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Abstract: A retrospective study was conducted from a review of the medical records of patients with early-stage, 
invasive breast cancer who underwent surgical treatment and sentinel node biopsy with a radiotracer from Janu-
ary 2008 to August 2012 at a single institution (221 patients included). The patients were grouped according 
to the time of 99mTc Dextran-500 injection, which was preoperatively (with lymphoscintigraphy) (81 patients) or 
intraoperatively (140 patients). The purpose of the report is to compare the results of sentinel node biopsy of early-
stage breast cancer patients who were subjected to intraoperative 99mTc Dextran-500 injections with the patients 
who received preoperative injections. The following parameters were analyzed: clinical tumor staging, histological 
and pathological results, size and number of tumor foci, peritumoral vascular invasion, number of lymph nodes 
removed, size of lymph node metastasis and hormone receptor expression.There were no differences in sentinel 
lymph node localization whether 99mTc Dextran-500 was injected preoperatively or intraoperatively.

Keywords: Sentinel lymph node, breast cancer, 99mTc Dextran-500, intraoperative injection, preoperative injection, 
lymphoscintigraphy

Introduction

Breast cancer is the second most common 
type of cancer in the global population and the 
most common type of cancer among women 
[1]. It is estimated that 1 in 9 women will devel-
op breast cancer during their lifespan [2]. The 
prognostic factors for breast cancer include the 
histological type and grade, tumor size and axil-
lary status. Among these parameters, the axil-
lary status is the most powerful when predict-
ing survival in the absence of distant meta- 
stases [3].

Modern screening methods have enabled the 
early diagnosis of breast cancer in the absence 
of axillary lymph node (LN) metastases. As a 
result, axillary dissection became excessive, 
and patients were unnecessarily exposed to 
associated morbidities [4, 5]. Sentinel lymph 

node biopsy (SNB) was introduced to reduce 
unnecessary axillary dissection. This surgical 
approach conserves the regional lymphatic 
chain for axillary staging because it restricts 
lymphatic dissection only to patients whose 
biopsies show metastasis in at least one LN [5, 
6].

There are numerous methods for sentinel lymph 
node (SN) removal in breast cancer. The main 
materials injected for SN localization and poste-
rior SNB are patent blue dye solution and radio-
pharmaceuticals (RPs). In a recent meta-analy-
sis conducted by Pesek et al. [7], that analyzed 
183 articles with a total of 9,306 patients, the 
use of patent blue dye alone was associated 
with a higher false negative rate, while the low-
est false negative rates were observed when 
patent blue dye was used in combination with 
RPs. There are numerous SNB techniques that 
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incorporate RPs, and these techniques differ 
primarily in the RPs administration time and 
site and the acquisition or not of preoperative 
images. RPs injections can be performed either 
intraoperatively or preoperatively; the latter are 
administered hours before the surgical proce-
dure [8].

Materials and methods

A retrospective study was conducted at a single 
institution during the period from January 2008 
to August 2012. The study included an analysis 
of the medical records of patients.

Inclusion criteria: Patients with a diagnosis of 
invasive or in situ breast carcinoma who under-
went surgical treatment (mastectomy or sectio-
nectomy) and SNB; use of RPs for localization 
and SNB; and mastectomy surgery performed 
during the period from January 2008 to August 
2012, at the Porto Alegre Teaching Hospital 
(Hospital de Clínicas de Porto Alegre - HCPA).

Exclusion criteria: Patients who underwent 
prior breast or axillary surgery; and the evolu-
tion of surgery for axillary dissection without LN 
intraoperative histological results.

All cases from 2008 that met the above criteria 
were selected, as 2008 was the year that intra-
operative 99mTc Dextran-500 injections were 
introduced for use at the institution. The data 
were recorded in data collection files for further 

analysis. The patients were grouped according 
to the time of 99mTc Dextran-500 injection for 
SNB; those who received preoperative RP injec-
tions and imaging (lymphoscintigraphy) were 
called the PO group, and those who received 
intraoperative RP injections without imaging 
were called the IO group. In all cases, the sur-
geons used gamma probe to identify the radio-
active focus during intraoperative axillary exa- 
minations.

The following characteristics were analyzed: 
Clinical tumor staging by T value, according to 
the TNM classification of the 7th edition of the 
American Joint Committee on Cancer (AJCC); 
size, histological type and focality of the prima-
ry tumor; peritumoral vascular invasion; hor-
mone receptor expression; histological and 
pathological LN examination results; number 
and location of the removed LNs and the size of 
LN metastases. In the PO group, the presence 
of radioactive LNs, visualized in images, col-
lected from successful intraoperative gamma 
probe identifications, was also determined.

Preoperative injection 

Periareolar subdermal injections of 0.5 to 1.5 
mCi (18 to 55 MBq) of 99mTc Dextran-500 [fil-
tered-sterilized with an 0.22-μm filter (Millex GV 
Filter Unit 0.22-μm - Durapore PVDF Membrane)] 
in volumes of 0.2 to 0.5 mL were administered 
to the tumor-containing quadrant by the nucle-

Figure 1. Lymphoscintigraphy for sentinel lymph node detection in breast cancer. A. Anterior projection: note the 
injection site (large arrow) in the topography of the right breast of the patient; B. Lateral projection: here, the injec-
tion site (hollow arrow), the intramammary radiopharmaceutical route and the concentration in the lymph node (thin 
arrow) can be observed.
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ar medicine service. A licensed nuclear physi-
cian administered the injections for subsequent 
lymphoscintigraphy within 2 to 6 hours prior to 
the surgical procedures.

Lymphoscintigraphy

Images were taken between 30 and 60 min-
utes after the RP injection. If the LN was not 
visualized, the patient was instructed to per-
form mild compression at the site of injection, 
and delayed images were obtained. Images 
were obtained during 5 minutes from anterior 
and lateral or anterior oblique size of the affect-
ed side, with a GE Millennium MG gamma cam-
era (Salt Lake City, UT, USA) in a single collima-
tor, 64 x 64 matrix (Figure 1). The skin was 
marked with an indicative dot on the captured 
LN projection.

Intraoperative injection

After anesthesia, a 5 mL volume of 0.5 to 1.5 
mCi (18 to 55 MBq) of filter-sterilized (Millex GV 
Filter Unit 0.22-μm - Durapore PVDF Membrane) 

paraffin for diagnosis. In some cases, the SN 
was frozen and cut during surgery. For the final 
definitive diagnoses, the resulting paraffin 
blocks were cut and stained with HE, and a 
slide was removed and stored for immunohisto-
chemistry. Afterwards, staggered cuts were 
made at intervals of 200.0-μm until the entire 
block had been sliced. A slide was removed for 
immunohistochemistry at each 1,000.0 μm. As 
a rule, 2 5.0-μm thick tissue slices were placed 
on each histological slide. During the study, the 
histological diagnoses were reviewed by a 
pathologist and compared with the initial diag- 
noses. 

Radiological protection

The radiation doses injected into the breast 
cancer SNB ranged from 0.5 to 1.5 mCi. 
Approximately 20% of such a dose is systemi-
cally absorbed by the patient [8], and thus the 
estimated effective dose for the patient is very 
low. The annual dose limit for the general public 
is 1 mSv; this limit has been increased to 5 
mSv/year for nuclear medicine professionals. 

Figure 2. Study flowchart that includes the number of patients in each stage 
(from January 2008 to August 2012). *SNB: Sentinel Lymph Node Biopsy; IO: 
Intraoperative; PO: Preoperative.

99mTc Dextran-500 was inject-
ed into the subareolar breast 
region. On the right breast, the 
injection position was at 10 
o’clock and on the left breast, 
at 2 o’clock; the injections 
were always directed medially 
to the nipple.

Intraoperative gamma probe 
localization of SN

Axillary region capture mea-
surements were obtained with 
a radiation detection probe 
(EuroProbe, Lyon, France) until 
an area with higher radioactiv-
ity counts compared to the 
surrounding area was identi-
fied. This area, called “hot 
spot”, represented the accu-
mulated radiation emission in 
the SN.

Histology and pathology

Preferably, all SNs were asse- 
ssed by cytological examina-
tion during the surgical exami-
nation, with the goal of pre-
serving the specimens in 
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This dosage can be compared to the risk of 
lung cancer death for a smoker [9]. Of the entire 
dose administered to the patient, approximate-
ly 1% migrates to the SNs [10], and 90% of the 
SNs have doses below 100 µSv [11]. Thus, it 
can be concluded that the radiation doses to 
surgeons and pathologists are extremely low 
and then well below the dose limits for the gen-
eral public.

Statistical analysis

The data were entered into Excel spreadsheets 
(Microsoft, Redmond, WA, USA) and then 
exported to the SPSS v.18.0 software (IBM, 
Armonk, NY, USA) for statistical analysis. The 
categorical variables were described as fre-

the axilla or breast or had surgeries that evolved 
to axillary dissection without intraoperative 
biopsy. According to chart reviews of the 221 
remaining patients, 140 were classified in IO 
group and 81 in PO group (Figure 2). The 2 
groups were similar with regard to the following 
factors: age, gender, clinical staging, type of 
mastectomy, laterality of surgery, size and num-
ber of tumor foci, peritumoral vascular inva-
sion, Nottingham grade, the presence of estro-
gen and progesterone receptors and neoadju- 
vant chemotherapy (Table 1).

Overall, a total of 478 LN were removed for 
SNB; 305 were removed in the IO group and 
173 in the PO group. The mean of number of 
LNs removed was 2.20 (± 1.13; range, 1-7 per 

Table 1. Characteristics of the 221 patients included in the study, 
according to the radiotracer injection time (considering p < 0.005)

IO Injection N = 140 PO Injection N = 81 P value
Mean age 56.2 ± 12.7 56.9 ± 12.0 0.691
Female 139 (99.3) 81 (100%) 0.999
Surgery 0.790
    Sectionectomy 92 (65.7) 51 (63.0)
    Mastectomy 48 (34.3) 30 (37.0) 
Laterality 0.843
    Left 85 (61.6) 48 (59.3)
    Right 53 (38.4) 33 (40.7)
Tumor size (cm) 2 (1.3 to 2.6) 2 (1.3 to 2.7) 0.532
Number of foci 0.468
    Unifocal 119 (85.0) 65 (80.2) 
    Multifocal 21 (15.0) 16 (19.8)
Histology 0.299
    DCIS 3 (2.1) 1 (2.1)
    Ductal Inv 127 (90.7) 69 (85.2)
    Lobular Inv 10 (7.1) 11 (13.6) 
Peritumoral Invasion 47 (37.6) 17 (21.0) 0.067
Nottingham grade 0.157
    1 24 (18.3) 19 (27.5)
    2 71 (54.2) 38 (55.1)
    3 36 (27.5) 12 (17.4) 
PR Negative 44 (32.6) 18 (23.4) 0.207
ER Negative 26 (19.3) 12 (15.6) 0.628
Neoadjuvant Treatment 6 (4.3) 7 (8.6) 0.237
Clinical stage (T) 0.319
    In situ 3 (2.1) 1 (1.2)
    1 65 (46.4) 46 (56.8)
    2 72 (51.4) 34 (42.0)
IO: Intraoperative; PO: Preoperatively; DCIS: Ductal in situ; Inv: invasive; PR: Proges-
terone Receptor; ER: Estrogen Receptor.

quencies and percentages 
and the quantitative vari-
ables as means and stan-
dard deviations. The cate-
gorical variables between 
the groups were compared 
with chi-square or Fisher’s 
exact tests, and the quanti-
tative variables between 
groups were compared with 
Student’s t test for indepen-
dent samples. The signifi-
cance level was set at 5%.

Ethics

All authors signed an Ethical 
Statement for data usage. 
The study was approved by 
the Ethics Committee of the 
HCPA and by the Brazil plat-
form (CAAE: 11920912.4.0- 
000.5327).

Results

During the period from 
January 2008 to August 
2012, 1,785 breast surger-
ies were performed at the 
HCPA, of which 252 were 
mastectomies or sectionec-
tomies that included SNB 
with radioisotope. Thirty-
one individuals were exclud-
ed from the analysis bec- 
ause they had received prior 
surgical manipulations of 
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subject) in the IO group and 2.07 (± 1.33; 
range, 0-7 per subject) in the PO group (p = 
0.473). With regards to variation in the sizes of 
LN metastases in the IO group, 32% (16) were 
micrometastases and 68% (34) were macro-
metastases; in the PO group, 3.6% (1) were 
emboli, 21.4% (6) were micrometastases and 
75% (21) were macrometastases (Table 2). 

The rates of metastasis-positive diagnosis in 
the SNs during intraoperative examinations 
were 29.0% and 24.7% in the IO and PO groups, 
respectively (p = 0.595). The final diagnosis in 
paraffin-fixed positive for metastasis occurred 
in 50 patients (36%) from the IO group and 29 
patients (35.8%) from the PO group (Table 3).

The IO group had a concordance rate of 90.6% 
between the intraoperative and definitive par-
affin diagnoses, resulting in a kappa coefficient 
of agreement of 0.804 (p < 0.001). In the PO 
group, the rate was 87.7%, with a kappa coeffi-
cient of 0.735 (p < 0.001). A total of 71 (32.3%) 
patients underwent total axillary dissection. 
Among them, the mean number of LNs removed 
was 15.97, with a standard deviation of 7.56 
and a range from 2 to 42. In 96.42% of the IO 
cases, the SN was identified with a gamma 
probe during surgery, in comparison to 92.59% 
of the PO cases. The difference between the 2 
groups was not significant. The false negative 
rate was 7.2% in the IO group and 11.1% in the 
PO group (p < 0.390).

In the PO group, lymphoscintigraphy identified 
the migration of the radiotracer to the internal 
mammary chain in 2 patients, and 1 of these 

patients also showed migration to the axillary 
chain. No LNs were visualized in 6 cases (7.4%), 
1 LN was visualized in 41 cases (50.6%) and 
more than 1 LN in 34 cases (42.0%; Table 4). In 
50% of the cases in which no radioactive con-
centration was visualized in the LN by lymphos-
cintigraphy, radioactive counts were identified 
intraoperatively with a gamma probe.

Discussion

The involvement of the axillary lymphatic chain 
is critical for the staging, prognosis and treat-
ment of patients with breast cancer [12]. After 
considering that only 30-40% of patients with 
breast cancer have axillary metastases [13-15] 
as well as more recent studies in which ≥ 
70-80% of patients with early-stage breast car-
cinomas have shown no metastatic LN involve-
ment [14], axillary lymphadenectomy has been 
recognized as excessive for use in all patients. 
In the present study, LN metastasis was 
observed in 36% of the IO and 35.8% of the PO 
group patients. Similar results were published 
by Martelli et al [15], who observed a metastat-
ic LN involvement rate of 33.7% among 172 
patients.

The initial study on SNs in breast cancer, in 
which radiotracers and gamma-ray detectors 
were used perioperatively, was performed by 
Krag et al. [16] in 1993. That study used a 99mTc 
bound sulfur colloid, and the authors observed 
an 81% rate of SN identification and a 100% 
prediction rate for the axillary LN status. 
Although the techniques have improved since 
their introduction, there remains concern about 
the number of false-negative cases. In a meta-
analysis, Kim et al. [14] reported a mean false-
negative rate of 8.4% among the studies 
assessed, with a median of 7% and a range 
from 0 to 29.4%. This false-negative rate is crit-
ical, because it delays the start of neoadjuvant 
treatment and subjects the patient to addition-
al intervention with a second surgical proce- 
dure.

Because only patients with a metastatic SN 
that was confirmed by intraoperative histologi-
cal examination underwent axillary dissection 
(32.3% in total) in the present study, the rate of 
false negatives (IO = 7.2%; PO = 11.1%) refers 
to the histological method in comparison to the 
anatomopathological method and not to the 

Table 2. Characteristics of lymph nodes removed 
during sentinel lymph node biopsy, according to 
study group

IO Injection PO Injection 
Total LN removed 305 173
Mean LN removed 2.20 (± 1.13) 2.07 (± 1.33)
Maximum No. LN removed 7 7
Minimum No. LN removed 1 0
Patients with SN+ for mtx 36 (50) 35.8 (29)
Size of LN mtx
    Emboli 0 3.6 (1)
    Micrometastasis 32 (16) 21.4 (6)
    Macrometastasis 68 (34) 75 (21)
IO: Intraoperative; PO: Preoperative; LN: lymph node; No.: num-
ber; SN+: positive sentinel lymph node; mtx: metastasis.
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success of the technique with respect to cor-
rect SN identification.

The main indications to SNB are cases of inva-
sive, primary breast cancers with tumors no 
more than 5 centimeters in diameter and a 
clinically negative axilla [15, 17, 18]. The analy-
sis of surgeries performed at our institution 
revealed that the practice of SNB in patients 
with invasive T1 and T2 tumors, and in situ (Tis) 
in some cases, agrees with the consensus by 
the American Society of Breast Surgeons [18], 
which has restricted the method to stage T3 
tumors in clinical trials. 

A variety of RPs have been used for SNB in the 
past 30 years [13, 19]. In Brazil, we basically 
use 99mTc phytate and 99mTc Dextran-500. Xavier 
et al. [20] compared 99mTc phytate to 99mTc 
Dextran-500 in 40 patients who were subject-
ed to lymphoscintigraphy with both RPs and 
observed that the Dextran-500 tagged more 
LNs in a higher number of cases than the phy-
tate solution. The Dextran-500 showed good 
results when injected intraoperatively in a pio-
neer study that was conducted in Brazil by 
Delazeri et al. [21]: the SN identification rate 
was 98% with only the use of a gamma probe 
(without lymphoscintigraphy). The present stu- 
dy made a unique comparison, as there are no 
reports of studies in Brazil that have compared 
the findings for the 2 99mTc Dextran-500 injec-
tion techniques (intra- and preoperative).

One of the main advantages of preoperative 
injections is the ability to obtain images for 

mapping the breast lymphatic route towards 
the SN (lymphoscintigraphy), that was intro-
duced in 1958 (17) and is still widely used. 
Lymphoscintigraphy identifies and confirms the 
hot focal area, the number of radioactive LNs, 
the presence of migration to non-axillary LN 
(supra or infraclavicular, or internal mammary 
chain), as well as the lack of radioactive mate-
rial concentration in the LN. 

Lymphoscintigraphy is essential when there is 
drainage to the internal mammary chain [22, 
23], to help to plan the radiotherapeutic and 
chemotherapeutic approaches [5]. The real 
value of the removal of LN from internal mam-
mary remains controversial [24, 25]. In the 
present study, of all of the LNs visualized on the 
images, only 2 (2.6%) were within the internal 
mammary chain, and in 1 case, there was also 
drainage and concentration in the axillary 
chain. In the IO group, there were no such cases 
described in the medical records. There are, 
however, literature reports on the identification 
of non-axillary LN with only intraoperative 
gamma probe in more than 10% of investigated 
cases [26].

Newman [12] summarized data from represen-
tative studies about lymphatic mapping and SN 
in breast cancer patient and concluded that 
intraoperative gamma probe is more sensitive 
than lymphoscintigraphy. In this article, the 
study by Borgstein et al [27] is cited because, 
when analyzing 14 patients in whom the SN 
was not visualized by lymphoscintigraphy, in 
approximately half of the cases it was instead 
detected with a radiation counter (gamma 
probe) during surgical axillary manipulation. In 
the present study, there was no detectable lym-
phatic concentration by lymphoscintigraphy in 
6 cases and, out of these cases, 3 (50%) were 
detected with an intraoperative gamma probe. 
Omitting lymphoscintigraphy would be justified 
in these cases based on studies that show that 
these examinations do not increase the SN 
detection rate, like McMasters et al. [28] have 

Table 3. Number of metastasis-positive lymph nodes found during transoperative and final examina-
tions (in paraffin), according to study group

IO Group PO Group P Value
LN with MTX in the Transoperative examination* 40 (29.0%) 20 (24.7%) 0.595
LN with MTX in the Definitive (paraffin) examination* 50 (36.0%) 29 (35.8%) 0.999
*2 losses. Data presented by the absolute frequency and relative percentage frequency and compared with a chi square test 
with Yates convention. IO: Intraoperative; PO: Preoperative; LN: lymph node; MTX: metastasis.

Table 4. Number of lymph nodes visualized 
on the lymphoscintigraphy images in the 
preoperative group
No. of LN visualized by 
Lymphoscintigraphy

No. of patients (only in the 
PO group)

O 6 (7.4%)
1 41 (50.6%)
More than 1 34 (42.0%)
No.: number; LN: lymph node; PO: Preoperative.
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showed when studying 588 patients with 
breast cancer, where 348 had done lymphos-
cintigraphy and no difference was detected in 
SLN identification, neither a number of SLNs 
resected.

To decrease the risk of axilla understaging, it is 
necessary to remove all detected radioactive 
LN, which in practice are those that have a radi-
ation level of at least 10% of that observed in 
the hottest LN during the ex vivo count, second 
advocated Dutta et al. [29]. In a meta-analysis 
of SNB and lymphoscintigraphy, Kim et al. [14] 
reported that among patients with metastasis-
positive SN, 53% have other affected LN. The 
SN programs with lower rates of false negatives 
report the average removal of 2 LNs per dissec-
tion [30]. In the present study, the mean num-
bers of LN removed were 2.20 (± 1.13) for the 
IO group and 2.07 (± 1.33) for the PO group, in 
agreement with the literature. 

The first study of intraoperative RPs injections 
was published by Layeeque in 2004 [24]. The 
method consisted of an intraoperative, subare-
olar injection of RPs and blue dye in, with a total 
of 88 patients and 96 procedures: 97% of pro-
cedures had successful identification; all SNs 
were hot; 91 (of 93 procedures with blue dye) 
were blue and hot; the mean time from radio-
isotope injection to incision was 19.9 minutes. 
He concluded that intraoperative subareolar 
injection of radioisotope rapidly drains to the 
SNs and allows immediate staging of the 
axilla.

Like our study, others similar were published, 
with similar results. But in the current study we 
injected 99mTc Dextran-500, while the most 
studies use 99mTc-sulfur colloid. Dauphine et al. 
[31] analyzed the results of SN identification in 
200 patients, of whom 120 received preopera-
tive RP injections and 80 received intraopera-
tive injections. The following results were 
obtained: SNs were identified in 96% of the PO 
and 100% of the IO cases; radioactive LNs were 
identified in 95% of the PO and 97% of the IO 
cases; and SNs were found to be metastasis-
positive in 25% of the PO and 35% of the IO 
cases. In a more recent study, Vu et al [32] ana-
lyzed 739 SNB (647 had preoperative injection 
of radiocolloid and 92 had intraoperative injec-
tion), and found similar rates from SN identifica-
tion, the average number of SN removed and 

the overall rates of positive SN, between the 
two groups. 

In a retrospective study, Stell et al. [33] ana-
lyzed 214 patients, of whom 102 received pre-
operative injections of 99mTc sulfur colloid and 
112 patients received intraoperative injec-
tions. The authors found no significant differ-
ences in the main results of SN surveys 
between the groups and concluded that the 
intraoperative injection was an advantageous 
and oncologically safe procedure. 

Radiocolloid injections performed in the oper-
ating room while the patient is under anesthe-
sia decrease delays in operating room schedul-
ing by presenting better logistics, as it is 
unnecessary to relocate patients to the nuclear 
medicine service. Furthermore, this method 
eliminates injection pain, reduces the anxiety 
associated with PO injections, and reduces 
costs [31, 33-34].

Conclusion

This study has validated the intraoperative 
injection technique as a safe and statistically 
similar method as compared to the previously 
used technique (preoperative injection). The 
results of this study indicate the equal effica-
cies of intraoperative and preoperative 99mTc 
Dextran-500 injections for SN detection in 
breast cancer, creating another alternative for 
the performance of this examination in a less 
costly and more rapid manner. 

Disclosure of conflict of interest 

None.

Address correspondence to: Dr. Maria C Dambros 
Gabbi, Medical Sciences (PPGCM), Famed-
Universidade Federal do Rio Grande do Sul (UFRGS), 
Avenida Plínio Brasil Milano, 275/404, Higienópolis 
CEP: 90520002, Porto Alegre, RS, Brazil. Tel: 55 55 
99036369; E-mail: mcgabbi@yahoo.com.br

References

[1] Estimativa 2012: Incidência de Câncer no Bra-
sil (Incidence of cancer in Brazil). INCA: Insti-
tuto Nacional do Câncer; 2012.

[2] Ell PJ, Gambhir SS. Nuclear Medicine in Clini-
cal Diagnosis and Treatment. 3rd edition. 
Churchill Livinstone; 2004. 



Pre- and intraoperative 99mTc Dextran-500 in breast cancer

609 Am J Nucl Med Mol Imaging 2014;4(6):602-610

[3] Upender S, Mohan H, Handa U, Attri AK. Intra-
operative Evaluation of Sentinel Lymph Nodes 
in Breast Carcinoma by Imprint Cytology, Fro-
zen Section and Rapid Immunohistochemistry. 
Diagn Cytopathol 2009; 37: 871-5.

[4] Veronesi U, Paganelli G, Viale G, Luini A, Zurri-
da S, Galimberti V, Intra M, Veronesi P, Robert-
son C, Maisonneuve P, Renne G, De Cicco C, 
De Lucia F, Gennari R. A Randomized Compari-
son of Sentinel-node Biopsy with Routine Axil-
lary Dissection in Breast Cancer. N Engl J Med 
2003; 349: 546-53.

[5] Guidroz JA, Johnson MT, Scott-Conner CE, De 
Young BR, Weigel RJ. The use of touch prepara-
tion for the evaluation of sentinel lymph nodes 
in breast cancer. Am J Surg 2010; 199: 792-6. 

[6] Coelho-Oliveira A, Rocha ACP, Gutfilen B, Pes-
soa MCP, Fonseca LMB Da. Identificação do 
Linfonodo Sentinela no Câncer de Mama com 
Injeção Subdérmica Periareolar em Quatro 
Pontos do Radiofármaco (Identification of Sen-
tinel Lymph Node in Breast Cancer with Sub-
dermal Periareolar Injection at Four Points with 
the Radiopharmaceutical). Radiologia Brasilei-
ra 2004; 37: 233-7. 

[7] Pesek S, Ashikaga T, Krag LE, Krag D. The 
false-negative rate of sentinel node biopsy in 
patients with breast cancer: a meta-analysis. 
World J Surg 2012; 36: 2239-51.

[8] Kaplan WD, Piez CW, Gelman RS, Al E. Clinical 
comparison of two radiocolloids for internal 
mammary lymphoscintigraphy. J Nucl Med 
1985; 26: 1382-5. 

[9] Huda W, Scrimger JW. Irradiation of volunteers 
in nuclear medicine. J Nucl Med 1989; 30: 
260-4.

[10] Society Of Nuclear Medicine Procedure Guide-
lines Manual. 2002. pp. 135-40. 

[11] Mettler F, Guiberteau M. Essentials of Nuclear 
Medicine Imaging. 6rd edition. Elsevier Inc.; 
2012. pp. 353-5, 421-42, 553-4. 

[12] Newman LA. Lymphatic Mapping And Sentinel 
Lymph Node Biopsy In Breast Cancer Patients: 
A Comprehensive Review Of Variations In Per-
formance And Technique. J Am Coll Surg 2004; 
199: 804-16. 

[13] Thrall JH, Ziessman HA. Medicina Nuclear (Nu-
clear Medicine). 2nd edition. Guanabara 
Koogan; 2003. pp. 63-4, 224-6. 

[14] Kim T, Giuliano AE, Lyman GH. Lymphatic Map-
ping And Sentinel Lymph Node Biopsy In Early-
Stage Breast Carcinoma: A Metaanalysis. Can-
cer 2006; 106: 4-16.

[15] Martelli G, Miceli R, Daidone MG, Vetrella G, 
Cerrotta AM, Piromalli D, Agresti R. Axillary dis-
section versus no axillary dissection in elderly 
patients with breast cancer and no palpable 
axillary nodes: results after 15 years of follow-
up. Ann Surg Oncol 2011; 18: 125-33.

[16] Krag DN, Weaver DL, Alex JC, Fairbank JT. Sur-
gical resection and radiolocalization of the 
sentinel lymph node in breast cancer using a 
gamma probe. Surg Oncol 1993; 2: 335-9; dis-
cussion 340. 

[17] Krag D. The Sentinel Node for Staging Breast 
Cancer: Current Review. Breast Cancer (Tokyo, 
Japan) 1999; 6: 233-6.

[18] The American Society of Breast Surgeons. Con-
sensus Statement on Guidelines for Perform-
ing Sentinel Lymph Node Dissection in Breast 
Cancer. 2005. 

[19] Seok JW, Choi YS, Chong S, Kwon GY, Chung 
YJ, Kim BG, Park SJ. Sentinel lymph node iden-
tification with radiopharmaceuticals in pa-
tients with breast cancer: a comparison of 
99mTc-tin colloid and 99mTc-phytate efficien-
cy. Breast Cancer Res Treat 2010; 122: 453-7.

[20] Xavier NL, Masiero PR, Spiro BL, Detanico MF, 
Pinto ALA, Almeida MJ de, Menke CH, Biazús 
JV. Comparação da linfocintilografia com dex-
trano 500 com a do fitato na pesquisa do lin-
fonodo sentinela no câncer de mama (Com-
parison of lymphoscintigraphy with dextran 
500 or phytate in sentinel lymph node biopsy 
in breast cancer). Rev Bras Ginecol Obstet. 
2005; 27.

[21] Delazeri GJ, Xavier NL, Menke CH, Bittelbrunn 
AC, Spiro BL, Mosmann MP, Graudenz MS. In-
jeção intraoperatória de dextran-500-99m_
tecnécio para identificação do linfonodo senti-
nela em câncer de mama (Intraoperative 
injection of dextran-500-99m_tecnécio for 
sentinel lymph node identification in breast 
cancer). Rev Bras Ginecol Obstet 2010; 32: 
486-90. 

[22] Aarsvold J, Alasraki N, Grant S. Sentinel Node 
Staging of Early Breast Cancer With Lymphos-
cintigraphy and an Intraoperative Gamma-De-
tecting Probe. In: Sandler MP, editor. Diagnos-
tic Nuclear Medicine. Fourth Edition. Lippincott 
Williams & Wilkins; 2002. pp. 1015-26. 

[23] Kuo YL, Yao WJ, Chang TW. Which hottest 
nodes can predict sentinel lymph node metas-
tasis in breast cancer? J Surg Res 2011; 168: 
231-6.

[24] Layeeque R, Kepple J, Henry-Tillman RS, Ad-
kins L, Kass R, Colvert M, Gibson R, Mancino 
A, Korourian S, Klimberg VS. Intraoperative 
Subareolar Radioisotope Injection for Immedi-
ate Sentinel Lymph Node Biopsy. Ann Surg 
2004; 239: 841-8.

[25] Gabriele G, Portela AP, Costa P, Barros M, Yo-
shimura A, Piato J, Barros A. Thirty One Cases 
of Radioguided Biopsies of Sentinel Lymph 
Nodes Located in the Internal Mammary 
Chain. 17th World Congress of Breast Diseas-
es 2010. 



Pre- and intraoperative 99mTc Dextran-500 in breast cancer

610 Am J Nucl Med Mol Imaging 2014;4(6):602-610

[26] Burak WE, Walker MJ, Yee LD, Kim JA, Saha S, 
Hinkle G, Olsen JO, Pozderac R, Farrar WB. 
Routine Preoperative Lymphoscintigraphy is 
not necessary prior to sentinel node biopy for 
breast cancer. Am J Surg 1999; 177: 445-9.

[27] Borgstein PJ, Pijpers R, Comans EF, van Diest 
PJ, Boom RP, Meijer S. Sentinel lymph node bi-
opsy in breast cancer: guidelines and pitfalls 
of lymphoscintigraphy and gamma probe de-
tection. J AM Coll Surg 1998; 186: 275-83 

[28] McMasters KM, Wong SL, Tuttle TM, Carlson 
DJ. Preoperative Lymphoscintigraphy for 
Breast Cancer Does Not Improve the Ability to 
Identify Axillary Sentinel Lymph Nodes. Ann 
Surg 2000; 231: 724-31. 

[29] Dutta R, Kluftinger A, MacLeod M, Kindrachuk 
G, Baliski C. Revisiting the “10% rule” in breast 
cancer sentinel lymph node biopsy: an ap-
proach to minimize the number of sentinel 
lymph nodes removed. Am J Surg 2012; 203: 
623-7. 

[30] Lyman GH, Giuliano AE, Somerfield MR, Ben-
son AB, Bodurka DC, Burstein HJ. American 
Society of Clinical Oncology guideline recom-
mendations for sentinel lymph node biopsy in 
early-stage breast cancer. J Clin Oncol 2005; 
23: 7703-20.

[31] Dauphine CE, Khalkhali I, Vargas MP, Isaac 
NM, Haukoos J, Vargas HI. Intraoperative injec-
tion of technetium-99m sulfur colloid is effec-
tive in the detection of sentinel lymph nodes in 
breast cancer. Am J Surg 2006; 192: 423-6.

[32] Vu HN, O’Connor PF, Shoemaker RR, Wan W, 
Fratkin MJ, Bear HD. Intraoperative injection of 
radiocolloid for sentinel node biopsy in breast 
cancer. J Nucl Med Technol 2013; 41: 263-7. 

[33] Stell VH, Flippo-Morton TS, Norton HJ, White 
RL. Effect of intraoperative radiocolloid injec-
tion on sentinel lymph node biopsy in patients 
with breast cancer. Ann Surg Oncol 2009; 16: 
2300-4. 

[34] Gray RJ, Pockaj BA, Roarke MC. Injection of 
(99m)Tc-labeled sulfur colloid the day before 
operation for breast cancer sentinel lymph 
node mapping is as successful as injection the 
day of operation. Am J Surg 2004; 188: 685-9. 


