.6-cm g-detectors and low-energy general-purpose col-
limators. Abdominal and pelvic SPECT data were obtained
through a circular orbit, a 128× 128matrix, and six view
angles over a total angle range of 360 and 25 s per stop,
then CT scanning was performed (120 keV, 80mAs, 3.75mm-
thick slices). Scintigraphic and SPECT/CT image interpreta-
tion was performed by two nuclear medicine physicians famil-
iar with SLN mapping. The results of the lymphoscintigraphy
were correlated with the intraoperative findings.

3. Results

Thirty-two patients were included in the study. The SLN
mapping procedure was completed in 30 of 32 patients
(94%). Table 1 shows the characteristics of patients. In two
patients with an endometrioma cyst, radiotracer injection
was not performed due to the presence of adhesions, which
prevented the access to the ovarian ligaments. The radio-
tracer was injected 13 times on the left side, 9 times on the
right side, and 8 times bilaterally. The final pathological
examination results showed 19 patients with benign disease,
5 with a borderline ovarian tumor, and 6 with a malignant
ovarian tumor. The results of the frozen section analyses

Final enrolled patients, N = 30

Failed injection due to severe
adhesions, N = 2 

Excluded patients, N = 13 

Advanced FIGO stages, N = 5 

Previous surgery, N = 3 

Previous chemotherapy, N = 5 

Included patients, N = 32

45 Patients

FIGURE 1: Flowchart of the patient’s selection.
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were confirmed at the final histopathological examination.
Figure 2 shows the hotspot locations identified with the
gamma-probe and with SPECT/CT postoperatively. At least
one SLN could be identified by gamma probing in all but
three patients, thus resulting in a 90% detection rate. More-
over, postoperative SPECT/CT lymphoscintigraphy did not
reveal any SLN in these three patients. Patients with malig-
nant pathology all had at least one SLN harvested during
surgery (100% detection rate). In four patients (Patients 3,
5, 7, and 26), postoperative SPECT/CT detected two hotspots
on the same location of SLNs by gamma probing. SPECT/CT
lymphoscintigraphy shows three aberrant locations for SLNs,
including intergluteal, perirenal regions, and posterior to
psoas muscle in Patients 4, 6, and 29, respectively (Figure 3).
Overall, SLNs were identified in para-aortic/aortocaval areas
in 6 patients (20%), pelvic/para-aortic areas in 14 (47%) patients,
and pelvic-only areas in 7 (23%) patients in whom SLNs were
detected. Most patients had ipsilateral lymphatic drainage to
the ovarian injection side. Nevertheless, in this study, three
patients (2, 24, and 29) had contralateral lymphatic drainage.
In addition, in Patient 4, bilateral lymphatic drainage was
observed. In the patients with bilateral ovarian injection (eight
cases), lymphatic drainage was noticed on the right pelvic
side/aortocaval region in two cases (Patients 3 and 15), left
pelvic side/para-aortic region in two cases (Patients 18 and
23), bilateral pelvic side in two cases (Patients 6 and 13) and
no SLNs in two cases. In 16 patients with para-aortic SLNs,
injection sides were bilateral in 2 cases, the left side in 10 cases
and the right side in 4 cases. In patients withmalignant pathol-
ogy, none had SLN or non-SLN involvement by histopatho-
logical examination. Adverse reactions to radiotracer did not
occur in any of the patients during the 7-day follow-up period.
Figure 4 shows SPECT/CT lymphoscintigraphy images of
Patient 24.

4. Discussion

The significance of ovarian SLN mapping in early ovarian
cancer has been outlined in the literature. This is primarily
due to two facts. First, Lago et al. [7, 12] and Uccella et al.
[13] reported upstaging of early ovarian cancer by detected
lymph node metastases. Second, systemic lymphadenectomy
for nodal staging is accompanied by the risk of complications
[5, 14]. In line with the studies already performed on ovarian
SLN mapping, our study illustrates that SLN mapping of
ovarian masses is feasible, resulting in a detection rate of
90% by using an intraoperative gamma probe. We summa-
rized the information about the published studies on ovarian
SLN mapping in addition to the current one (Table 2). In the
majority of published studies, the radiotracer injection was
performed with the adnexa still in situ. However, some stud-
ies [12, 22, 23] performed the radiotracer injection in the
infundibulo-pelvic and utero-ovarian ligament stumps after
the removal of the ovarian tumor, during the same or a
subsequent surgical procedure. SLN detection rates ranged
from 100% [12, 22] to 27% [23]. As such, more studies are
needed to better explore the impact of tracer injection in
ovarian SLN mapping. Notably, near-infrared fluorescent

technology is unfortunately not available in all centers for
the detection of ICG (indocyanine green)-stained SLNs. In
addition, allergic reactions are reported to blue dyes during
SLN mapping. Furthermore, SLN mapping using blue dye
seems to be more affected with high body mass index [21].
As such, Tc99m-radiocolloids seem to be the preferred tracers
for ovarian SLN mapping. Most of the studies that utilized
Tc99m-radiocolloids asmappingmaterial used amedian dose
of 37–74MBq, which equals 1–2mCi per injection.We used a
low dose of Tc99m-Phytate (18.5MBq equals 0.5mCi per
injection) with a relatively high SLN detection rate, which
exposes the patients to a small amount of radiation. Consid-
ering the literature, we noted that injection just underneath
the peritoneum resulted in a higher detection rate compared
to ovarian cortex injection. As such, in line with most of the
studies, we also performed the radiotracer injection in the
suspensory and the infundibulo-pelvic ligaments with high
success and detection rate. Previous studies used a median
15-min interval between Tc99m-radiocolloid injection and
lymph node mapping, which seems enough to allow the
flow of the radiotracer to the SLNs and cause an acceptable
SLNs detection rate. In the current study, we used a waiting
time of 15–20min after injection with a comparable detection
rate. Thus far, only three studies [11, 15, 20] on ovarian SLN
mapping used imaging of SLNs using lymphoscintigraphy
post-operatively rather than intraoperative count of the
para-aortic or pelvic areas as the preferred method for SLN
detection. In patients with benign disease who did not
undergo lymph node dissection, this is the only method to
show the exact location of SLNs. Adding SPECT/CT to the
lymphoscintigraphy imaging ratifies this with a higher accu-
racy. To the best of our knowledge, except our study, only
Speth et al. [20] already studied ovarian SLN mapping by
postoperative SPECT/CT. Our study shows that hot spots
were found isolated in the para-aortic and paracaval regions
in 20%, in the pelvic region only in 23%, and in both the para-
aortic/paracaval and the pelvic regions in 47% of the patients.
In all but four patients, the SLNs were ipsilateral to the injec-
tion site. Among these four patients, three cases had contra-
lateral lymphatic drainage and one patient was bilateral.
These results are fairly similar to the previous studies in this
regard [16–19, 21]. In some patients, postoperative SPECT/
CT showed additional SLNs at the same location compared to
only one SLN detected by gamma probing. This is because
SPECT/CT has a better spatial resolution, and in particular, a
significant body of evidence in the literature clearly shows that
hybrid imaging increases the accuracy of scintigraphic studies
in SLNmapping by providing a precise anatomical/functional
correlation [24, 25]. In addition, SPECT/CT techniques and
algorithms such as whole-body SPECT/CT (to discover aber-
rant sentinel nodes outside the conventional lymphadenect-
omy locations) and resolution recovery algorithms (to
improve sentinel node detections via better resolution) would
be helpful in the future studies. Moreover, SPECT/CT detects
aberrant SLNs (e.g., intergluteal, perirenal) in unexpected
locations, which are conventionally overlooked by intraopera-
tive gamma probing. Specifically, these aberrant locations are
important in the malignant ovarian mass where metastatic

4 Contrast Media & Molecular Imaging
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involvement of lymph nodes can be missed by routine intrao-
perative gamma probing. Moreover, the results of this study
indicate that lymphatic drainage of the unilateral ovarian
mass may be contralateral or bilateral. As such, it is important
that bilateral lymph node locations are searched for SLN by
intraoperative gamma probing. In addition to the detection
rate in ovarian SLN mapping studies, false negative rate (and
following sensitivity) is also an important index of the SLN
mapping studies. However, a major limitation is the fact that
because ovarian cancers are often diagnosed at an advanced
stage of the disease, only a small group of patients with early
ovarian cancer were considered in this study. On the other
hand, definitive diagnosis of the type of adnexal mass (benign
vs. malignant) prior to resection and frozen section is not
possible, while the SLN mapping procedure should be per-
formed before ovarian mass resection. As such, most of the

studies did not include enough malignant ovarian mass cases
for lymph node dissection and histopathological assessment,
resulting in insufficient data to calculate false negative rate
and sensitivity. In our study, no patients had involved lymph
nodes and, as such, we were not able to calculate the false
negative rate. To date, only five studies [11–13, 17, 21] had
sufficient data to assess the sensitivity of SLN mapping in the
lymphatic staging of ovarian tumors. SLN mapping and
biopsy in ovarian tumors is actually in its infancy, and the
feasibility of lymphatic mapping for ovarian masses is still
under debate. Our study clearly showed that lymphatic map-
ping is feasible in ovarian masses using SPECT/CT as an
adjunct. As malignancy of ovarian masses cannot be deter-
mined before surgery with certainty, benign or intermediate
tumors would be invariably included in all studies in this
topic, which limits the number of patients with pathologically

ðaÞ ðbÞ

ðcÞ ðdÞ

ðeÞ ðfÞ
FIGURE 4: Planar lymphoscintigraphy in the (a) anterior and (b) posterior views show hotspots in the mid-abdomen and left pelvic side.
SPECT/CT shows the exact location of these hotspots compatible with para-aortic and left internal iliac sentinel lymph nodes in the (c, d)
transverse and (e, f ) coronal views.
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involved regional lymph nodes (very few studies reported
these cases thus far). Therefore, more studies with larger sam-
ple sizes are warranted to confirm the results of these studies.
In agreement with several previous studies [26–28], the radi-
ation safety of ovarian SLNmapping was also reiterated in our
study.

5. Conclusion

SLN mapping is feasible in ovarian masses with a high detec-
tion rate confirmed by postinjection lymphoscintigraphy
SPECT/CT and expected lymphatic drainage to pelvic and
para-aortic areas. Harvesting SLNs in malignant ovarian
masses is also possible. Larger studies with more malignant
cases are needed for better evaluation of false negative rate
and sensitivity.
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