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m-99m methoxyisobutyl 
n of the breast lesions 
 mammography (XRM), 

RI) has not been fully 
 study, with suspicious 
odalities or clinically. All 
tion of breast lesions. All 
 underwent fine needle 
 mastectomy or partial 
sults showed that 99mTc-
MRI 13 of 16 malignant 

vely. Among these cases 
 of 11 on US, 11 of 13 on 

alities were 86%, 87%, 

detection of axillary lymph node metastases were 55%, 55%, 11% and 77% for SM, US, 
and specificity of SM for the palpable 

lesions (n=31) were 100% and 84% and for the nonpalpable lesions (n=15) were 75% 
, respectively. In conclusion, although the number of patients studied was small 
pinion of the authors that 99mTc-MIBI-SM has a much better sensitivity and less 

r 3 modalities and also 
an be included in the 
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blems of women. Its 
g during the last 40 
cancer in women in 
atin America [1]. One 
life time and in some 
urate diagnosis of the 
 the disease. For this 

rformed using X-rays 
howed that there is a 
years of age, and in 

ality is detected [4-
enough in patients 

aluation 
st surgery or radiotherapy. Additionally, its specifity is not 

high in order to discriminate between benign and malignant masses. Biopsies 
performed according to XRM findings, frequently give false negative (FN) 
results. In some developed countries, every 1 in 4 women undergoes surgical 
biopsy for the clarification of suspicious breast lesions [1]. Unnecessary 
biopsies evoke anxiety and stress in women and biopsy scars may cause FP 
results in XRM. For this reason, in order to increase the specificity of XRM, 
other imaging modalities are applied, like ultrasound (US), color Doppler US,  
computerized tomography (CT), magnetic resonanse imaging (MRI) and 
nuclear medicine techniques.  

In this study we aimed to assess the efficacy of technetium-99m 
methoxyisobutyl isonitrile scintigraphy (99mTc-MIBI-SM) in the detection of 
benign or malignant breast lesions.  
 

 

stratios Moralidis , MD, 1

Tryfon Spyridonidis 2,, M

Georgios A

4Vassilios Skeberis , MD, , 

 

Abstract 
This study was performed because the efficacy of technetiu
isonitrile scintimammography (99mTc-MIBI-SM) in the evaluatio
and axillary lymph node involvement in comparison with X-rays
ultrasonography (US) and magnetic resonance imaging (M
investigated. Forty six female patients were included in this
lesions detected in their breasts by palpation, by imaging m
patients underwent 99mTc-MIBI-SM, US and MRI for the evalua
patients according to clinical situation and imaging studies
aspiration, mass extirpation, core biopsy, modified radical
lumpectomy in order to confirm the nature of the lesions. Our re
MIBI-SM detected 15 of 16, US 11 of 16, XRM 13 of 16 and 
lesions. Sensitivities were 93%, 68%, 81% and 81%, respecti
there were 4 of 15 false positive (FP) results on SM whereas 4
XRM and 8 of 13 on MRI. The specificities of the above mod
63% and 73%, respectively. The sensitivities of the above imaging modalities for the 
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XRM and MRI, respectively. The sensitivity 

and 90%
it is the o
FP results in detecting malignant breast lesions than the othe
better sensitivity than XRM and MRI. Thus 99mTc-MIBI-SM c
diagnostic algorithms for detecting malignancy in breast tumors.
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Introduction 
Breast cancer (BC) is one of the leading health pro
incidence in European countries is steadily increasin
years. It is the most frequently encountered type of 
Europe, Australia, North America and in a great part of L
in 12 women is in the risk of developing BC during her 
countries this ratio rises up to 1 in 8 [2, 3]. Early and acc
disease has an impact on prognosis and the outcome of
reason in most countries screening programs are pe
mammography (XRM). Randomized controlled studies s
17% decrease in mortality in women between 40-49 
women over 50 years of age a 25%-30% decrease in mort
7]. Although XRM has a high specificity, it is not reliable 
with dense breasts, dysplastic diseases, breast implants, or in the ev
of patients after brea
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Patients and methods 
Forty six patients aged 46.10±13.31yr (range
were enrolled in this study. In these patients s
lesions were detected in their breasts cli
palpation or by imaging modalities. All patients un
physical examinatio 99m
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opposite breast was behi
specially designed lead shield and compressed on
couch. We didn’t use a special matress for this pur
(Fig. 1). All projections were taken for 10min i
256x256 matrix with a LEGP collimator. Semiquantit
analysis of the lesions was done by calculatin the c
ratios obtained from the counts of the ROI dra n ar

ned
n

normal breast p

82yr) 
cious 
, by 
went 
 MRI 
efore 

 MRI 
any) 
bles 

rmed 
o  

n and then Tc-MIBI-SM, X
and breast US examinations during the two wee
biopsy or operation. 

The MRI images were obtained with a 1
(Magnetom Vision Plus; Siemens, Erlangen, 
by using dedicated breast coil which 
visualization of both breasts. Imaging was p
before and immediately after intravenous (i.v.) i
gadolinium-DTPA (0.2mg/kg) and then seria
were obtained with T1-weighted spin-echo
gradient-spin-echo sequences. Nineteen sli
with a thickness of 5mm were obtained. Post g
quantitative analysis was performed with an autom
regions of interest (ROI) method. All patients u
bilateral XRM of both breasts. Ultrasound exam
the breasts having lesion was performed with
probe (Toshiba XG Aplio, 2006 Italy). The 99m

used was prepared and quality controlled ac
the instructions of the manufacturer (Monro
Each patient was i.v. injected with 925MBq of 
into the contralateral to the lesion pedal t
catheter, so that if the lesions were bilateral, to
findings resulting from lymph nodes uptake
possibly extravasated radiopharma- ceutical. B
after the injection of 99mTc-MIBI, the catheter w
with saline to eliminate any possible extravas
ensure the complete infusion of the tracer. Imag
was performed in our department, with a sin
single photon emission tomography (SPET
equipped with low-energy, general purpose 
(LEGP), ADAC, USA in our department. Starti
after the injection of 99mTc-MIBI, lateral and the
images of both breasts were obtained. Ima
undertaken with the patient lying prone with
resting on her arms. In order to prevent t
through” phenomenon, the breast to be im
freely pendent , while the 

f

 
 and 
shed 
 and 

d  y
d 

mera 
ator 

0min 
erior 
was 

head 
hine 
was 

nd a 
 the 

pose 
n a 

ative 
ount 

ound 
 from 
ding 

g 
w 

the lesions, to the background (bg) counts obtai
ROI of equal number of pixels drawn at the surrou

arenchyma.  
 

 
Figure 1. The patient lying prone on the couch and the left 
breast is freely pendent , while the opposite breast was 
compressed on the couch.   

 
When a lesion, irregular and dense or having 

microcalcifications on the XRM was detected, it was 
evaluated as: suspicious, probably malignant or 
malignant. The rest of the lesions were categorized as: 
normal, benign or probably benign. 

 according to a) the 
s: no uptake, low, 
 configuration of the 
 dynamics of contrast 
 maximum at the first 
ake with a constant 
ntrast wash-out after 
According to these 

normal, probably 
alignant. The lesions 
 as: benign cystic, 

d probably malignant 
he lesions was done 

visually which showed increased uptake 
compared to the surrounding breast parenchyma were 
regarded as positive and the rest of the lesions as 
negative on the 99mTc-MIBI-SM (Fig. 2).  

 

The MRI images were graded
intensity of gadolinium uptake a
moderate and high uptake, b) the
lesion that shows uptake and c) the
uptake: rapid uptake that reaches to
post-contrast images and slow upt
increase in signal intensity and co
the early post-contrast images. 
criteria, the lesions were classified as 
benign, suspicious and probably m
after the US test were classified
normal, solid probably benign, soli
and malignant. The evaluation of t

. The lesions 

 

 
Figure 2. Pathologically increased 99mT
lesion at left lower quadrant of left 

c-MIBI uptake in a mass 
breast (arrow) in a patient 

lation of 99mTc-MIBI at 
 metastatic invasion of 

ymph node 

y two nuclear 
XRM, MRI and 

d radiologist (H.D.) 
leted, patients 

interventions chosen 
 patient and 

tion, mass extirpation, 
stectomy or partial 
 palpable lesions but 

findings on XMR, US, MRI and 99mTc-MIBI-SM were 
e of benign disease, and the patients didn’t 

y further intervention.  
onfirmed histopatho -
maging studies were 

scored as: suspicious, probably malignant or malignant, 
and 99mTc-MIBI-SM was reported as positive, the findings 
were described as true positive (TP). If cancer was ruled 
out histopathologically and US, MRI, and XRM imaging 
studies was scored as normal, probably benign, or 
benign, and 99mTc-MIBI-SM was reported as negative, 
findings were interpreted as true negative (TN). 
 

Statistical analysis   

Statistical analysis comparing the average count ratios of 
the tumor/bg region of interest (ROI) of the malignant 

with invasive ductal carcinoma. Accumu
left axillary region was consistent with
lymph nodes (arrow head).  

 
Axillary regions were evaluated for l

metastases by all imaging modalities.  
Imaging findings were reported b

medicine physicians (T.O. and F.O.) and 
US were reported by an experience

After imaging studies were comp
underwent one of the surgical 
according to the clinical situation of the
imaging findings: fine needle aspira
core biopsy, modified radical ma
lumpectomy. In 3 cases, there were

suggestiv
undergo an

In cases in which cancer was c
logically and US, MRI, and XRM i
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tumors to the same average of the benign tu
calculated by Levene’s test [8] and Students 
this purpose semicircular background ROIs w
over the breast parenchyme surrounding the le
evaluation of the accuracy of the imaging tech
the sensitivity was defined as the ratio of the 
TP to the sum of TP and FN cases, b) the spe
defined as the ratio of the number of TN to the 
and FP cases, c) the positive predictive value (
defined as the ratio of 

mors
t-test.
ere dr
sions
nique
numb
cificity
sum o
PPV)

the TP tests to the sum of th
and false positives (FP) and d) the negative predi

ed as the ratio of the TN to e 

dy protocol was approved by the Ethics 
e of Okmeydanı Hospital. Each patient gave 

ion in the 

 and 
confir
ons in 2    

SM and XRM. Twelve of the 16 malignant lesions were 
palpable. Technetium-99m-MIBI-SM detected 15 of 16 
malignant lesions, US detected 11, XRM 13 and MRI 
detected 13 of the 16 lesions. The sensitivities of the 

modalities were 93%, 68%, 81% and 81%, 

 showed FN results 
al carcinoma, while 

 as malignant by US 

ose histopathologies 
ble, and nonpalpable 
ese cases there were 
XRM and 8 on MRI. 

 modalities were 86%, 
87%, 63% and 73%, respectively. Detailed findings for 

dalities examined, the 
 are described in Table 

 
Table 1. Comparison of the diagnostic accuracies of the 
imaging modalities  

 was 

her written, informed consent, before participat
study. 

Results 

In our 46 patients there were 31 palpable
nonpalpable lesions. Malignancy was 
histopathologically in 16 of 46 and benign lesi

above 
 For 
awn 
. For 
s, a

respectively (Table 1).  
Tecnhetium-99m-MIBI and XRM

in only one case with invasive duct
) 

er of 
 was 
f TN

this case was interpreted correctly
and MRI. 

In 3 out of the 30 patients wh
 

 was 
e TP 
ctive 
 th

were benign, the lesions were palpa
in the rest of the patients. Among th
4 FP results on SM, 4 on US, 11 on 

Thus, specificities of the above
value (NPV) was defin
sum of the TN and FN cases. 
 

Ethical approval 

every patient with all imaging mo
biopsy and histopathology findings
2. 

The stu
Committe

 

15 
me  d

7
of the 46 patients. In 3 patients lesions were accepted as 
benign depending on findings on US, MRI, 99mTc-MIBI-

PPV: Positive predictive value; NPV: Negative predictive value  
 

Table 2. Results of 99mTc-MIBI scintimammography (SM), ultrasonography (US), X-rays mammography (XRM) and 
magnetic resonance imaging (MRI) studies in patients evaluated for breast lesions. 

SPB: Solid probably benign, M: Malignant, PM: Probably malignant, SPM: Solid probably malignant, S: Suspicious, PB: Probably benign, 
BC: Benign cystic, FNAB: Fine needle aspiration biopsy, MRM: Modified radical mastectomy, T/B: Tumor/Background uptake ratio, pos: 
positive, neg: negative 
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 Sensitivity, specificity PPV and NPV of a
moda

ll stu
lities for the 31 palpable lesions are shown in Table 

3. 

 Table 3. accuracies of the
imag d s in alp le  

tive va

all stu
le les

he average of the ratios of the counts obtained from 
and at the bg in the 

nts with positive SM was 2.41±1.03, (1.3-
on nd 1.26±0.36 (0.86-1.7) for

ons. he dif erence bet een the er  o
the  

e diagnostic accuracies of the 
imaging modalities in 15 n palpable lesions. 

 

 

 

 

 

e; NPV: Negative predictive value 

gnificant (P=0,046 
 and 6 show the T/B 

 tumors.  
e imaging modalities for 

lymph node metastases. In 9 out of 16 patients with 
malignant diseases, metastases in axillary lymph nodes 
were detected. The sensitivities of the imaging modalities 
for the detection of these metastases were 55%, 55%, 
1 n % for SM, US, XRM and MRI, respectively. 
 

 

athology: IDC IDC IDC IDC  IDC IDC IDC 

died Table 4. Comparison of th

Comparison of the diagnostic  
ing mo alitie 31 p able sions 

 
PPV: Positive predictive value; NPV: Negative predic

 
Sensitivity, specificity, PPV and NPV of 
modalities for the 15 patients with non palpab
are shown in Table 4. 

T
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died 
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groups were found to be statistically si
in 95% confidence interval). Table 5

count ratios in malignant and benign
Both axillae were evaluated by th

the ROI drawn around the lesions 
group of patie
5.05) for mali
benign lesi

gnant les
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PPV: Positive predictive valu

1% a d 77

Table 5. T/B count ratios in malignant tumors  
  

Histop IDC IDC 
IDC 
& 

ILC 
IDC IDC IDC IDC IDC

T 2.17 2.07 1.57  1.67 1.4 1.8 /B: 1.67  3.28 5.05 3.06 1.91 1.3 3.6 3.07 2.6

 
 Invas uctal cancer; ILC: Invasive lob ancer; T

 
unt ratios in benign tumors 

Gr

ma
ma

IDC: ive d ular c /B: Tumor/Background uptake ratio 

Table 6. T/B co
 

Histopa 
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cystic 
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e 

Fibroadenom
a 
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stitis 

T/B: 1.4 1.1 1.7 0.86 

 
Discussion 
In our study sensitivity of SM in detecting 
breast lesions was found 93%. Similar results
94% were reported in the literatur
Scintimammography was more sensitive than 
three modalities. The sensitivity and specificity
by SM for the detection of malignancy palpab
was 100 nd 84% while others found 97% a

malig
 of 78
e [9

the 
 we f
le les

% a nd 84%, 
respectively [13]. For non-palpable lesions, SM had a 
sensitivity and specificity of 75% and 90%, respectively. 
Thus SM was found to be, more sensitive for palpable 
malignant and more specific for non-palpable malignant 
lesions.  

It is known that histologically hypercellular types of 
fibroadenomas may show focal 99mTc-MIBI uptake. There 
are few papers in the literature reporting 99mTc-MIBI 
uptake in abscesses [16] as in our case of 
granulamatous mastitis. Thus infectious diseases should 
also be considered in the differential diagnosis of cases 
of increased 99mTc-MIBI uptake. The pattern of the uptake 

rogenous, while in 
rs showed that 99mTc-

usual-type ductal 
 metaplasia does not 
ion index (Ki-67) and 
 (ERs) so it could not 
ity of these lesions to 
ctal carcinoma in situ 

 the SM was higher 
is clinically important 

ns of XRM is its 
 and as a result fine 
 performed. Although 
 biopsy, which may 
xcisional biopsy, they 

nosis of cancer and 
other hand 

excisional biopsies may expose the patient to the risk of 
surgical interventions, high morbidity and high costs. In 
that context, complementary techniques like SM that is 
suggested in our study would increase the specificity of 
XRM. In the literature it is reported that the specificity of 
SM in detecting BC is 69%-85.4% whereas for XRM is 
42%-56% [11, 13, 18].  

Others reported that, SM in 41% of the  cases 
decreased futile biopsies which were performed after 
depending on the XRM results [19] In our study, SM was 
TN in 8 of 11 patients who had FP results in XRM and 
thus decreased the futile biopsies in these 8/11 cases. 

nant 
.1%

in infections is diffuse or hete
malignant diseases it is focal. Othe
MIBI uptake in benign lesions like 
epithelial hyperplasia and apocrine
seem to be related to cell proliferat
the presence of estrogen receptors
be a useful indicator of the probabil
progress to atypical hyperplasia, du
or invasive tumors [17]. 

 In our study the specificity of
than in XRM (86% vs 63%). This 
because one of the major limitatio
relatively lower specificity and PPV

-
-15]. 

other 
ound 
ions 

needle aspiration biopsy (FNAB) is
FNAB and also stereotactic core
follow are not so invasive as is e
may be insufficient for the early diag
sampling errors may also occur. On the 

 SM US XRM MRI 

Sen y 5 50% 50% 100% sitivit  7 % 

Specificity 90% 90% 57% 

PPV 75% 66% 66% 100% 

00% 72% 

90% 

NPV 90% 83% 1

 SM US MRI XRM 

Sensitivity 100% 66% 75% 

ificity 84% 84  73% 

64% 

% 

91% 

Spec   % 47%

PPV 80% 72% 52% 

NPV 100% 80% 90% 82
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According to our results the PPV for XRM was 54%
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SM with a high-resolution dedicated b
camera (DBC) has been shown to have higher sensitivity 
in the detection of BC, in comparison to planar SM 
acquired with a conventional gamma camera, even when 
the lesions are small in size [35, 36]. 

Technetium-99m-MIBI-SM was also found useful for 
the monitoring of tumour response to neoadjuvant 
chemotherapy, with an efficacy comparable to that of 18F-
FDG PET [37]. 

A higher number of patients studied, semiquantitative 
analysis, and more specific criteria than focal uptake as a 
sign for malignancy would increase the specificity of the 
SM technique.  

s that 99mTc-MIBI SM 
 malignancy in breast 
M. In palpable breast 
0%. Thus, SM can be 

specially in 
nse breast tissue etc. Conversely, 

Tc-MIBI-SM was not quite sensitive for the detection of 
ary lymph node metastases.  

miology, etiology, and 
Breast Diseases .JB 

2. 
y detection 

 6: 541-8. 
y LA, Verbeek AL. 

sus cumulative risk. J 
596-600. 
g and mortality from: the 

 Med 1988; 297: 943-

l. Randomized study of 
report on mortality in the 
t 1991; 18: 49-56.   
 The Canadian National 
ci J 1992; 147: 1459-88. 

Current results of the breast cancer screening 
e Plan (HIP) of Greater 

Screening for 
-15.  

equality of variances". in 
ntributions to Probability 

arold Hotelling. Stanford 

ss of 99mTc-
gnosis of breast cancer: 
s as the gold standard. 

A et al. 99mTc-sestamibi 
 patients : factors that 
 1999; 20: 1113-21. 

et al. 99mTc-
ble and nonpalpable 

1. 

 scintimammography in 
inary method. Ann Nucl 

et al. 99mTc-sestamibi 
 of breast lesions and 
th mammography and 
ommun 1999; 20: 317-

99mTc-sestamibi scinti-  
imaging. Cancer Biother 

ammography and 99mTc-
ected breast cancer. J 

ake in breast abscess: a case 
report. Kaku Igaku, 1999; 36: 237-40. 
17. Papantoniou V, Koutsikos J, Bendi M et al. Scintimam-
mographic findings with 99mTc-(V)DMSA and 99mTc-MIBI in usual-
type ductal epithelial hyperplasia (HUT) and apocrine 
metaplasia (AM) of the breast, in relation with the cell 
proliferation index (Ki-67) and the presence of estrogen 
receptors (Ers). Breast Cancer Res 2004; 6(Suppl): 16. 
18. Palmedo H, Biersack HJ, Lastoria S et al. 
Scintimammography with 99mTc-sestamibi : results of a 
prospective European multicenter trial. Eur J Nucl Med 1998; 
25: 375-85. 
19. Uriarte I, Carril JM, Quirce R et al. Organization of X-ray 
mammography and 99mTc-sestamibi in the diagnosis of non-
palpable breast lesions Eur J Nucl Med 1998; 25: 491-6. 

 and 

derly 
, FN 
asts, 
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In conclusion, our study show
has a sensitivity of 93% in detecting
lesions better than MRI, US and XR
tumors the sensitivity of SM was 10
applied as a better alternative to XRM e
specific cases like de
99m

for SM 78%.  
Nevertheless, XRM has a high sensitivity 

womens’ breasts, rich of fat tissue. In some stu
25%-45% were reported principally in dense 

ysplastic disease, breast implants, or in
evaluated after operation or radiation treatment [

The MRI examination is known to be 
se

 
ghly axill

nsitive imaging technique (86%-100%)
specificity is varying, 27%-97% [21]. In ou
sensitivity was 81% and specificity 73%.  

There are variable reports on the sensitivit
the detection of BC. In some studies FN resu
45% were reported [22-25]. Others reported se
100% and specificity of 48% [26]. In our st
sensitivity and specificity values were 68% 
respectively. The sensitivity of US is decr
microcalcifications without accompanying ma
and by solid lesions which are embedded in 
The relatively high specificity of US found in

 but its 
r study its 

 
Bibliography 

y of US in 
 
1. Miller AB. Breast cancer epide

lts 0.3%-
nsitivity of 

prevention. In: Harris JR, Hellman S Εds. 
Lippincott Co. Philedelphia 1987: 87-10
2. Helzlsouer KJ. Epidemiudy these 

and 87%, 

ology, prevention and earl
of breast cancer. Curr Opin Oncol 1994;
3. Schouten LJ, Straatman H, Kiemene

eased by 
ss lesions 
fat tissue. 

Cancer incidence: life table risk ver
Epidemiol Community Health 1994; 48: 
4. Anderson I. Mammographic scre

 our study 
enin

Malmo mammographic screening trial. Br J
an be attributed to the high number of cystic

The well known discrimination by US between 
solid lesions was confirmed in our study; amo
le

ions. 
 and 
nign 

8. 
5. Frisell J, Eklund G, Hellström L et a
mammography screening – preliminary 

sions, US correctly diagnosed 15 of 16 lesio
(all) had cystic components as shown by histop

In our study, the sensitivities of the 
modalities in detecting axillary lymph node me
were 55%, 55%, 11% and 77% for SM, US, 
MRI, respectively. 

In the literature, SM for the detection 
lymph node metastases has a sensitivity betwe
100% [27-29]. Others compared the 99mTc-MI
fl

hich 
gy.  
ging 

Stockholm trial. Breast Cancer Res Trea
6. Miller AB, Baines CJ, To T, Wall C.
Breast Screeening Study. Can Med Aso
7. Shapiro S. 

ases 
 and 

randomized trial: The Health Insuranc
New York Study. In: Day NE, Miller AL Eds. 
Breast Cancer, Hans Huber, Toronto: 1988; 3

illary 
% to 

8. Levene, Howard. "Robust tests for 
Ingram Olkin, Harold Hotelling et al. Co
and Statistics: Essays in Honor and 

ssion 

 of H
University Press. 1960 pp. 278-92. 
9. Chen SL, Yin YQ, Chen JX et al. The usefullneuorine-18-fluoro-2-deoxyglucose, positron 

tomography (18F-FDG PET) in the detection
node metastases and found that 18F-FDG 
superior to SM in that respect [30]. In a multic
the authors concluded that non tomograph
sestamibi SM had a very low detection rate fo
lymph node involvement and it should not be a
clinical assessment of breast cancer [31]. 

In the present study, the average of the T/B 
the malignant lesions were significantly higher t
of the FP lesions, (2.41±1.03 vs 1.26±0.36 P=
another study, the diagnostic accuracy of 
examined by 99mTc-MIBI w

mph 
was 

r trial 
9m

sestamibi scintimammography in the dia
using surgical histopathologic diagnosi
Anticancer Res 1997; 17: 1695-8. 

Tc-
illary 
d for 

10. Tofani A, Sciuto R, Semprebene 
scintimammography in 300 consecutive
may affect accuracy. Nucl Med Commun
11. Mekhmandarov S, Sandbank J, Cohen M 

os of 
hose 

sestamibi scintimammography in palpa
breast lesions J Nucl Med 1998; 39: 86-9
12. Arslan N, Ozturk E, Ilgan S et al. The comparison of the dual 

). In 
ratio 

phase 99mTc-sestamibi and 99mTc-MDP
the evaluation of breast masses: prelim

as 1.5±0.5 for 
lesions and 1.2±0.2 for the benign lesions [32]. 
performed to evaluate and compare the d
accuracy of pentavalent 99mTc-dimercaptosuc
(99mTc-(V)DMSA) and 99mTc

umor 
tudy 

Med 2000; 14: 39-46. 
13. Arslan N, Ozturk E, Ilgan S 

ostic 
acid 

n of 
node 

scintimammography in the evaluation
axillary involvement: a comparison wi
histopatho-logical diagnosis. Nucl Med C
25. 
14. Aziz A, Hashmi R, Ogawa Y. primary breast cancer and metastatic lym

involvement, T/B ratios were almost identical fo
agents and were significantly higher than 

 two 
 for 

es of 

mammography; SPECT versus planar 
Radiopharm 1999; 14: 495-500. 
15. Prats E, Aisa F, Abós MD et al. Menign lesions [33]. For BC, T/B ratio cut off

1.2-1.4 and for benign breast tumors, values e
than 1.5 have been proposed [34].  

Planar 

igher 

reast 

sestamibi scintimammography in susp
Nucl Med 1999; 40: 296-301. 
16. Ohta H. 99mTc-sestamibi upt



Research Article 

www.nuclmed.gr                                                                                    Hellenic Journal of Nuclear Medicine     May - August  2010   149

20. Mann BD, Giuliano AE, Bassett LW et al. Delaye
of breast canceras

d diag
rams. 

ynami
e breast combined with analysis of contrast 

 Clin R

 det
ng sta

breas
05-7. 

K e
on p

agement. Radiology 1987; 165: 103-8.  
t E 

single 
 1988

SH e
graph
sses. 

pal
breast masses with Tc-sestamibi: a comparative study with 
mamography and ultrasonography. Nucl Med Commun 1994; 
15: 604-12. 
28. Lu G, Shih WJ, Huang HY et al.99mTc-sestamibi mammo- 
scintigraphy of breast masses: early and delayed imaging. Nucl 
Med Commun 1995; 16: 150-6. 

 of 99mTc-MIBI breast  
F et al. Comparison of 

ography in the detection 
24: 1138-45. 
er A et al. Planar  99mTc-

 considered cautiously 
cer protocols: Results of 

cl Med 2005; 5: 4. 
et al. 99mTc-MIBI 

of breast malignancies: 
 specificity. Nucl Med 

;
Papadaki E et al. 99mTc-
assessment of breast 

-MIBI. Eur J Nucl Med 

ne in Clinical Diagnosis 
tone 1998; vol.2 p. 978.  

nosis 
Arch 

29. Kao C,Wang S, Liu TJ et al. The use
30. Palmedo H, Bender H, Grünwald 

99m
 a result of normal mammog

Surgery 1983; 118: 23-5. 
21. Mussurakis S, Buckley DL, Drew PJ et al. D
imaging of th

c MR 
agent 
adiol 

FDG PET and Tc-MIBI scintimamm
of breast tumors. Eur J Nucl Med 1997; 
31. Massardo T, Alonso O, Llamas-Olli
sestamibi scintimammography shokinetics inthe differentiation of primary breast tumors.

1997; 52: 516-26. 
22. Sickles EA, Filly RA, Callen PW. Breast cancer
with sonography and mamography: comparison usi

ection 
te-of-

uld be
in the axillary evaluation of breast can
an international multicenter trial. BMC Nu
31. Horne T, Pappo I, Cohenpour M 

art equipment. AJR 1993; 140: 843-5.  
23. Kopans DB ,Meyer JE, Lindfors KK. Whole t US 

scintimammography for the detection 
the contribution of the count ratio to
Commun 1999  20: 511-6. imaging: four years follow up. Radiology 1985; 157: 5

24. Bassett LW, Kimme-Smith C, Sutherland L
Automated and hand-held breast US : Effect 
man

t al. 
atient 

32. Papantoniou V, Christodoulidou J, 
(V)DMSA scintimammography in the 

25. Van Dam PA, Van Goethem MLA, Kersscho
Palpable solid breast masses: retrospective 
multimodality evaluation of 201 lesions. Radiology

et al. 
and 

lesions: comparative study with 99mTc
2001;28: 923-8. 
33. Murray IPC, Ell PJ Nuclear Medici

;166: 

t al. 
y and 

and Treatment. 2nd ed. Churchill Livings
435-9. 
26. Klaus AJ, Klingensmith WC 3rd, Parker 
Comparative value of 99mTc-sestamibi scintimammo
sonography in the diagnostic workup of breast ma
2000; 174: 1779-83. 
27. Burak Z, Argon M, Memiş A et al. Evaluation of 

99m

 AJR 

pable 

34. Spanu A, Chessa F, Meloni GB et al. The role of planar 
scintimammography with high-resolution dedicated breast 
camera in the diagnosis of primary breast cancer. Clin Nucl Med  
2008; 33: 739-42. 
35. Spanu A, Chessa F, Sanna D et al. Scintimammography 
with a high resolution dedicated breast camera in comparison 
with SPECT/CT in primary breast cancer detection. Q J Nucl 
Med Mol Imaging  2009; 53: 271-80. 
36. Tiling R, Linke R, Untch M et al. 18F-FDG-PET and 99mTc-
sestamibi scintimammography for monitoring breast cancer 
response to neoadjuvant chemotherapy: a comparative study. 
Eur J Nucl Med 2001; 28: 711-20.  

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Spanu%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chessa%20F%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sanna%20D%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract

