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Rationale and Objectives. To evaluate the sensitivity of high-resolution breast-specific gamma imaging (BSGI) for the
detection of ductal carcinoma in situ (DCIS) based on histopathology and to compare the sensitivity of BSGI with mammography and magnetic resonance imaging (MRI) for the detection of DCIS.
Materials and Methods. Twenty women, mean 55 years (range 34 –76 years), with 22 biopsy-proven DCIS were retrospectively reviewed. After injection of 25–30 mCi (925–1,110 MBq) technetium 99m-sestamibi, patients had BSGI with a
high-resolution, small-field-of-view gamma camera in craniocaudal and mediolateral oblique projections. BSGI studies
were prospectively classified according to focal radiotracer uptake using a 1 to 5 scale, as normal 1), with no focal or diffuse uptake; benign 2), with minimal patchy uptake; probably benign 3), with scattered patchy uptake; probably abnormal
4), with mild focal radiotracer uptake; and abnormal 5), with marked focal radiotracer uptake. Imaging findings were compared to findings at biopsy or surgical excision. The sensitivity of BSGI, mammography, and when performed, MRI were
determined for the detection of DCIS. Breast MRI was performed on seven patients with eight biopsy-proven foci. The
sensitivities were compared using a two-tailed t-test and confidence intervals were determined.
Results. Pathologic tumor size of the DCIS ranged from 2 to 21 mm (mean 9.9 mm). Of 22 cases of biopsy-proven DCIS
in 20 women, 91% were detected with BSGI, 82% were detected with mammography, and 88% were detected with magnetic resonance imaging. BSGI had the highest sensitivity for the detection of DCIS, although this small sample size did
not demonstrate a statistically significant difference. Two cases of DCIS (9%) were diagnosed only after BSGI demonstrated an occult focus of radiotracer uptake in the contralateral breast, previously undetected by mammography. There
were two false-negative BSGI studies.
Conclusions. BSGI has higher sensitivity for the detection of DCIS than mammography or MRI and can reliably detect
small, subcentimeter lesions.
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Ductal carcinoma in situ (DCIS) occurs in approximately
28% or more than 58,000 cases of breast cancer in the
United States (1). Mammography, the only accepted
screening tool for breast cancer, detects the majority of
clinically occult DCIS as microcalcifications, the hallmark
mammographic finding of DCIS (2). Yet, the diagnosis of
DCIS remains difficult because mammography is unreliable in predicting the histology and extent of DCIS (2–5).
Breast MRI has been shown to have a sensitivity of
73%– 89% for DCIS, but a limited specificity (58%–
89%) and variable positive predictive value
(25%– 84%) (1–3,5). As with mammography, small
foci of DCIS are difficult to detect on magnetic resonance imaging (MRI), particularly lesions smaller than
5 mm (6,8). In addition, MRI may overestimate DCIS
extent in as many as 50% of cases and often cannot
distinguish benign from malignant lesions, high-grade
from low-grade DCIS, or detect an invasive component
concurrent with the DCIS (3–5). As a result, MRI remains a secondary study with limitations in DCIS detection and evaluation.
Breast specific gamma imaging (BSGI), nuclear medicine imaging of the breast using a high-resolution gamma
camera, is an increasingly used adjunct imaging modality
for the diagnosis of breast cancer. Recent studies have
shown the potential of BSGI as a valuable complement to
mammography in detecting breast cancer (9 –12).
The purpose of this study is to determine the sensitivity of BSGI, mammography, and MRI for the detection of
DCIS and to compare the sensitivity of BSGI with mammography and MRI.4

MATERIALS AND METHODS
Between July 2001 and July 2006, 290 underwent clinically indicated BSGI for equivocal or suspicious mammographic findings. Twenty nonpregnant women, mean
55 years (range 34 –76 years), were diagnosed with pure
DCIS after definitive biopsy or at surgical excision. Retrospective review of these 20 women was performed and
constitutes the study population.
BSGI was performed before biopsy to further evaluate
an indeterminate breast finding and after biopsy demonstrating DCIS to evaluate for occult foci as well as to
determine extent of disease for surgical planning. Pathologic results were correlated with mammography, BSGI,
and MRI when deemed indicated for the clinical care of
the patient. Pathology reports were retrospectively re-
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viewed for tumor size and nuclear grade. The highest nuclear grade reported on biopsy or surgical excision was
included in the analysis.
BSGI was performed after injection of 25–30 mCi
(925–1,110 MBq) technetium 99m-sestamibi in an antecubital vein. Patients were imaged with a high-resolution,
small-field-of-view breast-specific gamma camera (Dilon
6800; Dilon Technologies, Newport News, VA). Craniocaudal and mediolateral oblique projections were obtained, as were additional projections as clinically indicated. The acquisition time for each image was approximately 10 minutes, with a total imaging time of
approximately 40 minutes per study.
BSGI studies were prospectively read by two radiologists with expertise in BSGI interpretation. Correlation
with mammography and MRI was made when available.
BSGI was classified according to focal radiotracer uptake
using a 1 to 5 scale, as 1) normal with no focal or diffuse
uptake; 2) benign with minimal patchy uptake; 3) probably benign with scattered patchy uptake; 4) probably abnormal with mild focal radiotracer uptake; and 5) abnormal with marked focal radiotracer uptake.
Mammography was performed (GE DMR, Milwaukee,
WI) initially in the craniocaudal and mediolateral oblique
projections. Additional views were obtained as deemed
clinically indicated by the interpreting radiologist. Results
were based on mammographic findings in the clinical report obtained from the patient record.
MRI was performed using a GE 1.5-T system (GE
Healthcare, Milwaukee, WI) using a dedicated breast
coil. An initial three-dimensional localizing sequence
was performed, followed by sagittal T1 with fat saturation (repetition time 525 milliseconds/echo time 12–24
milliseconds), T2 with fat saturation (6,000/85), and
axial T2 (6,000/85) fat-saturated sequences. After administration of 33 mL of gadopentetate-dimeglumine
(Magnevist, Berlex, Germany) three-dimensional volumetric dynamic images were obtained at 70-second intervals for a total of five cycles followed by a sagittal
T1 (6.3/2.9 –12) fat-saturated postcontrast sequence.
MRI results were based on the generated report in the
patient record. MRI and BSGI examinations were performed within 2 weeks.
The sensitivity of BSGI, mammography, and, when
performed, MRI were determined for the detection of
DCIS and compared using a two-tailed t-test. Statistical
significance was defined as being with in the 95% confidence intervals.
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Institutional review board approval and informed consent were obtained. The study was Health Insurance Portability and Accountability Act– compliant.

RESULTS
Twenty women with 22 biopsy-proven DCIS lesions
were included. DCIS was bilateral in two women, in the
right breast in 8 women and in the left breast in 10
women. Pathologic tumor size was available in nine
cases, ranging from 2 to 21 mm (mean 9.9 mm). Four
DCIS lesions were less than 5 mm in size, two 6 –10 mm
in size, two 11–20 mm in size, and one greater than 20
mm in size. Of the remaining tumors, 12 were extensive
within the breast and size could not be determined; the
final DCIS lesions were diagnosed at 9-gauge vacuumassisted core biopsy (ATEC, Suros Surgical, Cincinnati,
OH) with no residual disease at surgical excision. Nuclear
grading was available for all DCIS lesions and classified
as high (n ⫽ 11), intermediate (n ⫽ 9), and low (n ⫽ 2).
Comedonecrosis was present in 10 DCIS, all intermediate- or high-grade tumors.
Clinically, three patients (15%) presented with unilateral bloody nipple discharge, one (5%) with a palpable
mass, and one (5%) with a history of contralateral DCIS
5 years previously and underwent BSGI for high-risk surveillance. The remaining 15 patients (75%) presented
with an abnormal mammogram. In 16 women, DCIS was
diagnosed using minimally invasive biopsy. BSGI was
performed after the diagnosis to evaluate for multifocality, bilaterality, and extent of disease and to assist in surgical planning. The remaining four women had an abnormal mammogram and BSGI before biopsy to further evaluate an indeterminate mammographic finding. Two cases
of DCIS (9%) were diagnosed only after BSGI demonstrated an occult focus of radiotracer uptake in the contralateral breast, previously undetected by mammography
(Fig 1).
BSGI versus Mammography
All patients were evaluated with mammography before
BSGI. Of the 22 cases of biopsy-proven DCIS, 18 were
detected with mammography for a sensitivity of 82%.
The mammographic findings were calcifications (n ⫽ 16),
calcifications with spiculated mass (n ⫽ 1), and mass
(n ⫽ 1). Mammography was negative in four patients
with DCIS, including the two patients with occult, bilateral disease diagnosed only after abnormal BSGI.

Figure 1. High-resolution breast-specific gamma imaging,
magnetic resonance imaging (MRI), and ultrasound in a 59year-old patient with known ductal carcinoma in situ (DCIS) in
the right breast. Breast-specific gamma imaging (BSGI) of the
left breast: (a) craniocaudal and (b) left mediolateral oblique
views demonstrate subtle focus uptake in the lower left breast
(black arrows). (c) Sagittal T1 fat-suppressed postcontrast MRI
of the left breast demonstrated a 7-mm enhancing lesion with
linear enhancement (white arrow). (d) Second look ultrasound
of the left breast demonstrated a vague hypoechoic area at the
6:30 position (markers). A 4-mm focus of low-grade DCIS was
found on excisional biopsy. The left breast DCIS was newly
detected on BSGI and was a contralateral occult focus in a patient with known right DCIS.

Both cancers measured 4 mm at surgical excision. The
remaining two patients with false-negative mammograms and true-positive BSGI presented with bloody
nipple discharge (n ⫽ 1) and a palpable mass visualized with ultrasound (n ⫽ 1).
In 20 women with 22 cases of DCIS, the sensitivity of
BSGI was 91%. Figure 2 is an example of a true-positive
BSGI in DCIS. There were two false-negative BSGI studies. In both, mammography demonstrated an indeterminate cluster of microcalcifications and biopsy with stereotactic vacuum assisted biopsy demonstrated DCIS. At
surgical excision, one patient had no residual DCIS and
one had extensive DCIS with no single focus greater than
10 mm. These patients were not evaluated with MRI.
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Table 1
Two-Tailed t-test Evaluating Sensitivity of Breast-Specific
Gamma Imaging (BSGI) to Mammography and Magnetic
Resonance Imaging (MRI)

Contrast
(BSGI to mammography)
(BSGI to MRI)

Value of Standard
Contrast
Error
0.09
0.03

0.105
0.144

df

P
Value

0.864 49
0.237 49

.392
.814

t

Table 2
Confidence Intervals

Imaging Modality

95% Confidence
Intervals

Breast-specific gamma imaging (n ⫽ 22)
Mammography (n ⫽ 22)
Magnetic resonance imaging (n ⫽ 8)

0.78–1.04
0.64–0.99
0.58–1.17

tion rates of DCIS between the three imaging modalities
(Table 1, Table 2).

DISCUSSION

Figure 2. Mammography and high-resolution breast specific
gamma imaging in a 69-year-old patient with ductal carcinoma in
situ of the right breast. (a) Right craniocaudal and (b) right mediolateral oblique magnification mammography views demonstrate a
cluster of indeterminate microcalcifications in the subareolar right
breast. Breast-specific gamma imaging (c) right craniocaudal and
(d) right mediolateral oblique views demonstrated focal increased
radiotracer uptake in the upper retroareolar region (black arrows).
Pathology demonstrated a 6-mm focus of high-grade DCIS.

BSGI versus MRI
Breast MRI was performed in seven patients with eight
biopsy-proven foci of DCIS and demonstrated seven areas
of abnormal enhancement (sensitivity 88%). This included
an occult contralateral DCIS in one patient with bilateral
disease, detected initially by BSGI. There was one falsenegative MRI examination, which at surgical excision
demonstrated a 4-mm DCIS. This false-negative MRI was
positive with BSGI imaging.
Overall, the sensitivity for DCIS was 82% with mammography, 91% with BSGI, and 88% with MRI. Statistical analysis performed using a two-tailed t-test does not
demonstrate a statistically significant difference in detec-
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Screening and diagnostic mammography currently are
the gold standard for detecting DCIS despite a variable
reported sensitivity of 22%– 86% (2–5). Microcalcifications are the most common finding, detected in 73%–98%
of DCIS, and typically evaluated by vacuum-assisted biopsy using stereotactic guidance (5). Because of the reported low specificity and positive predictive value of
mammography, there is a need for adjunct imaging modalities to complement mammography in detection and
evaluation of DCIS, particularly in assessing additional
occult foci and tumor extent.
Previous studies on scintimammography have reported
sensitivities for invasive cancer of 56%–100%, and for
DCIS of 46%–100%, although the size of DCIS lesions
was not reported in most studies (13,22,23).
A standard gamma camera has intrinsic resolution limitations and cannot reliably detect subcentimeter cancers,
which account for nearly one-third of all breast cancers
detected by screening mammogram (9 –12,14). BSGI uses
a high-resolution, small-field-of-view breast-specific
gamma camera with proven results in reliably detecting
small, subcentimeter breast cancer (11,12). In contrast to
the anatomic studies of mammography and ultrasound,
BSGI offers the advantage of being a physiologic or func-
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tional study, with sensitivity unaffected by dense breast
tissue, implants, or architectural distortion after surgery or
radiation (10,13–15). False-positives can occur with
BSGI, the most common being fibrocystic disease, fibroadenoma, papillomatosis, atypical ductal hyperplasia, and
fat necrosis (13).
Despite reports of the sensitivity in detecting breast
cancer using scintimammography with a traditional
gamma camera and BSGI with a high-resolution breastspecific gamma camera, few studies directly examine the
sensitivity of DCIS (13,14,16 –20). Khalkhali et al reported eight cases of DCIS, all detected by scintimammography for a sensitivity of 100%, although the size of
the DCIS lesions is not reported and five of the eight
DCIS lesions in this study were palpable (21). In a multicenter trial to evaluate the diagnostic accuracy of scintimammography, Khalkhali et al reported a sensitivity of
46% for the detection of DCIS (22). Of the DCIS detected, sensitivity favored palpable (57%) versus nonpalpable (39%) tumors, although the high prevalence of palpable DCIS in this study does not accurately reflect typical clinical practice and is skewed toward larger, palpable
DCIS (22). Papantoniou et al reported a sensitivity of
75% in the detection of pure DCIS using a different radiotracer, 99m technetium (V) DMSA, in scintimammographic imaging (23). The false-negative DCIS on scintimammography measured 8 mm, and the mean DCIS size
was 33 mm (range 8 –50 mm), again favoring scintimammographic detection of larger or palpable DCIS (23).
The intrinsic resolution limitation using standard
gamma cameras is, at least, in part responsible for the
lower sensitivity for detecting DCIS than reported in our
study. In a recent report using a high-resolution, breastspecific gamma camera, the sensitivity of four cases of
DCIS was 100% with no subcentimeter lesions included
in that report (10). Three of these DCIS were detected
only with BSGI, not visible with mammography (10). Our
findings concur with those previously reported demonstrating 100% sensitivity of BSGI for the detection of
DCIS greater than 1 cm (10). In our study, the two falsenegative DCIS lesions at BSGI were a DCIS diagnosed
with stereotactic vacuum assisted biopsy with no residual
disease at surgical excision, and an extensive DCIS
throughout the breast initially diagnosed with stereotactic
vacuum-assisted biopsy with no single focus greater than
10 mm.
Statistical analysis using a two-tailed t-test did not
demonstrate a statistically significant difference in DCIS
detection between BSGI and mammography or MRI.
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However, the confidence intervals demonstrate a trend toward improved detection using BSGI. It is possible that with
larger sample sizes in future studies, the differential ability
of mammography, MRI, and BSGI may be different.
Studies of MRI detection of breast cancer report high
sensitivity for invasive cancer (97%–100%), but few studies specifically examine the detection of DCIS, with early
studies reporting sensitivity ranging from 40% to 100%
(3,24). Recent studies reported MRI sensitivity for the
detection of DCIS ranging from 73% to 97%, similar to
our reported sensitivity of 88% for DCIS (3–7). The
lower specificity of MRI in detecting DCIS (58%– 89%)
continues to limit its utility (3,6,22). Additional studies
are needed to further evaluate and compare the sensitivity
and specificity of MRI and BSGI in the detection of
DCIS.
In this study, BSGI accurately detected all four DCIS
ⱕ5 mm (100%) and all six DCIS ⱕ10 mm (100%) with
measurable residual disease at surgical excision. Overall,
BSGI demonstrated 91% sensitivity for DCIS, including
extensive disease with no reported size and the single
case diagnosed by vacuum-assisted core biopsy with no
residual disease at surgical excision. This high sensitivity
for small DCIS strengthens the utility of BSGI as an adjunct imaging modality in detecting small, noninvasive
carcinoma. Furthermore, our study demonstrates the reliable detection of small subcentimeter DCIS with BSGI.
Future studies must address other characteristics of DCIS
and the impact on radiotracer uptake, such as the grade of
the tumor, the impact of necrosis on BSGI examinations,
and the cell type. Furthermore, additional ongoing studies
are evaluating how BSGI impacts changes in patient management.
Limitations of the study include small sample size,
single institution review, and retrospective design.
In summary, our study demonstrates the sensitivity of
BSGI for the detection of DCIS (91%) was higher than
that found with mammography (82%) and MRI (88%),
and is a useful adjunct imaging modality for the detection
of both clinically suspicious and occult foci of DCIS. (7).
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