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Abstract
Objective: Sentinel lymph node (SLN) detection in ovarian cancer is feasible when tracers are injected
before the pathological ovary is resected. This study aims to investigate whether the SLN identi�cation is
also feasible in patients whose ovarian tumor has already been resected with injection of the tracer into
the ovarian ligaments stumps, i.e. in the event that a frozen section con�rms malignancy.

Methods: Patients who underwent laparotomy with frozen section con�rming an ovarian malignancy, and
those who underwent a second staging laparotomy after prior resection of a malignant ovarian mass,
were included. Blue dye and a radioactive isotope were injected in the stumps of the ligamentum ovarium
proprium and the ligamentum infundibulo-pelvicum. After an interval of at least 15-minutes, the sentinel
node(s) were identi�ed using either the gamma-probe and / or blue dye.

Results: A total of 11 patients were included in the study, the sentinel node (SLN) procedure was
completed in all 11 patients. At least one SLN was identi�ed in 3 patients, resulting in a rather low
detection rate of 27,3%.

Conclusion: In this study we showed that SLN procedure after (previous) resection of the tumor seems
inferior to detect sentinel nodes when compared to injection of the tracer in the ovarian ligaments before
tumor resection.

Trial registration on clinical trials: NCT02540551 https://clinicaltrials.gov/ct2/show/NCT02540551

Introduction
The International Federation of Gynecology and Obstetrics recommends surgical staging in patients with
clinical early-stage epithelial ovarian cancer (EOC) including pelvic and para-aortic lymphadenectomy to
detect lymph node metastases. There is 14% (range 6.1–29.6%) chance of �nding lymph node
metastases, implicating pathological advanced stage disease with an indication for adjuvant
chemotherapy (1). The more lymph nodes are removed, the higher the likelihood of detecting metastases
(2). Although complete pelvic and para-aortic lymphadenectomy has been shown to detect up to 250
lymph nodes, radical lymphadenectomy has been associated with serious potential morbidity (3, 4, 5) and
there is therefore a great difference in the extent of lymph node dissection between different centers (6, 7,

8).

The concept of sentinel lymph node (SLN) surgery is widely used in different tumor types to assess
whether the cancer has spread to the �rst lymph node in the lymph drainage pathway, called the SLN. The
absence of cancer cells in the SLN is associated with a high probability that the cancer has not spread to
other lymph nodes. The SLN technique has proven effective in the staging of various types of cancer,
including breast cancer, malignant melanoma, and vulvar cancer (9, 10, 11). In these tumor types, the SLN
technique has replaced the systematic performance of complete lymphadenectomy, reducing associated
comorbidities such as lymphedema.

https://clinicaltrials.gov/show/NCT02540551
https://clinicaltrials.gov/ct2/show/NCT02540551
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Several studies have described the feasibility of the SLN technique in patients with early-stage EOC (12–

22). Most recent studies utilized a method in which a tracer is injected into the ovarian ligaments prior to
tumor resection, with nearly all of these studies reporting very high detection rates (71–100% )of at least
one SLN. If intraoperative pathologic examination of the frozen section con�rms an ovarian malignancy,
lymph node resection is performed. If the result of the frozen section shows a benign or borderline tumor,
staging is not required and tracer injection prior to resection would have been unnecessary.

The main objective of this study was to investigate whether the SLN mapping technique is applicable to
patients who have already undergone ovarian tumor resection. Using this technique, the tracer is injected
into the stumps of the ovarian ligaments if either the result of a frozen section con�rms malignancy, or
de�nitive pathology con�rms malignancy and a second surgical procedure is performed.

Materials And Methods

Patients
Patients who underwent laparotomy with frozen section for a pelvic mass suspicious for malignancy and
those who underwent a second staging laparotomy after prior resection of a malignant ovarian mass at
Maastricht University Medical Centre or Radboud University Medical Centre Nijmegen were included in
this study. All patients provided fully informed written consent prior to study enrolment, and the study
protocol was approved by the local ethics committee (approval number: NL53246.068.15). Patients were
excluded if they had undergone previous vascular surgery of the aorta, caval vein, and/or iliac vessels; if
they had undergone previous lymphadenectomy or lymph node sampling in the iliac or para-aortal region;
if they had a history of malignant lymphoma or malignant tumor in the abdominal cavity; if they had
experienced a previous allergic reaction to blue dye or human albumin; or if they were pregnant or
lactating.

SLN procedure
Patients with high suspicion of a malignant ovarian tumor received general anesthesia. After median
laparotomy, the ovarian tumor was removed and sent to the pathologist for frozen section analysis. In
case of a benign or borderline result, SLN detection was not attempted. If the frozen section showed
malignancy, four aliquots, each containing 0.2 ml patent blue dye and 0.15 ml (20 MBq) of radioactive
99mTc-nanocolloid (Nanocoll®; GE Healthcare, Eindhoven, the Netherlands), were injected into the dorsal
and ventral sides of the remains of the ligamentum ovarium proprium and the ligamentum infundibulo-
pelvicum (lateral side) just below the peritoneum (Fig. 1). After an interval of at least a 15 minutes, the
retroperitoneal space of the pelvic and para-aortic regions was opened, and the presence of SLN(s) was
examined using the gamma-probe and/or visually (blue dye). The surgeon recorded the number and
location of the resected SLNs. Twelve locations were assessed: the upper and lower para-aortic regions,
the upper and lower inter-aortocaval regions, the upper and lower para caval regions, the right and left
common iliac regions, the right and left external iliac regions, and the right and left obturator fossa
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regions. After removal of identi�ed SLNs, the location was re-examined with the gamma probe for the
presence of other lymph nodes containing more than 10% of the activity in the SLN. After this procedure
with or without detection of SLNs, the complete standard staging procedure was performed, including a
comprehensive random sampling of other lymph nodes locations, hysterectomy, resection of the
contralateral adnex and standard peritoneal biopsies.

The procedure performed in patients undergoing a second surgical staging procedure after resection of
the ovarian malignancy was identical, starting with the injections of four aliquots of blue dye and
radioactive tracer into the remnants of the ligaments.

Histopathology
SLNs and non-SLNs were examined separately. Non-SLNs were cut into single sections and stained with
hematoxylin and eosin (H&E), according to the standard protocol for lymph node examination. SLNs were
cut into 2 mm sections for H&E staining. H&E-negative SLNs in the �rst section were further cut into
0.5 mm sections and examined for the presence of micro metastases (0.2 mm). At each step, the
sections were immunohistochemically stained with antibody to cytokeratin MNF-116.

Sample size calculation
In a previous study, the rate of detection of hotspot(s) following injection of radioactive tracers and a
15 min waiting period before resecting the adnexal mass was 100% (15). Based on these results, a sample
of 20 evaluable patients was considered large enough to determine whether identi�cation of SLNs is
feasible (detection rate of at least 50%) following a salpingo-oophorectomy and injection of tracers into
the remnants of the ovarian ligaments. An interim analysis was planned after the evaluation of the �rst
ten patients.

Results
The interim analysis was performed after the inclusion of eleven patients (the last two patients were
included within one week). Patient characteristics are shown in Table 1. In three patients only, at least one
SLN was identi�ed (27%, CI 10–54%). Although the CI reached just above 50%, this low percentage
prompted us to terminate the study prematurely.

None of the patients experienced any allergic or adverse reactions. The SLN procedure was performed on
the left side in six patients (54.4%), on the right side in four patients (36.4%), and on both sides in one
patient (9.1%). In eight patients, the SLN procedure was performed during the initial surgical procedure
based on frozen section results indicative of malignancy. In the remaining three patients, a second
surgical procedure was performed between 5 and 8 weeks after the original surgery.

SLN detection and location after injection
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In three out of eleven patients SLN’s were identi�ed with the γ-probe 15 min after the injection of the
radioactive tracer (Table 2). In two of these patients, one SLN each was identi�ed on the ipsilateral side,
the para-aortic, and the paracaval region. In the remaining patient, two SLNs were found, one in the inter-
aorto-caval region and the other close to the common iliac artery on the contralateral side. No SLNs could
be identi�ed based on blue colorization. None of the SLNs were positive for metastasis. Furthermore,
none of these three patients had lymph node metastases in the non-SLNs, which were resected to
complete the staging procedure. Of the eight patients lacking SLN, one had a lymph node metastasis in a
non-SLN.

Discussion
Many studies have evaluated the feasibility of detecting SLNs by injecting tracer(s) into the mesovarium
and/or ovarian ligaments. Tracer injection prior to tumor resection and examination by frozen sections
resulted in very high detection rates (87.5–100%) of at least one SLN (12–22). The present study showed
that injection of tracer into the remains of both ovarian ligaments after resection of the pathological
adnex resulted in a low rate of SLN detection (3 out of 11 patients, 27%; CI 10–53%). Because of this
disappointing result, the study was terminated prematurely.

To date, pre-operative techniques to predict ovarian malignancy have had only moderate results. One of
the scoring systems to predict malignancy of adnexal masses is the risk of malignancy index (RMI),
which has shown relatively poor performance, with a sensitivity of 78% and a speci�city of 87%(23). The
rationale of our study was to inject the tracer after resection to prevent needless injection of (radioactive)
tracer when subsequent frozen sections show benign or borderline pathology. Although the study
population was small, the SLN detection rate was disappointingly low. To date, only one other study
assessed the detection of SLNs following the injection of tracer into the remnants of the ovarian
ligaments after the adnexa were resected, either during the same or a subsequent surgical procedure (21).
The detection rate was 100% (10 out of 10 patients), being much higher than the 27% detection rate in the
present study. They used a different type of tracer, indocyanine green, with the tracer being injected deep
into the parametrium rather than super�cially under the peritoneum (shown on a video which was
provided as an appendix). The fact that in this group of patients the frequency of pelvic SLNs alone was
remarkably high (88%), may suggest that in this situation the reliability could be lower due to either
alteration of the lymphatic drainage after resection and / or technique of injection (deep rather than
super�cially under the peritoneum).

In a preliminary analysis of the �rst 31 patients enrolled in the SELLY trial, in 13 patients a secondary
staging procedure was performed after an incidental diagnosis of ovarian cancer(24). They also used ICG
to identify the SLN(s) with a detection rate of 38%, compared to 88,9% when immediate staging was
performed. If we combine their data with ours, the conclusion seems justi�ed that the best results in
identifying SLNs are obtained when the tracer is injected before the pathological ovary is resected.
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Conclusion
The SLN mapping technique has shown high detection rates of 87.5–100% when tracers are injected
before resecting the adnexa(22). This technique therefore seems feasible and may prevent
lymphadenectomy. The present study showed that the rate of SLN detection after prior tumor resection
was disappointingly low (27%). Injection of (radioactive) tracer is therefore not indicated when
subsequent frozen sections show benign or borderline pathology. 

Based on these results, we support a standardized technique as proposed previously by Dell’Orto et al.(23),
of one injection in both the suspensory and the infundibulopelvic ligament of the ovary in all patients
with a high suspicion of an ovarian mass limited to the ovary. The preferred tracer, although not yet
clearly de�ned, should be indocyanine green, even though its use has been reported in only a limited
number of cases. Recognizing that a number of centers will not have near-infrared �uorescent
technology, the use of radiocolloid and blue dye is an acceptable alternative. After a waiting time of 10-15
minutes, the suspicious ovarian mass should be removed for frozen section analysis. If frozen section
analysis con�rms a malignancy, the staging procedure can start, including removal of the SLNs
identi�ed. 

Using the proposed standardized technique, a protocol is being prepared with which we hope to launch
an international multi-center collaborative study. This study will explore the accuracy and bene�ts of the
SLN technique based on the injection of tracers in the ovarian ligaments in patients with clinical early-
stage ovarian cancer.

List Of Abbreviations
SLN Sentinel lymph node
EOC Early stage ovarian cancer
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Number of patients 11

Median age 57 (44-79)
 

Pre- or post menopause

Post

Pre

Unknown

 
7 (63,6%)
3 (27,3%)
1 (9,1%)

Surgery

Frozen section

2nd surgery

 
8 (72,7%)
3 (27,3%)

Malignant 11 (100%)
FIGO  Stage

1A

1B

1C

2A

 
7 (63,6%)
0 
4 (36,4%)
0

Tumor type

Clear cell

Serous

Mucinous

Endometroid

 
5 (45,5%)
1 (9,1%)
2 (18,2%)
3 (27,2%)
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Table 1. Patient characteristics. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2 Sentinel nodes found
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Patient 
 

Tumor
side

Number
of SLN

Histology
during
surgery

Location  SLN Histology
after
surgery

Metastases
in the SLNs

Metastases
in non-SLNs

1 Right 1 At least
borderline

Paracaval low right Mucinous No No

2 Left 1 Mixed Para aortal low left Clear cell No No

3 Left 2 Clear cell Interaorta-caval,
common iliac artery
right

Clear cell No No

 
 
 
 
 
 
 

Figures

Figure 1

Location of injection of tracers. Tracers were injected on the ventral and dorsal sides of both ligament
remains. Black arrow = remnant of infundibulo-pelvic ligament . Grey arrow = remnant of the ovarian
ligament (proper ovarian ligament).


