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• We conducted a multicenter prospective study to evaluate contribution of lymphoscintigraphy in SLN procedure in early cervical cancer. We report low agreement
with intraoperative lymphatic mapping. Lymphoscintigraphy identified substantial proportions of unusual drainage pathways. It might help decrease the false-nega-
tive rate.
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Purpose. To evaluate the contribution of preoperative lymphoscintigraphy to intraoperative lymphatic
mapping (ILM) in early cervical cancer

Methods.We conducted an ancillary analysis of the multicenter prospective SENTICOL study in early cervical
cancer. Radiocolloidwas injected intracervically on the day before (long protocol) ormorning of (short protocol)
surgery, lymphoscintigraphy was performed, and the results of a centralized image reviewwere communicated
to the surgeons. ILM was performed on combined radioactivity/patent blue detection. Sentinel lymph nodes
(SLNs) were electively sampled before routine bilateral pelvic lymphadenectomy by laparoscopy.

Results. Of 139 patients in the modified intention-to-diagnose analysis, 114 had centrally reviewed
lymphoscintigrams, which showed 352 SLNs in 100 patients. Lymphoscintigraphy and ILM detection rates were
87.8% and 97.8%, respectively. Agreement between lymphoscintigraphy and ILM was low for the number of
SLNs (κ = 0.23;−0.04; 0.49) and bilateral SLNs (κ= 0.36; 0.2; 0.52). No patient without SLNs by ILM had SLNs

by lymphoscintigraphy. Lymphoscintigraphy identified substantial proportions of unusual drainage pathways.
No patients with metastatic nodes had SLNs by lymphoscintigraphy but not by ILM in the relevant territory. In 1
of the 2 patients with false-negative SLN results, SLNswere bilateral by lymphoscintigraphy and unilateral by ILM.
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Conclusion. Although the detection rate was lower by lymphoscintigraphy than by ILM, the substantial
proportions of SLNs in unusual territories provided valuable guidance for the surgical exploration. Awareness of
the limited agreement between lymphoscintigraphic and surgical detection might help surgeons decrease the
false-negative rate.
© 2015 Elsevier Inc. All rights reserved.
Introduction

Sentinel lymph node (SLN) biopsy, which is standard practice for
breast cancer, may also hold promise for the surgical management of
early cervical cancer [1–3]. Lymph node involvement is found in fewer
than 20% of patients with early cervical cancer but has a major adverse
impact on the prognosis [4,5]. Pelvic lymphadenectomy is associated
with a substantial risk of lymphedema. Moreover, SLN detection can
identify aberrant drainage pathways that might otherwise be the site
of nodal recurrences [6]. Finally, nodal metastases are often small and
best detected by ultrastaging, which is performed routinely to assess
SLNs [7]. Studies have established the feasibility of SLN biopsy in early
cervical cancer and shown high detection rates and good diagnostic
value [8].

The available data support theuse of both radioactive tracer and blue
dye injection to ensure accurate intraoperative lymphatic mapping
(ILM) [9,10]. Preoperative SLN detection by lymphoscintigraphy is usu-
ally performed to guide ILM, thereby increasing the SLN detection rate.
However, preoperative lymphoscintigraphy is time-consuming and
costly and should therefore be used only if proof of benefit is obtained.
The scarce data published to date leave room for controversy about
the benefits of lymphoscintigraphy.

Here, our purpose was to use data from the large SENTICOL study of
patients with early cervical cancer to evaluate the agreement between
lymphoscintigraphic and intraoperative SLN detection and to clarify
the contribution of lymphoscintigraphy to ILM.
Table 1
Material and methods

Material

We conducted an ancillary analysis of the prospective multicenter
SENTICOL (January 2005–June 2007) [8,11,12]. Inclusion criteria were
squamous cell carcinoma, adenocarcinoma or adenosquamous carcino-
ma of the uterine cervix, FIGO stage IA1 with emboli to IB1, and confir-
mation of the diagnosis by biopsy or cone biopsy, clinical examination,
and pelvic MRI. Non-inclusion criteria were downstaging following
chemotherapy or radiotherapy, documented allergy to patent blue or
rhenium sulfide, history of severe allergy, age younger than 18 years,
and pregnancy. Patients whose preoperative imaging studies suggested
lymph node involvement were not included. All patients gave their
written informed consent before inclusion in the study, which was ap-
proved by our ethics committee (Comité de Protection des Personnes
HEGP-Broussais, Paris).
Characteristics of the population and tumors.

Characteristics N = 139 (%)

Age in years, mean (±SD) 44.4 (±13.6)
BMI in kg/m2, mean (±SD) 23.7 (±5.5)
Histology, n (%)
Squamous cell carcinoma 103 (74.1)
Adenocarcinoma 34 (24.4)
Adenosquamous carcinoma 2 (1.4)

FIGO stage, n (%)
IA1 with emboli 5 (3.6)
IA2 12 (8.6)
IB1 121 (87.1)
IIA 1 (0.7)

Abbreviations: BMI, body mass index; FIGO, International Federation of
Gynecology and Obstetrics.
Methods

An injection of 60 or 120 MBq of radiocolloid (99mTc-labeled
rhenium sulfide, Nanocis®, Cis Bio International, Gif sur Yvette,
France) was performed into the four cardinal points of the cervix, on
the day before (long protocol) or morning of (short protocol) surgery.

Lymphoscintigraphy was performed routinely and the results were
communicated to the surgeons before the surgical procedure.

At the beginning of the surgical procedure, 2 mL of diluted patent
blue (2.5% in 2 mL of saline) was injected into the four cardinal points
of the cervix. ILM and pathological examination are reported elsewhere
[8,11,12].
We recorded the number of SLNs detected by lymphoscintigraphy
and ILM, aswell as their locations according toMarnitz et al. [13]. Exter-
nal and inter-iliac nodes were considered to be located in typical sites.
All the other locations were atypical. Nodal tumor diameter was used
to distinguish isolated tumor cells (b0.2 mm), micrometastases (0.2–
2 mm), and macrometastases (N2 mm) [14].

All lymphoscintigrams included in the analysis were subjected to
centralized review by two nuclear physicians (MF, IO) and three sur-
geons (ASB, FL, PM). For each patient, the following lymphoscintigram
data were recorded: total number of SLNs, median number of SLNs
per patient, overall SLN detection rate, bilateral SLN detection rate,
and anatomic location of SLNs. The same data were collected for ILM.
As far as pre-operative SLNs' location is concerned, external, inter-
iliac, and internal iliac nodes were analyzed together.
Statistical analysis

The sample size (n = 120 patients) estimation has been previously
described [8,15], and the study was carried out using the modified
intention-to-diagnose approach. The detection rate was first deter-
mined. All variables were normally distributed. Continuous variables
were compared using Student's t-test and categorical variables using
the chi-square test or Fisher's exact test, as appropriate. P values b 0.05
were considered significant.

Agreement between lymphoscintigraphy and ILM was assessed
using Cohen's κ coefficient and its confidence interval. We assessed
agreement for detection of at least one SLN, bilateral detection of
SLNs, and number of detected SLNs. The κ values were categorized as
follows: 0, no agreement; 0–0.2, very low agreement; 0.21–0.4, low
agreement; 0.41–0.6, moderate agreement; 0.61–0.8, full agreement;
and 0.81, almost perfect agreement. Differences between SLN locations
detected by lymphoscintigraphy and by surgery were evaluated using
the chi-square test.
Results

Characteristics of the population

As previously described [8], 139 patients were included in the
modified intention-to-diagnose population. Among them, 11 had
major protocol deviations: 6 did not receive the radiocolloid injection,



Table 3
Agreement between the number of sentinel lymph nodes (SLNs) detected by
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1 received a different radiocolloid, and 4 had a stage N IB1 (IIA in 3 and
IB2 in 1). Table 1 lists the main patient characteristics.
lymphoscintigraphy (LS) and by intraoperative lymphatic mapping (ILM).

Number of SLNs by ILM

AllNumber of 

SLNs by LS

0 1 2 3 4 5 6 7 8 10

N N N N N N N N N N N

0 2 2 5 4 . 1 . . . . 14

1 . 8 2 3 3 1 . . 1 . 18

2 . 3 7 9 2 . 2 . . . 23

3 . 1 3 2 5 1 1 . . . 13

4 . 1 1 3 . 5 5 . 1 . 16
Preoperative detection of sentinel lymph nodes

Of the 133 patients who received the radiocolloid injection, 131
underwent preoperative lymphoscintigraphy, with the short (n = 31,
24%) or long (n= 98, 70.5%) protocol. In 2 patients, technical problems
precluded lymphoscintigraphy. Centralized review was performed for
114 lymphoscintigrams, which showed 352 SLNs in 100 patients, for a
detection rate of 87.8%. Median SLN numbers per patient were 2 [1–4]
overall, 1 [0–2] on the right side, and 1 [0–2] on the left side. SLNs
were seen on both sides in 67 (67%) patients.

The feasibility of lymphoscintigraphy, and the factors associated
with preoperative detection have been reported elsewhere [16].
5 . . . 5 3 2 . . 1 1 12

6 . 1 . 4 1 2 1 . . . 9

7 . . 1 . 2 2 . 1 . . 6

8 . . . . 1 . . . . . 1

10 . . . . 1 . . . . . 1

11 . . . . . 1 . . . . 1

All 2 16 19 30 18 15 9 1 3 1 114
Intraoperative detection of sentinel lymph nodes

All 139 patients received patent blue injections and underwent in-
traoperative SLN detection followed by pelvic and/or paraaortic lymph-
adenectomy. Combined patent blue and radioactive ILM identified SLNs
in 136 (97.8%) patients; SLN detection rates were 89.9% for patent blue
and 93.9% for radioactivity. Of 419 intraoperative SLNs, 249 were posi-
tive by both techniques, 109 by radioactive detection, and 61 by patent
blue detection. The median number of SLNs per patient was 3 [2–4]
overall, 1 [1,2] on the right side and 1 [1,2] on the left side. The rate of
bilaterally detected SLNs was 76.5%.
SL, sentinel lymph node; ILM, intraoperative lymphatic mapping; LS, lymphoscintigraphy.
Agreement between lymphoscintigraphy and intraoperative lymphatic
mapping (Table 2)

Agreement for SLN detection between lymphoscintigraphy and ILM
was low (κ = 0.23; −0.04; 0.49) and moderate (κ = 0.53; 0.27; 0.80)
when intraoperatively radioactive or radioactive and blue nodes were
considered.

Each of the 100 patients with SLNs detected by lymphoscintigraphy
had at least one SLN detected by ILM (Table 2). In addition, 12 (10.3%)
patients with no SLNs detected by lymphoscintigraphy each had 1 SLN
detected intraoperatively (4 blue, 3 radioactive, and 5 blue and radioac-
tive SLNs); among them, 9 had a short time from radiocolloid injection
to lymphoscintigraphy. No patient without SLNs detected intraopera-
tively had SLNs detected by lymphoscintigraphy. In 2 (1.8%) patients,
neither method showed any SLNs.

The number of SLNswas the sameby lymphoscintigraphy and ILM in
23 (20.2%) patients (Table 3). Each of the two detection methods
showed a single SLN in 8 (7.0%) patients; the SLNwas both blue and ra-
dioactive in 4 cases and only radioactive in 4 cases. In 10 (8.8%) patients,
lymphoscintigraphy showed a single SLN and ILM at least 2 SLNs; the
SLNs were both blue and radioactive in 8 patients and only radioactive
in 2 patients. Conversely, in 6 (5.3%) patients lymphoscintigraphy
Table 2
Agreement between lymphoscintigraphy⁎ and intraoperative lymphatic mapping (ILM)
for sentinel lymph node detection (N = 114 patients).

ILM

Lymphoscintigraphy No SLNs
detected

SLNs seen
on one side

SLNs seen
on both sides

No SLNs detected 2 (1.8) 4 (3.5) 8 (7.0)
SLNs seen on one side 0 14 (12.3) 19 (16.7)
SLNs seen on both sides 0 6 (5.3) 61 (53.5)

The data are n (%).
ILM, intraoperative mapping; SLN, sentinel lymph node.
⁎ With centralized review of the images
showed more than 1 SLN and ILM a single SLN, which was blue and
radioactive in 4 cases, only blue in 1 case, and only radioactive in 1 case.

The number of SLNswas smaller by lymphoscintigraphy than by ILM
in 55 (48.2%) patients and vice versa in 36 (31.6%) patients.

Agreement between lymphoscintigraphy and ILM for bilateral SLN
detection was low (κ = 0.36 [0.20; 0.52] for radioactive SLNs and
κ = 0.63 [0.49; 0.78] for radioactive and blue SLNs). Of 114 patients,
27 (23.7%) had unilateral SLN detection by lymphoscintigraphy and bi-
lateral SLN detection by ILM, whereas the opposite occurred in 6 (5.3%)
patients.

Location of SLNs detected by lymphography and surgery

Althoughmost of the SLNs seen by lymphoscintigraphywere located
in the external iliac basin (60.5%), as expected, substantial proportions
were located in the common iliac (19.6%) and paraaortic (10.8%) basins
and 6% were in the parametrium. Most intraoperatively identified SLNs
were in the external iliac basin (79.7%). However, 8.1% were in the
common iliac, 3.6% in the paraaortic, and 7.1% in the parametrial basins.

SLNswere found in expected territories in 82.5% (94/114) of patients
by lymphoscintigraphy and 93.9% (107/114) by ILM (κ = 0.39).
SLNs were located at atypical sites in 57% (65/114) of patients by
lymphoscintigraphy and 37.7% (43/114) by ILM (κ = 0.25). The
proportions of SLNs in typical and atypical basins were not significantly
different between lymphoscintigraphy and ILM. Lymphoscintigraphy
and ILM showed identical numbers of SLNs in typical and atypical basins
in 25.4% (29/114) and 43.9% of patients (50/114), respectively; 49.2% of
patients (32/65) with SLNs at atypical sites by lymphoscintigraphy had
SLNs at atypical sites by ILM.

Parametrial SLNs were identified by both lymphoscintigraphy and
ILM in 5 patients, by lymphoscintigraphy only in 13 patients, and
by ILM only in 13 patients. Corresponding numbers of patients were
91 (79.8%), 3 (2.6%), and 16 (14.0%) for common iliac SLNs; and
32 (28.1%), 3 (2.6%), and 11 (9.7%) for paraaortic SLNs. Both the number
and the location of SLNswere similar by lymphoscintigraphy and ILM in
13.2% (15/114) of patients.
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Metastatic nodes (Table 4)

Of 136 patients with detected SLNs, 23 had positive SLNs and 2 had
negative SLNswith positive non-SLNs. Both patients with false-negative
SLN biopsies had nodal metastases in the interiliac territory: one had a
single interiliac SLN on the right side seen by lymphoscintigraphy and
ILM with a left-sided metastatic non-SLN; and the other had six SLNs,
distributed bilaterally, by lymphoscintigraphy and a single blue SLN by
ILM. In both patients, the time from radiocolloid injection to surgery
was short (16 h).

Metastatic SLNs were located at atypical sites in 4 of 23 patients,
including 3 with metastatic SLNs located only at atypical sites (3/23,
13.0%). These metastatic SLNs were identified only by SLN biopsy.

The 25 patients with nodal metastases had 39 positive lymph
nodes (Table 4). Of these 39 positive nodes, SLNs were detected by
lymphoscintigraphy and ILM in the relevant territory in 21 cases, only
by ILM in 14 cases, and never only by lymphoscintigraphy.

Discussion

We found low levels of agreement between lymphoscintigraphy and
ILM for both SLN detection and number of detected SLNs. The detection
rate was lower with lymphoscintigraphy than with ILM, particularly
when the combined technique was used. Similarly, the number of
detected SLNs was smaller by lymphoscintigraphy. Among patients
with metastatic nodes, none had SLNs by lymphoscintigraphy without
Table 4
Positive nodes detected by lymphoscintigraphy (LS) and by intraoperative lymphatic mapping

SLN/NSLS Node Type of metastasis Intrao

SLN Node 1 ITC Right
SLN Node 2 ITC Left e
SLN Node 3 ITC Left e
SLN Node 4 Macrometastasis Right
SLN Node 5 ITC Right
SLN Node 6 ITC Right
SLN Node 7 ITC Right
SLN Node 8 Macrometastasis Left e
SLN Node 9 Micrometastasis Left in
SLN Node 10 Macrometastasis Right
SLN Node 11 ITC Right
SLN Node 12 Micrometastasis Right
SLN Node 13 Macrometastasis Paraa
SLN Node 14 Macrometastasis Left e
SLN Node 15 Micrometastasis Right
SLN Node 16 Macrometastasis Left e
SLN Node 17 Micrometastasis Left e
SLN Node 18 Micrometastasis Left e
SLN Node 19 Macrometastasis Right
SLN Node 20 Macrometastasis Left e
SLN Node 21 Macrometastasis Right
SLN Node 22 Macrometastasis Left e
SLN Node 23 Micrometastasis Right
SLN Node 24 Macrometastasis Right
SLN Node 25 ITC Left e
SLN Node 26 ITC Right
SLN Node 27 Micrometastasis Left e
SLN Node 28 Micrometastasis Left c
NSLN Node 29 Micrometastasis + ITC Left e
NSLN Node 30 Macrometastasis Right
NSLN Node 31 Macrometastasis Left e
NSLN Node 32 Micrometastasis MD
NSLN Node 33 ITC MD
NSLN Node 34 Macrometastasis Left e
NSLN Node 35 Macrometastasis Left e
NSLN Node 36 Macrometastasis + ITC MD
NSLN Node 37 Micrometastasis Left e
NSLN Node 38 Micrometastasis Paraa
NSLN Node 39 ITC MD

SLN, sentinel lymph node; NSLN, non-SLN; ITC, isolated tumor cells; MD, missing data, NA, not
SLNs by ILM. Nevertheless, two findings support the diagnostic useful-
ness of lymphoscintigraphy as part of the SLN procedure. First,
lymphoscintigraphy showed a substantial proportion of SLNs at unusual
sites. Second, one patient with false-negative result had discordance
between lymphoscintigraphy and surgery for the number and side of
the SLNs. Thus, although preoperative lymphoscintigraphy does not
appear to perform as well as combined ILM, lymphoscintigraphy may
help to identify atypical drainage patterns, thereby decreasing the
false-negative rate.

Although SLN biopsy has been extensively evaluated as part of
the management of early cervical cancer, few studies investigated
the contribution of preoperative lymphoscintigraphy to ILM. This is a
crucial issue: although lymphoscintigraphy is safe and well tolerated,
it is also time-consuming and costly and is therefore warranted only if
proven beneficial. The few studies of the contribution of preoperative
lymphoscintigraphy to ILM had smaller numbers of patients compared
to our study but produced similar results [18–20].

Agreement was low between preoperative lymphoscintigraphy
and ILM, in keeping with earlier publications [17–19]. No patient had
SLNs visible by lymphoscintigraphy but not by ILM. Furthermore,
lymphoscintigraphy has been reported to underestimate the number
of SLNs found during surgery [18,19]. In 70 patients with cervical
cancer, agreement was very low between lymphoscintigraphy on
the day before surgery and ILM [17]. Of 11 patients without SLNs
by lymphoscintigraphy, 3 (27.3%) had at least 1 SLN by ILM; and of
27 patients (59.3%) with a solitary SLN by lymphoscintigraphy, 16 had
(ILM).

perative location LS detection in
same location

Intraoperative detection
in same location

external iliac NA Yes
xternal iliac NA Yes
xternal iliac NA Yes
external iliac Yes Yes
external iliac Yes Yes
external iliac Yes Yes
external iliac Yes Yes
xternal iliac Yes Yes
ternal iliac Yes Yes
external iliac Yes Yes
external iliac Yes Yes
external iliac Yes Yes
ortic Yes Yes
xternal iliac Yes Yes
external iliac Yes Yes
xternal iliac NA Yes
xternal iliac Yes Yes
xternal iliac Yes Yes
external iliac No Yes
xternal iliac Yes Yes
external iliac Yes Yes
xternal iliac NA Yes
external iliac No Yes
parametrium No Yes
xternal iliac Yes Yes
external iliac No Yes
xternal iliac No Yes
ommon iliac No Yes
xternal iliac No Yes
external iliac No Yes
xternal iliac Yes Yes

NA NA
NA NA

xternal iliac Yes Yes
xternal iliac Yes Yes

NA NA
xternal iliac Yes Yes
ortic No Yes

NA NA

applicable.
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multiple SLNs by ILM [17]. In another study in 47 patients, 14 (25%) pa-
tients had a single SLN found by lymphoscintigraphy but 2 ormore SLNs
identified by combined blue/radioactive ILM [18]. In this study [18],
SLNs were unilateral by lymphoscintigraphy but bilateral by ILM in
16.1% of patients, in keeping with our results. Furthermore, in a study
of 50 patients, preoperative lymphoscintigraphy was not significantly
better than ILM in identifying involved nodes, but they reinjected
radiocolloid if time since injection was superior to 18 h before surgery
[19].

Several factors may contribute to this poor agreement between
preoperative lymphoscintigraphy and ILM. First, the blue dye injection
is performed under general anesthesia, which may improve needle
placement accuracy, resulting in better migration of the dye compared
to the radiocolloid. Second, the radiocolloid is injected in a considerably
smaller volume than the dye and may therefore migrate less well along
the lymphatic pathways. Third, radiocolloids migrate slowly and the
typical 30-minute duration of the dynamic imaging phase may there-
fore be too short to visualize some SLNs. Finally, radiocolloids exist in
several particle sizes, which explains differences in migration.

Lymphoscintigraphymay lack accuracy in determining the anatomic
location of SLNs [17]. Image resolution is too low to separate the
external iliac, interiliac, and internal iliac node groups. In addition, the
images are planar and therefore cannot accurately locate structures in
three-dimensional space. Single photon-emission computed tomogra-
phy combined with computed tomography (SPECT-CT) may hold
considerable promise for improving SLN detection by increasing
the number of preoperatively detected SLNs and by providing 3-
dimensional information that helps the surgeon identify SLNs using
the gamma probe, particularly in common ilia area [21–24].

A discrepancy betweenfindings by preoperative lymphoscintigraphy
and ILM may deserve careful attention from the surgeon. Of the 2 pa-
tients with false-negative SLN results in our study, 1 had six bilateral
SLNs visible by lymphoscintigraphy and only one by ILM. Close atten-
tion to such discrepancies might decrease the false-negative rate of
SLN biopsy. An advantage of lymphoscintigraphy in our study was
the detection of a substantial number of SLNs in the paraaortic territory,
which is difficult to explore surgically, particularly in its supramesenteric
portion. Again, this ability to visualize paraaortic SLNsmay decrease the
false-negative rate. Interestingly, the detection rate of parametrial
nodes in our study was similar by lymphoscintigraphy and ILM, where-
as previous studies usually found low lymphoscintigraphy detection
rates due to the large amount of radiocolloid present in the cervix.

Several limitations of our studymay have influenced our assessment
of the contribution of lymphoscintigraphy to SLN detection. The
lymphoscintigraphy protocol was not standardized in terms of time
from radiocolloid injection to imaging or time from imaging to surgery.
The surgeons were aware of the lymphoscintigraphy findings, which
may have helped them detect SLNs, thereby increasing the SLN
detection rate compared to lymphoscintigraphy. However, this point
replicates clinical practice, in which lymphoscintigraphy is performed
to improve ILM.
Conclusion

Lymphoscintigraphy performed less well than ILM in detecting
SLNs in patients with early cervical cancer. Nevertheless, ILM was car-
ried out with knowledge of the lymphoscintigraphy findings, which
may have improved the ability of surgeons to find SLNs. In particular,
lymphoscintigraphy identified a substantial number of SLNs in unusual
drainage basins, thus guiding the surgical exploration. Discrepancies
between lymphoscintigraphy and ILM results regarding the number or
topographic distribution of SLNs may be valuable in alerting surgeons
to a risk of false-negative SLN results and indicating lymphadenectomy.

Further studies are needed to assess the contribution of pre-
operative imaging to ILM. In the near future, SPECT-CT may replace
lymphoscintigraphy for preoperative node imaging in patients with
early cervical cancer.
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