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Abstract
Objective Radio-guided sentinel node (SN) biopsy is a standard method used in the treatment of early breast cancer. Single 
photon emission computed tomography with computed tomography (SPECT/CT) has been commonly used for SN detec-
tion. SPECT/CT adds precise anatomical information of SN sites, and it is reported that more SNs may be detectable on 
SPECT/CT than on planar imaging. We here investigate which breast cancer patients have benefited from SPECT/CT over 
planar imaging.
Methods A total of 273 breast cancer patients including 80 with ipsilateral breast tumor relapse (IBTR) underwent both 
multiple-view planar imaging and SPECT/CT for SN detection. The number of SNs, the patients who had benefitted from 
SPECT/CT, and the SN procedure failure rate were compared between SPECT/CT and planar imaging. Factors influencing 
the visualization of para-sternal and ipsilateral level II, III nodes, and contralateral axillary nodes were also analyzed using 
logistic regression analysis.
Results The number of hot spots did not differ between SPECT/CT and multiple-view planar imaging. Eight contaminated 
patients and 52 patients with visualized extra-level I axillary nodes benefited from identifying precise anatomical sites. Even 
though radioactive nodes could be harvested in most (192/193) of the non-IBTR patients (7/8 in non-SN visible patients), 
no radioactive nodes could be found during surgery in 11 of 80 IBTR patients. Axillary surgery (dissection) increased the 
visualization of para-sternal and level II, III axillary nodes, and previous irradiation increased the visualization of contralat-
eral axillary nodes.
Conclusion Multiple-view planar imaging was equivalent to SPECT/CT for depicting hot nodes for radio-guided SN detection 
in breast cancer. SPECT/CT was useful when precise anatomical information was necessary, especially regarding sentinel 
lymph nodes other than ipsilateral axilla. Logistic regression analysis revealed that axillary surgery (dissection) increased 
the visualization of para-sternal and level II, III axillary nodes, and the only relevant factor influencing visualization of 
contralateral axillary SNs was previous radiation to the breast.

Keywords Breast cancer · Radio-guided · Sentinel node detection · SPECT/CT · Planar scintigraphy · Contra-axilla 
visualization

Introduction

Radio-guided sentinel node (SN) biopsy is a standard 
method in the treatment of patients with early breast can-
cer [1–3]. Single photon emission computed tomography 

with computed tomography (SPECT/CT) has been used to 
detect hot nodes prior to surgery [4–9]. Recently, the EANM 
and SNMMI practice guideline for lymphoscintigraphy and 
sentinel node localization in breast cancer was published 
[10]. This states that the “current indication for SPECT/CT 
includes (1) non-visualization of SN on conventional planar 
imaging, (2) patient obesity, (3) the presence of extra-axil-
lary SNs or otherwise difficult-to-characterize drainage (e.g., 
multiple sites of drainage, visualization of internal mam-
mary node chain, intramammary lymph node, nodes in the 
contralateral axilla, or previous breast surgery). SPECT/CT 
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might also be performed if the conventional images are dif-
ficult to interpret (e.g., suspicion of contamination or a SN 
near the injection area)”.

SPECT/CT has the advantages of better sensitivity and 
precise anatomical information, using a hybrid SPECT/CT 
machine and image fusion technique, over planar scintigra-
phy [4]. However, taking SPECT/CT increases procedure 
time and related patient discomfort and delivers a small but 
non-negligible radiation dose [7]. No universal method for 
radio-guided SN detection using a radiocolloid and scin-
tigraphy currently exists [3, 10, 11]. However, re-injection 
of radiocolloid is reportedly more effective than the use 
of SPECT/CT [12]. We previously reported that taking 
multi-direction planar images improved the detection of 
SNs in breast cancer [13]. Patients who had been treated 
for ipsilateral breast cancer (ipsilateral breast tumor relapse; 
IBTR) were reported to frequently show unexpected extra-
axillary drainage [14, 15]. Therefore, a method to identify 
the patients who would benefit from receiving SPECT/CT 
is needed.

In the present study, we aimed to clarify the added value 
of SPECT/CT over planar imaging for breast SN detection 
in our routine practice, and to determine which patient types 
are appropriate candidates for undergoing SPECT/CT. We 
also investigated the factors influencing the visualization of 
extra-ipsilateral level I axillary nodes and contralateral axil-
lary nodes.

Materials and methods

Patients

Breast cancer patients who underwent breast surgery and 
SN detection with both multiple-view planar imaging and 
SPECT/CT from March 2015 to the end of August 2018 
were retrospectively enrolled in this study. The initial inclu-
sion criterion was that patients were randomly studied 
from March 2015 to October 2016. From November 2016, 
patients with ipsilateral breast surgery including IBTR, 
patients who were contaminated with radionuclide dur-
ing the procedure, patients whose sentinel nodes were not 
detected on planar scintigraphic images, and patients who 
showed unexpected hot spots on planar images were selec-
tively included in the study. Bilateral breast cancer patients 
were not included unless sequential imaging was performed 
[16]. The total number of patients was 273, including 80 
patients with IBTR. Table 1 summarized the reasons why 
SPECT/CT was performed. Table 2 summarized patients’ 
previous treatments including breast surgery, axillary sur-
gery, adjuvant therapy, and irradiation status of the IBTR 
patients.

This study was performed in accordance with ethical 
standards laid down in the 1964 Declaration of Helsinki and 
its later amendments and was approved by our local ethical 
committee. The need for informed consent was waived for 
this retrospective study.

Sentinel node detection procedure

The sentinel node detection was carried out using a 2-day 
protocol, which involves the injection performed on the 
afternoon of the day before the surgery and the scintigraphy 

Table 1  Reasons why SPECT/CT was performed

IBTR ipsilateral breast tumor relapse, PS para-sternal

Number of 
patients

No reason 148
Previous ipsilateral breast surgery 99
 IBTR 80
 Re-surgery for residual tumor 7
 Benign tumor 6
 Breast augmentation 6

Contamination 6
Non-visualization 9
Unexpected hot spot 11
 PS 7
 Contra-axilla 1
 Rotter 1
 intra-breast 2

Total 273

Table 2  Previous treatments for patients with ipsilateral breast tumor 
relapse

Number of 
patients

Breast surgery
 Partial 77
 Total 3

Axillary nodes
 No 15
 Sentinel node biopsy 52
 Axillary dissection 13

Adjuvant therapy
 No 45
 Hormone only 19
 Chemotherapy 16

Breast irradiation
 No 49
 Yes 31
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performed 1 h after the injection. Each patient received 
55.5 MBq in 1 ml of Tc-99m phytate delivered peritumor-
ally in each breast. The injection in each breast was given 
at four sites: two superficial and two deep injections [17]. 
One hour after the injection, planar images in 3 directions 
(anterior, 30° oblique, and 60° oblique views) were taken, 
and each scan time was 2 min with 512 × 512 matrices [13]. 
An additional lateral view was taken when no image was 
obtained on three views. The SPECT/CT study then fol-
lowed, with 10 s’ data collection for each step, with 45 steps 
for 180 degrees of collection (dual cameras) with 128 × 128 
matrices, and then, CT was performed to produce axial and 
coronal fusion images. Both planar imaging and SPECT/CT 
were performed using a Siemens Symbia Intevo16 (Siemens 
Healthcare) equipped with a low-energy high-resolution 
(LEHR) collimator.

Sentinel node biopsy (SNB) procedure

A dye technique was also used in the surgery. Just prior 
to surgery, 2 ml of indigocarmine was injected under the 
areola. During the breast surgery, sentinel nodes were har-
vested using the dye technique and a gamma probe (Neo-
probe, Devicor medical systems). The gamma count and 
extent of staining of each node were recorded. The harvested 
nodes were sent to the pathology unit, and rapid pathologic 
examination using frozen sections or a one-step nucleic acid 
amplification (OSNA) assay was performed during the sur-
gery. A permanent pathological examination using hema-
toxylin eosin staining was performed after surgery. After 
obtaining rapid pathology or OSNA results, the surgeons 
decided whether axillary dissection should be performed.

Analysis of data

The number of imaged hot nodes was compared between 
planar images and SPECT/CT images. When discrepancies 
existed, the surgical results were referred to. First, we judged 
the reproducibility or agreement between planar images and 
SPECT/CT using Wilcoxon rank sum test and Cohen’s κ 
values. Second, we selected the patients who were judged to 
have benefited from added SPECT/CT. Third, SNB failures 
(no hot node harvested during surgery) were investigated. A 
logistic regression analysis was performed with SNB failure 
as the dependent factor and previous breast surgery, previ-
ous axillary surgery, previous adjuvant therapy, and previous 
irradiation to the breast as independent factors. Fourth, the 
factors (previous breast surgery, previous axillary surgery, 
previous adjuvant therapy, and previous irradiation to the 
breast) influencing on the visualization of contralateral, and 
para-sternal and ipsilateral level II and III axillary senti-
nel nodes were explored using logistic regression analysis. 
Two analyses were conducted: one with para-sternal and 

ipsilateral level II and III node visualization as the dependent 
factors, and the other with contralateral axillary node visu-
alization as the dependent factor. In both analyses, previous 
breast surgery, previous axillary surgery, previous adjuvant 
therapy, and previous irradiation to the breast were used as 
independent factors.

Statistical analysis software (SPSS version 24; IBM 
Corp., Armonk, NY, USA) was used. A value of p < 0.05 
was considered to indicate statistical significance.

Results

Comparison of the number of axillary 
and extra‑axillary hot nodes between planar 
imaging and SPECT/CT

Table 3 summarized the hot node detectability of planar 
imaging and SPECT/CT. The number of axillary node 
hot spots detected was concordant in 267 of 273 patients. 
Five patients showed one more sentinel node on SPECT/
CT than on planar imaging, and one patient showed one 
more hot node on planar imaging than on SPECT/CT. In 

Table 3  Comparison in number of hot spots between planar images 
and SPECT/CT

CI confidence interval
a Using the number of detected nodes on planar images and SPECT/
CT, Cohen’ κ was calculated to evaluate the agreement between the 
two methods. There was an outstanding agreement between planar 
images and SPECT/CT
b SPECT/CT in this patient showed concordance with surgical results. 
In this patient, planar imaging showed 3 hot nodes and SPECT/CT 
showed 2 hot nodes. Two hot nodes were found during surgery
c In two patients SPECT/CT showed concordance with surgical 
results, in two patients planar imaging showed concordance with 
surgical results, and one patient could not be judged. Each patient 
showed one more hot node on SPECT/CT compared with planar 
images.

Detected nodes Number of 
patients

Cohen’s κa

Axillary nodes 0.967
95% CI 0.942–0.992

 Non-visualization 31
 Planar > SPECT/CT 1b

 Planar = SPECT/CT 236
 Planar < SPECT/CT 5c

Extra-axillary nodes 1
95% CI 1.00–1.00

 Non-visualization 241
 Planar > SPECT/CT 0
 Planar = SPECT/CT 32
 Planar < SPECT/CT 0
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the five patients who showed one more hot node on SPECT/
CT, the SPECT/CT results were concordant with the surgical 
results in two patients, planar results were concordant with 
the surgical results in two patients, and the concordance with 
the surgical results could not be judged in one patient. In 
the patient who showed one more hot node on planar imag-
ing, the SPECT/CT result was concordant with the surgical 
result. Figure 1 showed a case whose planar images picked 
up more nodes than SPECT/CT. Two hot spots on planar 
images could not be separated using SPECT/CT; however, 
the precise anatomical information (Rotter) was of help in 
performing the surgical procedure.

The number of extra-axillary hot nodes detected was 
concordant between planar imaging and SPECT/CT in all 
patients. Wilcoxon rank sum test showed no statistically sig-
nificant differences between multiple planar imaging and 
SPECT/CT in the detection of either axillary (p = 0.102) 
or extra-axillary (p = 1.00) hot nodes. To investigate the 

concordance or agreement, the Cohen’s kappa (κ) coef-
ficient was calculated as 0.967 [95% confidence interval 
(CI) 0.942–0.992] for axillary nodes and 1.00 (95% CI 
1.00–1.00) for extra-axillary nodes. These figures were in 
perfect agreement.

Patients for whom SPECT/CT added useful 
information

Table 4 summarized the patients for whom SPECT/CT 
added useful information over planar imaging. In eight 
patients who were contaminated during the injection proce-
dure, the radioactivity contamination was clearly differenti-
ated from true hot nodes. In 52 patients, anatomical infor-
mation obtained from the SPECT/CT was helpful to search 
for hot nodes, especially nodes other than level I. Figure 2 
illustrated a case who showed contralateral axilla nodes and 
para-sternal node, all of which were clearly imaged by both 

A-1 A-2

C-1 C-2

P-1

P-2

P-3

Fig. 1  A 42-year-old woman received radio-guided sentinel node 
(SN) detection on both planar images and SPECT/CT images the day 
before left breast surgery for breast cancer. She had received ipsilat-
eral breast surgery for breast cancer 3 years before; total mastectomy, 
SN biopsy followed by adjuvant tamoxifen therapy. Left breast recur-
rent tumor was diagnosed, and left breast re-surgery was planned. 
Planar images (P-1: anterior view, P-2: left anterior oblique, 30°, and 
P-3: left anterior oblique, 60°) and SPECT/CT (A-1,2: axial fusion 

images, C-1,2: coronal fusion images) had been shown. Planar image 
(P-1) illustrated contralateral axilla and ipsilateral axilla. SPECT/
CT images clearly specified level I contralateral axilla and ipsilateral 
level II axilla (Rotter). On surgery, both lymph nodes were harvested 
and revealed to have cancer metastasis. Despite adjuvant hormone 
therapy after re-surgery, she developed local, lymph node, and distant 
metastasis 2 years later
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planar images and SPECT/CT. SPECT/CT added precise 
anatomical information.

Radio‑guided SN detection and SNB failure

Table 5 summarized the radio-guided SNB procedure fail-
ures, in which no hot node was harvested during surgery. 

Nine of the non-IBTR patients showed non-visualization 
of a hot node on both planar imaging and SPECT/CT. 
However, hot nodes were detected using a gamma probe 
during surgery in 8 of these 9 patients, with only 1 patient 
showing no hot node.

Nine of the IBTR patients showed non-visualization of 
a hot node on both planar imaging and SPECT/CT, and 
hot nodes were undetectable during surgery in 8 of them. 
Moreover, hot nodes were not harvested in 2 of 3 patients 
who showed only a para-sternal node on imaging, and 1 
of 9 patients who showed only contralateral axillary nodes 
on imaging. In total, 11 of the 80 IBTR patients showed 
radio-guided SNB failure (13.8%). The percentage of 
SNB failures was much higher for IBTR than non-IBTR 
patients.

Table 6 showed the results of logistic regression analy-
sis using SNB failure as the dependent factor. In univariate 
analysis, all independent factors had a statistically sig-
nificant influence on SNB failure. However, multivariate 
analysis results showed that only previous radiation to the 
breast was a significant factor for increased risk of SNB 
failure.

Table 4  SPECT/CT added useful information over planar imaging

IBTR ipsilateral breast tumor relapse

Reason Number of 
patients

IBTR Non-IBTR

Contamination 8 2 6
Site (anatomical information)
 Level II 11 6 5
 Rotter 6 3 3
 Level III 2 2 0
 Para-sternal 14 6 8
 Contra-axilla 17 16 1
 Intra-breast 2 1 1
 Total of sites 52

P-2 

P-1 

P-3 

A-1 A-2 

A-3 C-1 

C-2 

Fig. 2  A 57-year-old woman received radio-guided sentinel node 
(SN) detection on both planar images and SPECT/CT images the 
day before left breast surgery for breast cancer. She had a long his-
tory, with right breast surgery (lumpectomy and axillary dissection) 
at 38 years of age, and left breast surgery (lumpectomy and axillary 
dissection) at 41 years of age. She developed new left breast cancer 
at 57 years of age. Planar images (P-1: anterior view, P-2: left ante-
rior oblique, 30°, and P-3: left anterior oblique, 60°) and SPECT/CT 

(A-1,2,3: axial fusion images, C-1,2: coronal fusion images) had been 
shown. Planar image (P-1) illustrated two ipsilateral axillary nodes 
and two para-sternal nodes. SPECT/CT images specified one level II 
(Rotter) axillary node (A-1, C-1) and two para-sternal nodes (A-2,3, 
C-2). Left total mastectomy was performed and two Rotter nodes 
were harvested at surgery without cancer metastasis. Para-sternal 
nodes were not manipulated. She received adjuvant chemotherapy 
after surgery, and has remained without recurrence for 1 year
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Factors influencing contralateral sentinel node 
visualization

The factors influencing contralateral axillary node and para-
sternal node visualization were investigated using univari-
ate and multivariate logistic regression analysis, as shown 
in Table 7 (dependent variable: para-sternal and ipsilateral 
level II and III node visualization) and Table 8 (dependent 
variable: contralateral node visualization). Table 6 showed 
that previous axillary surgery increased the odds [axillary 
dissection; 23.154 (95% CI 3.844–139.466)] of visualizing 

para-sternal and ipsilateral level II and III nodes, and previ-
ous irradiation to the breast decreased the odds [previous 
breast radiation; 0.158 (95% CI 0.031–0.807)]. Regarding 
contralateral node visualization (Table 7), breast surgery, 
axillary surgery, adjuvant therapy, and irradiation were sig-
nificant factors according to the univariate analysis. How-
ever, only previous irradiation to the breast was a statisti-
cally significant factor by multivariate analysis. The odds 
for previous irradiation to the breast was 65.608 (95% CI 
17.171–250.682). These results indicate that previous axil-
lary surgery (dissection) may have increased the non-level I 
axillary node visualization; however, previous irradiation to 
the breast was the only factor that increased the visualization 
of contralateral axillary nodes.

Discussion

Breast cancer is the most common malignancy in women. 
Lymph node status is of importance for determining prog-
nosis. Regional staging was previously based on regional 
lymph node dissection and histopathological assessment. 
This method was accompanied by high risks of lymphedema, 
infections, impairment of sensitivity, and morbidity. In 
recent years, SNB has been considered the gold standard. 
This minimally invasive method evaluates the regional 
draining basins originating from primary tumor sites. If the 
SN does not contain metastasis, the remaining nodes have a 
negligible chance of having malignant cells. The technique 
begins with planar scintigraphy. SPECT/CT has been used 
to improve the detection of hot nodes and obtain precise 

Table 5  Sentinel node biopsy (SNB) failure

IBTR ipsilateral breast tumor relapse
a The percentage of SNB failures between non-IBTR and IBTR 
showed p < 0.001 by Fisher’s exact test
b The percentage of true failures should be low because SPECT/CT 
was performed in only a very small portion of all non-IBTR patients 
during the period

Imaged nodes Num-
ber of 
patients

Hot node 
undetectable on 
surgery

SNB failure %a

Non-IBTR
 No image 9 1 0.5% (1/193)b

IBTR
 No image 9 8
 Only para-sternal 

node
3 2 13.8% (11/80)

 Only contra-axillary 
node

9 1

Table 6  Results of the logistic 
regression analysis for SNB 
failure

Logistic regression analysis was performed with SNB failure as a dependent variable
CI confidence interval, NS not significant
a Multivariate analysis was performed with a forward stepwise method with a likelihood ratio

Previous Number 
of patients

Univariate Multivariate (forward stepwise)a

p value Odds Odds (95% CI) p value Odds Odds (95% CI)

Breast surgery
 No (base) 174
 Yes 99 0.002 23.862 3.053–186.510 0.074 7.985 0.816–78.146

Axillary node procedure
 No (base) 208
 Sentinel node 52 0.003 8.913 1.438–6.827 NS
 Axillary dissection 13 < 0.001 30.37 5.897–156.413

Adjuvant therapy
 No (base) 234 NS
 Hormone therapy 20 0.167 3.139 0.620–15.895
 Chemotherapy 19 0.021 5.297 1.280–21.924

Breast radiation
 No (base) 242 NS
 Yes 31 < 0.001 24.341 6.931–85.483 0.002 8.864 2.201–35.700
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anatomical information prior to surgery. Therefore, we 
aimed to clarify the added value of SPECT/CT over planar 
imaging for breast SN detection in our routine practice, and 
to determine which kinds of patient are appropriate candi-
dates for undergoing SPECT/CT. We also investigated the 
factors influencing the visualization of extra-ipsilateral level 
I axillary nodes and contralateral axillary nodes.

Contrary to the reported results [4–9], we did not find a 
difference in the number of hot nodes identified using pla-
nar imaging and SPECT/CT. There were no patients whose 
SNs were visualized only on SPECT/CT and not on planar 
images. Even though the actual reasons for this discrepancy 
could not be determined, we speculated that the following 
could be responsible: (1) the radiocolloid was 99mTc-phytate, 

Table 7  Results of the 
logistic regression analysis 
for para-sternal and ipsilateral 
level II and III axillary node 
visualization

Logistic regression analysis was performed with para-sternal and ipsilateral level II and III axillary node 
visualization as a dependent variable
CI confidence interval, NS not significant
a Multivariate analysis was performed with a forward stepwise method with a likelihood ratio

Previous Number 
of patients

Univariate Multivariate (forward stepwise)a

p value Odds Odds (95% CI) p value Odds Odds (95% CI)

Breast surgery
 No (base) 174 NS
 Yes 99 0.004 2.821 1.402–5.677

Axillary node procedure
 No (base) 208
 Sentinel node 52 0.004 3.133 1.438–6.827 < 0.001 4.366 1.932–9866
 Axillary dissection 13 0.004 5.875 1.754–19.676 0.001 23.154 3.844–139.466

Adjuvant therapy
 No (base) 234 NS
 Hormone therapy 20 0.035 3.03 1.079–8.506
 Chemotherapy 19 0.669 1.325 0.364–4.829

Breast radiation
 No (base) 242 NS
 Yes 31 0.862 0.906 0.298–2.753 0.027 0.158 0.031–0.807

Table 8  Results of the logistic 
regression analysis for contra-
axillary visualization

Logistic regression analysis was performed with contra-axillary node visualization as a dependent variable
CI confidence interval, NS not significant
a Multivariate analysis was performed with a forward stepwise methods with a likelihood ratio

Previous Num-
ber of 
patients

Univariate Multivariate (forward stepwise)a

p value Odds Odds (95% CI) p value Odds Odds (95% CI)

Breast surgery
 No (base) 174 NS
 Yes 99 0.001 33.349 4.349–255.751

Axillary node procedure
 No (base) 208
 Sentinel node 52 0.001 10.63 2.646–42.696 NS
 Axillary  dissection 13 < 0.001 79.755 16.463–386.05

Adjuvant therapy
 No (base) 234 NS
 Hormone therapy 20 < 0.001 13.898 4.117–46.919
 Chemotherapy 19 0.002 8.648 2.276–32.86

Breast radiation
 No (base) 242
 Yes 31 < 0.001 65.608 17.171–250.682 < 0.001 65.608 17.171–250.682
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(2) the injection sites including both superficial and deep 
sites, and (3) multiple-view (3–4) planar imaging was 
employed in each patient. 99mTc-phytate is a unique col-
loid with small particles (8 nm) pre-injection, with colloid 
formation (100–200 nm) beginning after administration 
with exposure to calcium in the blood [18]. We previously 
reported that different injection sites resulted in different 
visualization of SNs [17]. The combination of both super-
ficial and deep injection sites may have contributed to our 
result. The use of multiple-direction views may also have 
contributed to our result, as hot nodes that may have been 
hidden in one view may be shown in another [13].

In most patients other than those with IBTR, hot nodes 
could be harvested during surgery, even though SNs were 
not visible on both planar imaging and SPECT/CT. How-
ever, in patients with IBTR and showing no SN visualiza-
tion, radioactive nodes were often not found during surgery. 
The results are concordant with previous findings [15]. 
Improved methods, for example, re-injection [7] might be 
needed in patients with IBTR.

By obtaining precise anatomical information from hybrid 
SPECT/CT, the patients who were contaminated with radio-
nuclide could be clearly judged on SPECT/CT (especially 
fusion images). In cases of extra-axillary hot spots, precise 
anatomical information from the SPECT/CT fusion images 
provided useful information for the surgeons. Such infor-
mation can help surgeons make a better surgical plan. Our 
logistic regression analysis (Table 6) showed that previous 
radiation to the breast increased the risk of failure. This 
may indicate that the reduced elasticity of lymphatic ves-
sels by previous radiation caused reduced lymphatic flow 
and resulted in SNB failure.

SPECT/CT increases procedure time with related patient 
discomfort and delivers a small but non-negligible radiation 
dose. Therefore, we now add SPECT/CT when contamina-
tion is suspected on planar imaging, unexpected (extra-level 
I axillary) nodes are suspected on planar imaging, and for 
IBTR patients. We also used logistic regression analysis 
to study the factors that may be relevant to para-sternal 
and ipsilateral level II and III node visualization and con-
tralateral axillary. Axillary surgery (dissection) increased 
the visualization of para-sternal and ipsilateral level II, III 
axillary nodes (Table 7), and previous irradiation increased 
the visualization of contralateral axillary nodes (Table 8). 
We speculate that axillary surgery (dissection) influenced 
or increased the lymphatic flow other than level I axilla; 
however, previous radiation to the breast was the only fac-
tor that increased the odds of visualization of contralateral 
axillary nodes.

The major drawback of the present investigation was that 
it was a retrospective single center study. Therefore, in the 
respect that we did not find a difference in the number of hot 
nodes between planar imaging with multiple projections and 

SPECT/CT, the interpretation of logistic regression analysis 
must await further judgment. The numbers of events were 
not sufficient; therefore, in the logistic regression analysis, 
we investigated only four independent factors. The results 
may change when a larger number of patients is investigated.

Conclusions

We compared radio-guided SN detection between multi-
ple-view planar imaging and SPECT/CT in breast cancer 
patients. The number of SNs detected did not differ between 
the two methods. The precise anatomical information 
obtained by SPECT/CT was useful in contaminated patients 
and for SNs other than level I nodes. The logistic regression 
analysis revealed that previous axillary dissection increased 
the visualization of para-sternal nodes and level II, III axil-
lary nodes, and previous radiation to the breast increased the 
visualization of contralateral axillary nodes.
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