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Abstract
The aim of this study was to evaluate the efficacy of lymphoscintigraphy, gamma probe guided sen-
tinel lymph node biopsy (GP-SLNB) in the management of breast cancer and study the follow-up re-
sults. Fifty two patients (mean age 47.28±9.7; range 23-69yr) with operable breast carcinoma and clin-
ically negative axilla were studied. Scintigraphy for the detection of SLN was performed 2-4h before 
surgery by injecting technetium-99m labeled nanocolloid intradermally in the peritumoral region. 
First lymph node (LN) to appear on the scan was labeled as SLN and by using the GP was marked on 
the skin. Blue dye was also injected in all patients intraoperatively and hot and/or blue LN were stud-
ied in the axilla using the GP. The SLN was identified in 50 patients (96% success rate) while in 2 pa-
tients SLN was not visualized on imaging. The blue dye successfully localized SLN in 45/52 (87%) of 
the cases. Of the 52 patients, 16 had axillary lymph node dissection (ALND), including 14 SLNB posi-
tive for lymph node metastases cases and the two cases in which no SLN was imaged. In the remain-
ing 36/52 cases SLN were negative for metastases and patients on the follow-up remained disease 
free (NPV 100% for a follow-up period of 12-36 months). The success rate, sensitivity, negative predic-
tive value, and accuracy were 96%, 93%, 100%, and 98% using the GP-SLNB, 87%, 80%, 100%, and 
93% using blue dye, and 98%, 100%, 100%, and 98% using combined methods, respectively. In con-
clusion, lymphoscintigraphy, GP-SLNB has a higher success rate and sensitivity versus the dye tech-
nique and when combined with the blue dye technique its sensitivity increases to 100%. We found a 
high negative predictive value for SLNB and the recurrence rate in these negative SLNB was compa-
rable to the ALND.
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Introduction

S entinel lymph node biopsy (SLNB) is often used for diagnostic purposes in breast can-
cer patients and has been accepted by a consensus conference in 2001 as a routine test 
before axillary lymph node dissection (ALND) in clinically negative lymph node breast 

cancer patients [1-3]. The development and refinement of SLNB has decreased the morbidi-
ty of surgical treatment since fewer nodes are removed, especially of axillary nodes. Axillary 
dissection could then be reserved for patients with positive findings of malignancy in the 
SLN or in whom the SLN could not be localized. Multisectioning instead of limited section-
ing of nodes and the use of immunohistochemical staining have also increased the sensitiv-
ity of diagnosing micrometastases [2].
 The possibility of having axillary nodal metastases in early breast cancers (T1a-b, tumor 
size less than or equal to 1cm) is about 20%-30% and rises to 30%-40% for T1c lesions (size 
1-2cm) [2]. By SLNB, up to 70% of patients with clinically N0 disease were found to be free 
from metastatic disease [4].
 The SLNB is highly reproducible, accurate and associates with less morbidity as com-
pared to ALND [5-9]. Sentinel node can be identified in 80% to 100% of the patients. Report-
ed false-negative rates vary considerably and range from 1% to 10% [9, 10]. The aim of this 
study was to evaluate the suitability and efficacy of SLNB using imaging and gamma probe 
and the blue dye technique for surgical planning of breast cancer and to report the out-
come data on short term follow-up. 

Patients and methods
Fifty two consecutive patients with early invasive breast cancer (mean age, 47.28yr; median 
age 47yr; age range, 23-69yr) and clinical staging T1-T3, N0, M0 were studied between Sep-
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Histopathology examination

All nodes removed from the axilla were histologically exam-
ined using a standard technique. Briefly, the nodes were freed 
from fat tissue and those with greatest diameter >0.5cm were 
bisected longitudinally, whereas those with a diameter of 
<0.5cm were embedded as such in the fixing fluid. Three dif-
ferent sections were obtained, 0.3-1mm apart and stained 
with hematoxylin and eosin. All SLN, along with other axillary 
lymph nodes, obtained on ALND underwent frozen section-
ing, hematoxylin and eosin staining for gross metastases, and 
if negative, immunohistology (cytokeratin) staining, for the 
detection of micrometastases (Fig. 2A, B and 3A, B).

tember 2005 and December 2007. Patients with clinical evi-
dence of axillary metastases, previous axillary lymphadenec-
tomy, locally advanced disease, treatment with chemothera-
py or radiotherapy prior to breast surgery and pregnant or 
lactating women were excluded. Routine informed consent 
was obtained for all patients after the procedure was ex-
plained to them. The study protocol was approved by our 
hospital research and ethical committee.

Lymphoscintigraphy (LS)

Thirty seven MBq of technetium-99m nanocolloid (99mTc-NC) 
was divided in 4 aliquots of 0.3-0.5mL, that were intra-der-
mally injected, either in the peritumoral region of each palpa-
ble tumor, or above and below the scar in case the patient 
had an excision biopsy. Patients were imaged using a dual-
head gamma camera with a low-energy, high-resolution, par-
allel-hole collimator. Dynamic images (128x128 matrix) of 
1min per frame for 30min were obtained in the anterior pro-
jection followed by static anterior and lateral images of 3min 
each. The patient’s ipsilateral arm was raised above the head. 
Transmission images using a cobalt-67 flood source was used 
to outline the body contour. The dynamic images were re-
framed to 3min per frame, for review.

Gamma probe (GP)

The gamma rays detecting probe (GP) was a Scinti-Probe MR 
100, from Pol.hi.tech. Carsoli; Italy (Fig. 1). Radioactivity detect-
ed by this probe was transduced into digital readout and 
acoustic signals. The intensity and frequency of the acoustic 
signal was directly proportional to the level of radioactivity. 
This probe was used both in the imaging room and preoper-
atively in the operating theater to confirm the skin projection 
of SLN seen on scintigraphy.

Lymphatic mapping with isosulfan blue

The isosulfan blue vital dye in a dose of 2-5mL 
was injected in the subareolar region, outside 
the areolar border using a 25-gauge needle, 
10-15min before surgery. A gentle massage 
followed for 5min at the site of the injection. 

Lymph node biopsy

During surgery, the GP with an audible guid-
ance system was used to confirm the loca-
tion of the SLN. The skin was incised directly 
over this point, and the node emitting the 
highest activity was excised. Sometimes two 
or more nodes where picked up by the GP. In 
such cases, those nodes with counts 10 times 
more than the background were removed, ir-
respective of the status of the blue dye. Once 
removed however, each node was rechecked 
by the probe and the node with the highest 
radioactivity was labeled as the SLN. For each 
serially numbered SLN and non SLN, a nota-
tion indicated whether it was blue dye posi-
tive, radiocolloid positive, or both. 
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Figure 1. Gamma ray detecting probe showing the digital output and 
acoustic signal.

Figure 2. (A) Slides showing macro-metastases H&E stain. (B) Histopathology slides show-
ing micro-metastases with pan cytokeratin (CK) positive immunostain. 

Figure 3. Histopathology slides (a) lymph nodes metastases with cytokeratin positive (b) 
lymph nodes metastases with ER positive immunostain.
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Results 
One or more SLN were identified on imaging in 50/52 pa-
tients (96.2% success rate) while in 2 patient SLN were not vis-
ualized. In 36/50 cases only 1 SLN was visualized, in 8 cases 2 
and in the remaining 6 cases, 3 SLN were seen on imaging. All 
SLN were in the ipsilateral axilla. When lymphoscintigraphy 
(LS) revealed more than one node, the first node to become 
active always showed the highest uptake in the early and de-
layed images and was regarded, on the basis of imaging, as 
the SLN (Fig. 4). Of the 50 gamma probe localized SLN 14 were 
found by biopsy positive for metastases. One out of two fail-
ure cases of GP localization was also positive for lymph node 
metastases (sensitivity 93% (14/15) (Table 1). In 8/14 the SLN 
was the only metastatic node. In one case micrometastases 
were only detected by immunohistochemistry. In the remain-
ing 36/50 cases, SLN biopsy was negative for metastases. All 
these 36 cases remained free of disease in the follow-up peri-
od of 12-36 months (negative predictive value of 100%). 
Standard follow-up procedure included clinical examination 
plus mammography and breast ultrasound.
 Blue dye successfully localized the SLN in 45/52 cases and 
was positive in one out of two cases which were negative 
with GP localization. Out of 45/52 cases 12 were positive for 
metastases and the remaining 33 were negative on SLN biop-
sy (Table 2). Three of the 7 blue dye failure cases had positive 
lymph node metastases (sensitivity 80%) (12/15). 
 Axillary lymph node dissection with quadrantectomy or 
modified radical mastectomy was performed as a secondary 
procedure in all positive SLN biopsy cases and in the case in 
which both techniques failed to identify any SLN. In the re-
maining 36/52 patients with negative SLNB, ALND was not 
done and the patients were followed for a period of 12-36 
months. Invasive ductal carcinoma was the commonest pa-
thology and was found in 39 patients. The type of carcinoma, 
tumor size and tumor location are presented in Table 3.

Discussion
In our study, SLN was successfully localized by LS and GP in 50 
patients. The technique failed in 2 cases, in 1 of which, blue 
dye revealed a node which showed metastases on histologi-
cal examination. According to the literature, false negative re-
sults are found when SLN are heavily embedded with metas-
tases or when there is a technique failure due to the relatively 
large size of nanocolloid particles, clumping, and failure to en-
ter into the lymphatic channels. We have used the multiple 
subdermal peritumoral injections of the radioactive tracer ad-
vocated by Veronesi et al. (2006) [4], who re-
ported a SLN identification rate of 98.2% 
and a false negative rate of 4.7%.
 The number of patients in whom gam-
ma probe successfully identified SLN in our 

Figure 4. Technetium-99m-nanocolloid scintigraphy. 
(A) Anterior view (B) Right lateral view. 

Table 1. Comparison of success rate, sensitivity, negative predic-
tive value (NPV) and accuracy

Method Success rate Sensitivity NPV Accuracy

Lymphoscintigra-
phy (LS) and GP

96%
(50/52)

93%
14/15)

100%
(36/36)

98%
(50/51)

Blue dye
87%

(45/52)
80%

(12/15)
100%

(33/33)
93%

(45/48)

LS + blue dye
98%

(51/52)
100%

(15/15)
100%

(37/37)
98%

(51/52)

Gold standard: Histopathological examination and follow-up

Table 2. Lymphoscintigraphy, blue dye and histopathology find-
ings

Characteristics No of patients (%)

SLN detected on lymphoscintigraphy
SLN positive for metastases
SLN negative for metastases

50/52
14
36

SLN detected on blue dye
SLN positive for metastases
SLN negative for metastases

45/52
12
33

Table 3. Patients characteristics and histopathology findings

Characteristics

Median age (range) 47.28±9.7; range 23-69yr

Tumor size in cm Number of Patients %

<1.0
1.1-1.5
1.6-2.0
>2.0

8
14
18
12

Histological types

Ductal infiltrating
Lobular infiltrating
Medullary carcinoma
Invasive mucinous carcinoma

39 (75)
6
4
3

Site

Right breast
Left breast
UOQ
UIQ
LOQ
LIQ
central

24
28
34
12
 3
 1
 2

Grade

I
II
III

16
28
 8
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sicians, clinicians, nursing and the pharmacy personnel in or-
der to produce fewer false negative and more true positive 
findings of SLN identification. 
 In conclusion, according to our findings, GP-SLNB was 
characterized by a high success rate and accuracy and recur-
rence rates of SLNB were comparable to those of ALND but 
with relatively fewer complications. The GP-SLN in conjunc-
tion with the blue dye technique had the highest sensitivity 
and very low false negative results. Further studies with long-
er follow-up periods will assess the recurrence rate after the 
GP SLNB.
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