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ABSTRACT

Introduction: Sentinel node biopsy is the gold standard for axillary assessment of patients with 
breast cancer without axillary metastases on clinical and radiological examination. Internation-
ally accepted biopsy methods currently use a radioactive tracer (Te) or different variations of 
vital stain, or the combination of the two. Due to the high cost of technical and organizational 
difficulty related to the radioactive material, as well as the disadvantages of using the vital stain 
method, great effort is being made to find alternative solutions. The aim of this study was to 
determine the effectiveness of the exclusive use of vital stain versus the radioactive isotope, 
and the need to use the combined method. A second goal was the comparative analysis of the 
radioactive method and intraoperative assessment of suspicious (non-sentinel) lymph nodes. 
Materials and methods: This article is based on a prospective nonrandomized study conduct-
ed on 69 patients with early breast cancer in whom the combined method was used (injection 
of radionuclide and methylene blue vital stain). The comparatively monitored parameters were 
the following: the total and mean number of excised sentinel lymph nodes, the number of 
metastatic ganglia revealed by the 2 methods, and the risk of understaging in case only one 
technique was used. Results: We excised 153 sentinel nodes identified by the radioisotope 
method. Of these only 56 were stained with methylene blue (p <0.0001). We could also identify 
a significantly higher number of metastatic nodes with the aid of the radioactive method (p = 
0.0049). Most importantly, a significant number of patients (57.14%) who would have been de-
clared node-negative using vital staining could only be properly staged using the radionuclide 
or the combined method. On microscopic examination of 35 non-sentinel lymph nodes, we 
found 3 lymph nodes with metastases, and in 1 case the metastases were found only in the 
non-sentinel lymph node. Conclusions: Given the risk of understaging, exclusive use of the 
vital stain method is not recommended, especially under the ASGO Z 00011 Protocol, since 
the more accurate determination of the number of metastatic sentinel lymph nodes in a patient 
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Introduction

Breast cancer is the most common malignancy, affecting 
females.1 Specific survival in breast cancer has improved 
significantly in recent decades, on the one hand thanks 
to early diagnosis due to screening programs, and, on the 
other hand, because of advances in the knowledge of tu-
mor biology, which allowed the development of highly ef-
ficient targeted therapies.2

However, the role of surgery remains essential in multi-
modal treatment; efforts in this area are driven especially 
towards the development of less invasive techniques and 
fewer sequelae (both physical and psychological), and 
faster recovery. For a long time, surgical excision of lymph 
nodes played an important role in the surgical treatment of 
breast cancer. Its aim, on the one hand, is the local control 
of the neoplastic process, and, on the other, staging of the 
disease (important for adjuvant treatment decision).

Biopsy of sentinel lymph nodes (SLN) has become the 
standard procedure for assessing alternative axillary lymph 
damage in patients without clinically evident axillary metas-
tases.3 Initially, in cases with metastasis to the SLN, routine 
practice included Berg neck dissection of lymphatic levels I 
and II. A change of paradigm occurred after the publication 
of trial ASCGO Z00011, because avoiding lymphadenecto-
my was proved to be appropriate and safe in patients with 
positive SLN who met certain criteria.4 The AMAROS trial 
also showed overlapping results between axillary lymphad-
enectomy and irradiation in patients with a positive SLN 
without clinically evident lymph nodes, but with a lower 
morbidity in favor of radiation therapy.5

The application of these protocols requires a more ac-
curate axillary assessment, which can prevent the risk of 
undertreating patients, especially in terms of oncology.

Initially, SLN was considered safe only in patients who 
had not received neoadjuvant therapy (chemotherapy or 
hormone therapy), because of the risk of inhomogeneous 
therapeutic response of the lymph nodes, but current stud-
ies show that the technique can be performed safely after 
the neoadjuvant therapy.6

The technique was initially based on injecting vital stain 
(methylene blue) and, subsequently, on injecting radionu-

clide known for its lymphatic tropism, or on the combined 
method (methylene blue and radionuclides).7 Due to tech-
nical difficulties and costs related to the handling of radio-
active substances (which involves cooperation between 
several specialists), alternative techniques were tested, 
such as exclusive use of the vital stain, or injection of lym-
photropic magnetic powders.8,9

Previously published studies demonstrate the viability 
of exclusive use of the vital stain especially in underdevel-
oped countries where the radionuclide technique is un-
available.10 Other studies, however, show that this method 
is not very efficient in detecting SLN and, moreover, there 
is no real advantage in associating the vital stain method 
with the radioactive one.11–13

The aim of this paper was to evaluate the effectiveness 
of using radionuclide stain exclusively compared to the 
combined radionuclide method (vital stain and radioactive 
element) in SLN identification and correct and efficient 
staging of breast carcinoma. A second goal was the com-
parative analysis of the radioactive method and intraop-
erative assessment of suspicious lymph nodes, since there 
are few studies addressing this issue. 

Materials and methods

We conducted a nonrandomized prospective study on a to-
tal of 69 cases of early breast cancer operated in the Tîrgu 
Mureș Surgical Clinic I between 2012–2015. Preoperative 
breast cancer was confirmed by ultrasound-guided biopsy 
in all patients. All patients underwent clinical, ultrasound, 
and preoperative mammography evaluation to highlight 
the presence or absence of suspicious lymph nodes. In 
patients whose imaging evaluation revealed suspicious 
lymph nodes, ultrasound-guided biopsy was performed 
with 18G needle for histopathological confirmation of 
lymph node metastases. Patients in whom the presence 
of lymph node metastases was confirmed were excluded 
from the study and underwent lymphadenectomy. None 
of the 69 patients included in this study showed suspicious 
lymph nodes in the clinical and/or radiological evaluation. 
In order to identify the sentinel lymph node, all patients 

influences the decision whether to perform lymphadenectomy or not. Using the combined 
method confers benefits only during the learning curve, in our database we found no stained 
nodes which were not radioactive. It is very important that the intraoperative stage uses the 
radioactive method and the intraoperative assessment of suspicious lymph nodes, because 
35 non-sentinel lymph nodes were identified in our study, 3 of which had metastases, while in 
1 case the metastases were in the non-sentinel lymph node.
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included in this study were subjected to the radioactive 
method (radioisotope Tc 99) and to the combined method 
using both the vital stain (methylene blue) method, as well 
as the injection of radioisotope Tc 99. Two milliliters of 
radioactive substance (technetium Tc 99m nanocolloid) 
were injected subcutaneously on the day of surgery in the 
Department of Nuclear Medicine. There are two variants 
regarding injecting, namely, periareolar or peritumoral 
injection. We used the combined technique of periareolar 
injection in 4 cardinal points and peritumoral injection in 
all the patients included in our study. Injection of radio-
nuclides is followed by lymphoscintigraphy, which reveals 
the location of the sentinel lymph node. Intraoperative 
identification of the sentinel node is performed using the 
Geiger-Müller probe, with which we can identify the point 
of maximum radioactivity. This method was performed in 
all the patients of our study group.

Injecting methylene blue vital stain was done prior to 
the surgery; 2 mL were injected at the four-periareolar 
sites, intradermally. This method was performed in all the 
patients of our group.

By definition, lymph nodes that stain blue through the 
vital stain method are considered positive, while the hot 
lymph node is the one that captured radioactive isotope 
after injecting the radioactive substance.

We performed an intraoperative assessment of axillary 
lymph nodes by palpation and intraoperative ultrasound. 
Lymph nodes that appeared suspicious on clinical and/or 
intraoperative ultrasound were excised even if they had not 
captured radioactivity or had not stained blue with vital 
stain. We used this method in all the patients in our group.

Lymph nodes excised by any of these methods were sent 
to the pathology laboratory accompanied by patient data. 

Sampling requires establishing the number of lymph 
nodes received per case, determining those that stained 
blue, those that were identified only by radioactive sub-
stances (sent in separate containers), and those which were 
identified only by palpation associated with intraoperative 
ultrasound evaluation, considered non-sentinel (non-SLN) 
and sent in a separate container, sectioning them at every 2 
mm in parallel with the long axis, and embedding all frag-
ments in paraffin. The fragments were then sectioned at 200 
microns (in order to identify not only macro-, but also mi-
crometastases) and a standard section was made at every 
interval (stained with hematoxylin-eosin), and a separate 
section was mounted and prepared for any subsequent im-
munohistochemical examination. We performed a com-
parative study of the total number of sentinel nodes excised 
by the 2 methods (radioactive versus combined), we also 
noted the number of positive lymph nodes (metastases) 

identified histologically by the 2 methods, and especially 
the existence of understaged patients following the use of 
a single method. The same parameters were also observed 
in non-SLN cases. Data were retrieved from histological re-
ports and were analyzed statistically using Graph Pad Prism 
6 software, Fisher test, chi square test, and T-test. p <0.05 
was considered statistically significant.

Results

The study included 69 patients initially. In 2 cases, the SLN 
could not be identified by any of the methods used and de-
scribed in the Materials and methods part. These two cases 
required evaluation lymphadenectomy.

In the remaining 67 cases, both the radioactive and 
combined method (vital stain and radioactive) were ap-
plied simultaneously. Non-SLN, which were identified 
intraoperatively, were excised together with the sentinel 
nodes (23 cases).

The tracer technique was successfully performed in 
67 cases (97.1%) and the vital stain method in 33 cases 
(47.82%), with a statistically significant difference, p = 
0.0001. Considerable differences were obtained in terms of 
the number of SLN detected by the two methods (radio-
active versus vital stain). We identified a total number of 
153 SLN (all showing obvious radioactivity), of these only 
56 were stained with vital stain (p <0.0001). It should be 
noted that all blue stained sentinel lymph nodes showed 
radioactivity.

The mean number of sentinel nodes identified with 
methylene blue was 0.82/patient, and 2.28 by the radioac-
tive tracer method.

Twenty-two metastatic SLN were identified (14.37%), 
which represented a percentage of 20.89% of patients. 
There is a significant difference between the two methods 
in this respect as well, thus, of the detected 22 metastatic 
SLN 22 were radioactive and only 5 stained with methy-
lene blue (p = 0.0049).

During surgery, of the 67 cases 35 lymph nodes were 
excised, which had not captured the radionuclide and 
had not stained but were hypertrophied on palpation or 
intraoperative axillary ultrasound; they were categorized 
as non-sentinel lymph nodes (23 cases). Of these 35 non-
SLN microscopic examination revealed 3 lymph nodes 
with metastases, and in 1 case metastases were found ex-
clusively in the non-SLN (Table 1).

Of the patients with axillary metastases, 14 were identi-
fied by radionuclide, 5 by injecting vital stain, and 1 using 
palpation and intraoperative ultrasound (non-sentinel). 
The radionuclide method showed a higher sensitivity 
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(93.33%) than the methylene blue method (33.33%), but 
both had 100% specificity in detecting sentinel lymph 
nodes.

Discussions 

SLN biopsy has become the standard initial therapy in 
early forms of breast cancer, and lately also in the more 
advanced ones (following chemotherapy) with complete 
axillary response on radiologic examination.3,6 The clas-
sic technique involved injecting a vital stain in combina-
tion with radionuclide for a higher efficiency and accuracy. 
The difficulties in using a combined method are mostly re-
lated to the costs of the radiodetection equipment and to 
the availability of nuclear medicine services. Efforts were 
made to find less expensive and simpler solutions for the 
detection of sentinel lymph nodes through the exclusive 
use of the vital stain or by using magnetic powders.8,9

Moreover, researchers raised the question whether the 
exclusive use of radionuclide has the same accuracy and 
certainty as the combined method, because using the vi-
tal dye may give rise to adverse effects such as allergies or 
even skin necrosis.

Our nonrandomized prospective study mainly aims at 
comparing the efficiency of the two methods and the com-
bined one.

SLN detection by the radionuclide method had a far su-
perior detection rate compared to the vital stain method, 
practically in only 1% (2 cases) SLN could not be identi-
fied, and required assessment lymphadenectomy. Our 
study shows that standalone use of the vital stain may be 
effective in under 50% of cases.

We noted significant differences in the number of SLN 
detected by the two methods in favor of the radiotracer 
method. Detecting a real or complete number of sentinel 
lymph nodes is of great importance especially in light of 
new data and trends in world literature. Thus, in order to 
correctly apply the ACOSOGO Z00011 protocol, we need 
to have as much data on the lymph nodes as possible. The 

Protocol provides for the avoidance of lymphadenectomy 
in patients with one or two positive nodes fulfilling five 
other criteria (primary tumor stage 1 or 2, surgical pres-
ervation of the breast followed by postoperative radio-
therapy on the remaining breast tissue, and the absence of 
chemotherapy or hormone therapy as neoadjuvant treat-
ment).4 In the exclusive use of the vital stain, according 
to data drawn from the study, implementing the Z00011 
protocol is impossible or perilous. Furthermore, the 2015 
NCCN and ESMO protocols provide for the application 
of SLN biopsy in patients with preoperative neoadjuvant 
treatment (even with lymphadenopathy at the onset), but 
with complete axillary response on radiography.4,6 In these 
cases, the presence of axillary metastases is followed by 
lymphadenectomy. Accurate assessment of axillary cases 
with neoadjuvant treatment implies the excision of at least 
3 SLN.6 This is actually impossible if only the vital stain is 
used, because our study revealed that the methylene blue 
method identified only 0.83 lymph nodes/patient versus 
2.28 lymph nodes/patient identified by the radionuclide 
method.

Another objective of the study was to assess the effi-
ciency of parallel use of the palpation method and/or in-
traoperative ultrasound evaluation of suspicious axillary 
lymph nodes. This technique has been promoted as effec-
tive in the intraoperative evaluation of the axilla by other 
studies.14 In our study, the use of this method helped us 
to identify 35 non-SLN, of which, following microscopic 
examination, 3 lymph nodes had metastases, and in 1 case 
out of the 67 metastases were found exclusively in the non-
SLN.

Conclusion

Given the superior efficiency of sentinel node detection by 
injecting radionuclide, as well as the risk of understaging 
by the vital stain method, we believe that the radioactive 
method should be used. The combination with the vital 
stain method is a choice only during the learning curve. 

TABLE 1.  Comparative analysis of the study group by applying different methods to identify SLN and non-SLN 

Radioactive method  
No. of cases /  

no. of SLN

Vital stain method  
No. of cases /  

no. of SLN

Combined method 
No. of cases /  

no. of SLN

Non-sentinel LN 
identification 

method  
No. of cases /  

no. of SLN

p value

Positive 14 / 22 5 / 5 14 / 22 3 / 3 0.1

Negative 53 / 131 62 / 51 53 / 22 20 / 32 

Total 67 / 153 67 / 56 67 / 153 23 / 35 
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Our study identified 35 non-sentinel lymph nodes of which 
3 had metastases and in one case the metastases were lo-
cated exclusively in the non-sentinel lymph node. As such, 
we can conclude that using the radioactive method com-
bined with the intraoperative evaluation of the suspicious 
lymph nodes is of paramount importance.
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