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Abstract
Background: Sentinel lymph node biopsy is a technique used to identify the

axillary node most likely to contain tumor cells that have metastasized from a primary

carcinoma of the breast. This technique provides accurate staging with fewer

complications than axillary dissection and may result in decreased costs. We designed

the present study to determine the accuracy and success rate of a combined blue dye

and radioactive tracer technique in sentinel node localization. 

Methods: This prospective study included 70 patients with early stage (tumor>5

cm; T1, T2) operable breast cancer and nonpalpable axillary lymphadenopathy seen

between 2005 and 2009. Patients underwent sentinel lymph node localization using 4

mL of blue dye combined with radioactive colloid. After identification and removal

of the sentinel node(s), the axilla was checked for any residual radioactivity. A sentinel

node was defined as any node that was hot, hot and blue or only blue.

Results: The sentinel node was identified in 66 patients with a detection rate of 94.2%,

and a mean of 1.5 sentinel nodes were identified and harvested (range of 1-4). In 23

cases, the sentinel lymph node contained metastatic disease on pathological assessment.

There was no pathological evidence of any metastases in the sentinel node in the

remaining 43 patients. All sentinel lymph nodes were located in level I of the axillary

region. In four patients, no sentinel lymph node was found, so axillary dissection was

performed. The sensitivity of the procedure in predicting further axillary disease was

95.6% with a specificity of 97.6%.

Conclusion: The present study describes the blue dye and radioisotope localization

technique as successful in identifying the sentinel lymph node in early-stage breast cancer

patients.
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Introduction

The axillary node status is the single most
important prognostic variable in the management

of breast cancer.1 It directs the need for further
axillary and adjuvant systemic treatment in patients

with early breast cancer.2-4 Axillary lymph node
dissection, i.e., clearance levels I, II, and III, is the
gold standard in axillary staging as it has a very
low false-negative rate of less than 2%. However,
the morbidity associated with the procedure,

including lymphodema (15-30%),5 neuropathy
including intercostobrachial nerve syndrome

(78%),6 hematoma and seroma (10-52%),7 is well
recognized, along with treatment costs associated
with length of the operation and inpatient stay. 

Sentinel lymph node (SLN) biopsy is a valuable
new technique to assess the nodal status of patients

with early breast cancer.8 Sentinel lymph node
biopsy in breast cancer can accurately stage the
axilla, is a safe and accurate minimally invasive
procedure with less morbidity compared to axillary

clearance.2-4 Initially used in penile cancers and
melanoma, it was applied to breast cancer using

a radioisotope by Krag et al. in 1993.9 Sentinel
lymph node localization using blue dye was first
used in breast cancer in 1994 by Giuliano et al.,
who reported a 93% success rate and 100%

accuracy.10,11 A combination of blue dye and
isotope introduced by Albertini et al. has gained
widespread popularity because of the higher

success rate.12 Many variations to the blue dye
techniques(alone and in combination) have since

been used for SLN localization.13 We designed the
present study to determine the accuracy and
success rate with the use of a combined methylene
blue and radioactive tracer technique to locate
SLN.

Materials and Methods

Seventy patients with early stage operable
breast cancer, seen between 2005 and 2009, were
included in this prospective evaluation.
Preoperative diagnosis included clinical
examination, imaging (mammogram, ultrasound),
cytology or core biopsy. Exclusion criteria were
tumors >5 cm on ultrasound assessment, clinical

or radiological evidence of axillary lymph node
involvement, previous operation in the breast or
axilla, neoadjuvant chemotherapy and patient
refusal. As part of an ethically approved
prospective study, patients gave fully informed
consent for SLN localization with immediate
axillary clearance.

Our protocol was that early-stage tumors with
negative axilla on clinical and ultrasound
assessment underwent guided axillary sampling;
tumors in higher stages underwent axillary
clearance. Patients who had a positive axilla on
guided axillary sampling usually proceeded to
axillary clearance. 

All patients underwent SLN localization using
4 mL of blue dye combined with radioactive
colloid. The application methods for blue dye
and radioactive tracer were subdermal and
subareolar, with a 23G needle. We used 99mTc in
patients who had lymphoscintigraphy on the same
day or the night before surgery. Patients had
preoperative lymphoscintigraphy and the location
of SLN was marked on the skin. Four mL of blue
dye was injected 10-15 min before the skin
incision.

Sentinel nodes were localized with a hand-
held gamma probe to look for hot nodes and to
trace the afferent lymph vessels leading to the
blue node. After the SLN were identified and
removed, the axilla was checked for any residual
radioactivity. An SLN was defined as any node
that was hot, hot and only blue or blue.

Patients underwent breast conservation surgery
or mastectomy. All nodes were sent for frozen
section, permanent pathologic evaluation and
assessed histologically hematoxylin and eosin-
stained sections at nominal 2-mm intervals. 

The data were analyzed with the Fisher exact
test and Pearson chi-squared test. A P value <0.05
was considered statistically significant.

Results

Seventy patients who fulfilled the entry criteria
participated in the study. We used a combined
blue dye and radioactive colloid tracer in all 70
patients. An experienced surgeon performed the
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procedure. The SLN was identified in 66 patients
with a detection rate of 94.2%. A mean of 1.5
sentinel nodes were identified and harvested
(range of 1-4). The SLN contained metastatic
disease on pathological assessment in 23 cases.
There was no pathological evidence of any
metastases in the SLN in the remaining 43 patients.
All SLN were located in level I of the axillary
region.

In four patients, no SLN was found, so axillary
dissection was performed.

There were 23 cases with positive sentinel
nodes seen in the frozen section specimens, but
there was 1 case with a negative sentinel node in
the permanent specimens, therefore we had a
false positive rate of 4.2%. There were 43 cases
with negative sentinel nodes. If we had identified
this patient she would have benefited from
avoiding further axillary surgery. The sensitivity
of the procedure in predicting further axillary
disease was 95.6%; specificity was 97.6% and the
detection rate of 94.2%.  

On further examination of the axillary contents,
one patient was found to have metastatic disease
in the sample or clearance material, for a false
negative rate of 2.3%. This patient underwent
axillary clearance in a second operation. 

Use of the combined methylene blue and
radioactive tracer helped us to localize the SLN
quicker with better accuracy.

Discussion

Sentinel lymph node biopsy is a technique
used to identify the axillary node most likely to
contain tumor cells metastasizing from a primary
carcinoma of the breast. This technique provides
accurate staging with fewer complications than
axillary dissection, and may result in decreased

cost.1-3 Our results yielded an overall success rate
of 94.2% in identifying the SLN with the
combined methylene blue dye and radioactive
tracer technique. Various studies have
demonstrated that dual-agent mapping with blue
dye and 99mTc yields optimal identification rates
compared with either identification method

alone.14

In our study, among the subset of patients for
whom radioisotope status was recorded, a 94.9%
concordance existed in terms of identification of
the SLN with both methylene blue and 99mTc. We
had four patients with no SLN, each of whom
underwent axillary dissection. Further pathologic
evaluation of one of these patients showed no
malignancy. The other three patients had lymph
nodes that were positive for malignancy. One
was stage N3, which may explain why we did not
find this lymph node as those at higher stages of
metastasis usually have a disturbed lymphatic
pathway. Another patient underwent surgery 22
hours after injection of the radioactive tracer,
possibly because the SLN could not be identified.

The final patient with a positive SLN who
underwent axillary dissection had a negative result
in the permanent biopsy. Additionally, upon further
evaluation, one patient with a negative SLN had
a positive axillary lymph node and underwent
additional surgery.

The tumor status of the SLN should accurately
predict the histopathologic status of the regional
lymphatic basin draining the tumor; in particular,
a SLN free from tumor metastasis would exclude
tumor spread to the at-risk regional lymphatic
basin. Although an SLN with metastatic
involvement of a second-tier node may be
negative, this occurrence is very rare, especially
when the primary tumor is in an early stage of
growth. Therefore, in most patients the SLN

concept remains valid.17

Comparison of the data in this study with data
from studies that evaluated the success of the
radioactive tracer technique in localizing the SLN
demonstrates that the combined use of methylene
blue and the radioisotope is an effective technique
to accurately identify sentinel nodes in patients
with breast cancer. The high rate of concordant
identification of the SLN further supports its
efficacy. The greatest benefit of using the
combined technique was quicker localization of
the SLN and hence an overall reduction in
operative time. In the literature, the combined
technique has been reported to be significantly
better than blue dye alone with increased
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sensitivity (77%-87%), accuracy (91.5%-95.5%)

and success rate (86%-100%).15-19

The findings to date suggest that SLN biopsy
is a safe alternative to axillary node dissection in
women with early-stage breast cancer, but
additional data are required to assess the
significance of micrometastases in this patient
population with regard to long-term survival and
localregional recurrence patterns.

Conclusion

In conclusion, the present study describes the
methylene blue dye and radioisotope localization
technique as a successful technique to identify
SLN in patients with T1 and T2 breast cancer. We
suggest that a larger prospective study be
undertaken to confirm the accuracy of the
combined methylene blue dye and radioisotope
method to validate these findings and compare this
combined technique with methylene blue dye or
99mTc isotope, alone.
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