
Abstract. The purpose of this study was to examine the
clinical usefulness of preoperative lymphoscintigraphy (PLS)
for sentinel node identification in patients undergoing
lymphatic mapping during surgery for early cervical cancer.
Patients and Methods: Day-before PLS was performed in 42
patients who were candidates for open radical hysterectomy
and intraoperative lymphatic mapping, using a combination
of radiocolloid and blue dye technique. Results: In 39
patients, at least one sentinel node (SN) was evident either in
the lymphoscintigram or during the operation (detection rate
92.8%). Lymphoscintigraphy revealed unilateral SNs in 24
(61.5%) cases and bilateral SNs in 15 (38.5%). A total of 56
SNs were identified. Intraoperatively, 5 out of 24 patients with
unilateral SNs on PLS had bilateral identification. The total
number of SNs retrieved was 103 (2.6/patient). While one SN
was identified in 25 cases on PLS, 32 patients had two or
more SNs intraoperatively. The agreement between
preoperative and intraoperative detection regarding laterality,
number and location of SNs was poor (Kappa<0.69).
Conclusion: PLS is of limited clinical value for intraoperative
SN detection in early cervical cancer.

For cancer of the cervix, lymphatic mapping is performed
using a blue dye and/or radioisotopic techniques (1-9).
According to the existing data, sentinel node(SN) detection

rates are generally higher with the dual approach and
radioisotopic techniques provide better results than the blue dye
technique alone (6-9). Lymphatic mapping with Tc99m-labeled
radiocolloid includes preoperative lymphoscintigraphy (PLS)
and intraoperative detection of SN using a gamma probe.
Recently, the usefulness of PLS in clinical practice is being
questioned on the basis of discordance between the findings of
PLS and intraoperative lymphatic mapping (ILM) (10-13).

The aim of this study was to compare the findings of PLS
with the intraoperative detection of SNs and evaluate its
usefulness in patients with early cervical cancer considered
for SN biopsy. 

Patients and Methods

Between January 2006 and May 2009, SN lymphatic mapping was
performed in 45 patients for whom an open radical surgery for early
cervical cancer was planned. All patients signed an informed
consent. Patients who had neo-adjuvant treatment, radiotherapy/
chemotherapy or both were excluded from the study. In three cases,
the blue dye technique was used alone. In the remaining 42 patients,
the dual technique (blue dye and Tc99m colloid albumin injection)
was applied and PLS under a gamma camera was performed. 

Preoperative lymphoscintigraphy. The same protocol in terms of
timing, radiocolloid dosages and injection sites was used in all
patients. The administration of the radiocolloid tracer (total volume
0.8 ml containing 3 mCi of Tc99m divided equally into four
injections of 0.2 ml each) was performed the afternoon before
surgery, 16-18 hours before the operation. Injections were applied
to all four quadrants of the cervix, at the periphery of any visible
tumor or inflammation. Each of them contained 0.75 mCi of
Technetium-99 colloid albumin (Nanocoll, Amersham GE
Healthcare, Italy) measured again on the spot just before the
application. At least 95% of human albumin colloidal particles had
a diameter ≤80 nm.

A static scintigram under a gamma camera was taken one hour after
the injection to document radioactive colloid uptake and a second one
in two hours to determine the number and location of the SNs.
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Injection of blue dye. This was carried out after induction of
anesthesia, just before surgery. A 2 ml ampoule of blue patente
(Guerbet, Switzerland) diluted in 4 ml of normal saline and divided
into four injections of 1.5 ml each was delivered to the four
quadrants of the cervix in the same manner as the radiocolloid.

Intraoperative lymphatic mapping. All patients underwent an open
radical hysterectomy and systematic pelvic lymphadenectomy.
Immediately after opening the abdomen, SNs were identified
either by their blue color and/or using a hand-held collimated
gamma-probe (GPS navigator) with a threshold setting for Tc99m
(125-155 KeV) designed for transperitoneal localization. Any
region that produced approximately 10-fold more counts than the
background was considered to host an SN, in accordance with the
literature (9, 14, 15). Resected SNs (hot and/or blue) were re-
measured ex vivo for radiation. The duration of the procedure was
15-40 min (mean 30 min).

Pathological evaluation. SNs were sent separately for standard and
enhanced pathological analysis (ultrastaging) after marking their
location. Pelvic nodes were sent for histological examination in
groups as obturator, interiliac, external iliac, common iliac and
lower para-aortic. Tumor size was determined after formalin fixation
and lymphatic vascular space invasion (LVSI) was defined as
present if multiple foci of invasion were recognized around the
tumor, or if there was massive lymphatic invasion with a spray-like
growth.

Statistical analysis. Statistics were calculated using the SPSS
program ver. 15 (SPSS Inc. USA). Cohen’s kappa coefficient was
used as a statistical measure of qualitative agreement and kappa (K)
values were interpreted as follows: ≤0.70: poor agreement; 0.70-
0.85: substantial agreement; 0.86-1.00: perfect agreement.
Diagnostic indices (sensitivity, specificity, accuracy, negative (NPV)
and positive (PPV) predictive values) were calculated using a 2X2
table with true positives, true negatives, false negatives, and false
positives. P-values <0.05 were considered significant.

Results

Preoperative lymphoscintigraphy. The general patient
characteristics are presented in Table I. In 39 out of 42
patients, at least one hot spot was identified in the
lymphoscintigram. The total number of hot spots was 56 (1.4
per patient). Multiple hot spots were recorded in 14 cases.
No SNs were identified outside the pelvis in the absence of
pelvic SNs, i.e. aberrant lymphatic flow was not
demonstrated in this study. The topographic distribution of
SNs was as follows: obturator 33.3%, interiliac 21.4%,
external iliac 26.2%, common iliac 9.5%, lower para-aortic
2.4% (Table II). Lymphoscintigraphy revealed unilateral SNs
in 24 cases (61.5%) and bilateral in 15 (38.5%). Laterality
was not significantly associated with lymph node metastases
(p=0.233) or the presence of LVSI (p=0.617). However, a
significant correlation between tumor size and laterality was
noted when cases were stratified in groups of tumors >2 cm
and ≤2 cm (p=0.03, Table III). 

Intraoperative lymphatic mapping. A total of 103 SNs were
retrieved from 39 successful intraoperative detections
(2.6/patient). The anatomic distribution of SNs is shown in
Table II. Bilateral SNs were harvested in 19 (48.7%) patients
and unilateral in 20 (51.3%).

Correlation of preoperative lymphoscintigraphy with
intraoperative lymphatic mapping. The number of patients in
whom at least one SN was identified on PLS and ILM (using
the dual method) was equal (39 out of 42 cases). However,
the total number of SNs harvested intraoperatively was much
higher (n=103) than the number of hot spots identified
during lymphoscintigraphy (n=56). On PLS, 25 patients
showed only one SN location, while during the operation, 32
proved to have 2 or more SN locations (K=0.218 Table IV).
Of 19 cases with bilateral detection of SNs during ILM, PLS
showed unilateral hot spots in 5 (K=0.69 Table V). The
correlative anatomic distribution of SNs on PLS and ILM is
shown in Table VI. The degree of concordance between them
as measured by Cohen’s kappa value was poor (K=0.284).

General diagnostic indices. The diagnostic indices concerning
the verification of the SN concept were calculated from Table
VII. There was one false-negative case (2.38%). Sensitivity
was 80%, specificity 97%, accuracy 94.8%, NPV 97%, and
PPV 80%. 

Discussion 

The literature data show that SN detection is feasible in 80%
to 100% of patients with early cervical cancer undergoing
open or laparoscopic surgery (3-9, 14-19). The results of this
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Table I. Disease characteristics and SN detection rate.

Variable Patient numbers %

Stage
IA2 3 7.1
IB1 37 88.1
IIA 2 4.8

Histology
Squamous 39 92.9
Adenocarcinoma 3 7.1

Tumor size (cm)
≤2 17 40.5
>2 25 59.5

LVSI
Present 7 16.7
Absent 35 83.3

Patients with nodal metastases 8 19
Sentinel not detected 3 7.1
False negatives 1 2.4
Detection rate 39/42 92.9



study are in agreement with the previous data, showing
successful identification of the SN in 93% (39/42) of patients
using the dual technique. Overall diagnostic test indices
concerning the validity of the SN concept (whether it reflects
the status of the other nodes) such as sensitivity, specificity,
accuracy, NPV and PPV were 80%, 97%, 94.8%, 97% and
80% respectively, in accordance with the value ranges
reported in the literature (3-22).

Currently, PLS is used with ILM for SN detection. In this
study, although PLS successfully depicted hot spots in all
patients in whom intraoperative SNs were identified, it was
however inferior to ILM regarding laterality of SN detection,
number of SNs retrieved and anatomical location. According
to the presented data, PLS failed to detect bilateral SNs in 5
out of 19 (26.3%) cases, making the concordance of
preoperative and intraoperative lymphatic mapping poor
(K=0.69). Furthermore, after a case by case examination,
preoperative and operative SN anatomical correlation was
even lower (K=0.284). As far as the actual number of SNs is
concerned, 25 patients where found to have only one SN on
PLS, but 32 had 2 or more SNs intraoperatively (poor
concordance, K=0.218).

There are only three studies in the literature focusing on
the concordance between the findings of preoperative
lymphoscintigraphy and surgical SN mapping (10, 12, 13).
Their results, shown in Table VIII, are similar to the present
data, indicating a poor correlation between preoperative and
ILM. Frumovitz et al. found that surgical lymphatic mapping
revealed more than one sentinel lymph basin in 15 out of 21
patients with solitary SNs and bilateral SN basins in 11 out

of 25 patients with unilateral SN detection on PLS (13). Bats
et al. reported that 3 out of 11 patients without hot spots on
lymphoscintigraphy showed at least one SN intraoperatively.
In 25.7% of cases with unilateral preoperative detection, SNs
on both sides were found at surgery and 16 out of 27 patients
had solitary SN on lymphoscintigraphy but bilateral SNs
during surgery (12). In a recent study of 56 patients
undergoing radical surgery for cervical cancer, Vieira et al.
(10) evaluated the role of gamma camera lymphoscintigraphy.
They found a poor concordance in the detection of SNs
between PLS and ILM using the dual technique and
concluded that PLS in not useful for SN identification.

Admittedly, lymphatic mapping using a gamma camera
has limitations. One major concern when using radiocolloids
is the inability to detect small parametrial nodes, either
preoperatively or intraoperatively, because of their proximity
to the cervix which gives a high signal (9, 10). Another
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Table II. Preoperative and intraoperative SN locations. The relative
proportions may seem similar but the location was different when
examined case by case.

Table III. Preoperative detection laterality and final tumor size
(p=0.03).

Tumor size Total

Gamma camera laterality ≤2 cm  >2 cm
Unilateral 6 18 24
Bilateral 11 4 15

Total 17 22 39

Table IV. Concordance of the number of SN locations between
lymphoscintigraphy and intraoperative detection K=0.218.

Intraoperative SNs (cases) Total

Preoperative SNs ≥2 <2
≥2 14 0 14
<2 18 7 25

Total 32 7 39

Table V. Preoperative versus intraoperative detection and laterality
(K=0.69).

Intraoperative laterality

Unilateral Bilateral Total

Gamma camera laterality
Unilateral 19 5 24
Bilateral 1 14 15
Total 20 19 39



disadvantage is the inability to preoperatively pinpoint the
nodes themselves, depicting rather a group of nodes than a
specific one on the separate hot spots (9, 13). In addition, a
possible reason for the discrepancy in the number of SNs is
that after 16-18 hours following the injection, the
radiocolloid migrates to second-tier lymph nodes (12, 15)
thus increasing the intraoperative hot sentinel yield.
However, this migration has not been demonstrated in some
studies concerning lymphatic mapping in melanoma and
breast cancer (13, 23).

Our findings and previous data (10, 12, 13, 24) have
shown a poor correlation of PLS and surgical mapping
regarding the anatomical location of SNs. A disadvantage of
PLS is the inability to determine the exact anatomical
positions of the SNs because it cannot simultaneously depict
the pelvic vessels nor the bony anatomy, i.e. there are no
precise landmarks on the two-dimensional lymphoscintigram
that correlate with the pelvic anatomy. The intraoperative
anatomical localization of the SN has been addressed in
several studies with various results. In most of them, the SN
was more frequently located in the external iliac region (10-
13, 20-22). Other studies indicate that the intermediate nodal
group (interiliac and/or obturator) is the most common site
of SN localization (25-27). Our data suggest that in surgical
mapping, SNs are found with equal frequency in the external
iliac and obturator (33.3%) lymph basins followed by the
interiliac nodal group (19%). The variability of the data
stress the importance of careful exploration of all nodal
groups during surgery.

In our study, a considerable proportion (5/24) of patients
were found to have unilateral SNs in PLS, but bilateral SNs
during surgical mapping. Since the cervix is a midline organ
with bilateral lymph drainage and the injections are
administered to all four quadrants, one would expect that the
lymphatic mapping would depict bilateral SNs in most of the
cases of early cervical cancer. However, bilateral SN detection
is not the rule, even during ILM. Its reported frequency in the
literature ranges from 25% to 84% (9, 20). Low bilateral SN

identification may be the result of technical differences or
pitfalls (3, 12, 20, 24), true physiological and/or unilaterally
dominated lymph flow (13, 28), impairment of lymphatic
drainage by tumor (15), lymphovascular invasion (11, 29),
increased primary tumor size (11, 12, 29), or alterations of
lymphatic flow by neoadjuvant treatments or by concomitant
benign pathology (10). 

The correlation of PLS laterality (bi- or unilateral SN
detection) with the presence of nodal metastases or LVSI in
this study did not show any significant association (p=0.233
and p=0.617 respectively). A statistically significant
association was found (p=0.03) after stratification of the
cases into groups of tumors larger or smaller than 2 cm,
indicating that for patients with larger tumors, unilateral
detection is more likely. However, further studies are needed
to clarify the importance, if any, of the unilaterally detected
SN in a midline organ such as the cervix.

It should be acknowledged that certain factors in our study
may have contributed to the inferior results of PLS versus
ILM. Using the combined technique (blue dye and gamma-
probe) for intraoperative detection, it was easier to identify
more SNs. Moreover, knowledge of the results of PLS might
interfere with the detection of SNs intraoperatively. PLS
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Table VI. Correlative anatomical distribution of preoperative and intraoperative SN locations (K=0.284).

Intraoperative location

Obturator Interiliac Ext. Iliac Com. Iliac Paraaortic Totals

Gamma camera location
Obturator 6 4 4 0 0 14
Interiliac 4 3 2 0 0 9
Ext. Iliac 3 0 8 0 0 11
Com. Iliac 1 0 0 2 1 4
Paraaortic 0 1 0 0 0 1

Total 14 8 14 2 1 39

Table VII. SN concept validation, case by case report.

Non-SN histology

Negative Positive Total

SN
Histology

Negative 33 1 34
Positive 1 4 5
SN ND 1 2 3

Total 35 7 42

*ND: Not detected.



revealed at least one SN in all our patients in whom SN
identification was possible at surgery (p<0.001). This implies
that the administration of the radiocolloid was correctly
performed and this information can be used as an internal
quality control measure. Since lymphatic mapping is a
relatively new method, the skill level of the surgeons in
intraoperatively identifying and/or localizing SNs may be
limited initially. Another potential advantage of PLS is the
ability to detect aberrant lymphatic flow. There are cases in
the literature in which SNs in cervical cancer were detected
in the inguinal region (30).

In conclusion, PLS may be useful in the beginning of the
learning curve and during the standardization of the
technique regarding dosages, volumes and timing of colloid
injections as a quality control measure. But since it cannot
accurately predict either laterality, location or the number of
SNs that will be harvested surgically, it is of limited value
for the intraoperative detection of SNs.
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