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Purpose: Molecular breast imaging (MBI) has shown promise as an adjunct screening technique to
mammography for women with dense breasts. The demonstration of reliable lesion detection with
MBI performed at low administered doses of Tc-99 m sestamibi, comparable in effective radiation
dose to screening mammography, is essential to adoption of MBI for screening. The concept of per-
forming low-dose MBI with dual-head cadmium zinc telluride (CZT) gamma cameras has been
investigated in phantoms in Part I. In this work, the objectives were to evaluate the impact of the
count sensitivity improvement methods on image quality in patient MBI exams and to determine if
adequate lesion detection could be achieved at reduced doses.

Methods: Following the implementation of two count sensitivity improvement methods, registered
collimation optimized for near-field imaging and energy acceptance window optimized for CZT,
MBI exams were performed in the course of clinical care. Clinical image count density (counts/
sz) was compared between standard MBI [740 MBq (20 mCi) Tc-99 m sestamibi, standard colli-
mation, standard energy window] and low-dose MBI [296 MBq (8 mCi) Tc-99 m sestamibi, opti-
mized collimation, wide energy window] in a cohort of 50 patients who had both types of MBI
exams performed. Lesion detection at low doses was evaluated in a separate cohort of 32 patients,
in which low-dose MBI was performed following 296 MBq injection and acquired in dynamic
mode, allowing the generation of images acquired for 2.5, 5, 7.5, and 10 min/breast view with pro-
portionately reduced count densities. Diagnostic accuracy at each count density level was compared
and kappa statistic was used to assess intrareader agreement between 10 min acquisitions and those
at shorter acquisition durations.

Results: In patient studies, low-dose MBI performed with 296 MBq Tc-99 m sestamibi and new
optimal collimation/wide energy window resulted in an average relative gain in count density of
4.2 = 1.3 compared to standard MBI performed with 740 MBq. Interpretation of low-dose 296 MBq
images with count densities corresponding to acquisitions of 2.5, 5, 7.5, and 10 min/view and me-
dian lesion size of 1.4 cm resulted in similar diagnostic accuracy across count densities and substan-
tial to near-perfect intrareader agreement between full 10 min-views and lower count density views.
Conclusions: Review of patient studies showed that registered optimized collimation and wide
energy window resulted in a substantial gain in count sensitivity as previously indicated by phan-
tom results. This proof of concept work indicates that MBI performed at administered doses of 296
MBq Tc-99 m sestamibi with the applied count sensitivity improvements permits the detection of
small breast lesions in patients. Findings suggest that further reductions in acquisition duration or
administered dose may be achievable. © 2012 American Association of Physicists in Medicine.
[http://dx.doi.org/10.1118/1.4719959]
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I. INTRODUCTION

Screening mammography is the standard tool for breast can-
cer screening and the only modality shown to significantly
decrease breast cancer mortality." However, the sensitivity
of mammography in women with radiographically dense
breasts is reduced; reported sensitivities range from 80% to
98% in women with entirely fatty breasts versus 29% to
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62% in women with extremely dense breasts.” Compared
with film mammography, digital mammography has been
shown to offer better sensitivity in the single subgroup of
women who are under 50yr, pre- or perimenopausal and
have either heterogeneously or extremely dense breasts, yet,
in this subgroup sensitivity remained under 60% for digital
mammography (versus 27% for film).® Compounding the
problem of reduced mammographic sensitivity with
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increasing mammographic density is the fact that density is a
significant independent risk factor for developing breast can-
cer. After controlling for the masking effect of dense tissue,
women with extremely dense breasts have a relative risk up
to 5 times that of women with almost no density.”””

We recently reported the results from the first large-scale
evaluation of molecular breast imaging (MBI) performed
with a dual-head cadmium zinc telluride (CZT) based
gamma camera as a supplemental screening technique in
women with dense breasts.'” In that study, MBI was per-
formed using 740 MBq (20 mCi) Tc-99 m sestamibi in 936
asymptomatic women with either heterogeneously dense or
extremely dense breasts on past prior mammogram. The sen-
sitivity of mammography with supplemental MBI was 91%,
significantly better than 27% for mammography alone
(P=0.016). The addition of supplemental MBI did reduce
specificity from 91% for mammography alone, yet remained
clinically acceptable at 85%. Despite the promising results
from this proof-of-principle study, we recognize that adop-
tion of nuclear medicine techniques in the breast screening
setting is limited by the relatively higher radiation doses
associated with these procedures compared to mammog-
raphy. In order for MBI to have an effective dose to the
patient and subsequent radiation risk comparable to that of
screening mammography, our eventual goal is to perform
screening MBI with administered activity of 148 MBq
(4mCi) Tc-99 m sestamibi.!!

To work toward this reduction in effective dose, we have
implemented two count sensitivity improvement strategies
for MBI, including redesign of the detector’s collimation to a
registered design, optimized for imaging in the near-field,
and the use of a wider energy acceptance window to capture
photopeak events registered at lower energies in CZT. These
two strategies have been evaluated in phantoms in Part I of
this work.

Following implementation of these count sensitivity
improvement methods, we reduced the standard dose used
for MBI performed at our institution to 296 MBq Tc-99m
sestamibi, and in some research cases, MBI was performed
using 148 MBq Tc-99 m sestamibi. An MBI study is acquired
using dynamic acquisitions to allow for postprocessing
motion correction if necessary. By summing the appropriate
number of frames in the 10 min/breast view acquisition, we
are able to simulate acquisitions of shorter durations includ-
ing 2.5, 5, and 7.5min/view, which have proportionately
reduced count densities and allow further testing of count
sensitivity improvement strategies.

The objectives of this work were to evaluate the impact of
the sensitivity improvement methods and a reduction of the
injected dose and/or count density on image quality in patient
MBI exams and to determine if adequate lesion detection
could be achieved at lowered doses.

Il. MATERIALS AND METHODS
Il.LA. MBI clinical protocol

Patient MBI exams used in this work were performed on
the LumaGem system [Gamma Medica-Ideas (GMI), North-
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ridge, CA]. This system has previously been described in
detail (see Part I). MBI was performed following intravenous
injection of Tc-99 m sestamibi. Imaging commenced approxi-
mately 2-5 min after injection. The patient was imaged in a
seated position with the breast positioned between the two
detectors. A typical MBI study consisted of bilateral cranio-
caudal (CC) and mediolateral oblique (MLO) views acquired
for a total of 10min/view. Light compression was used to
limit breast movement and reduce lesion-to-detector distance
during imaging; the mean and standard deviation of com-
pressed breast thickness during MBI was previously reported
as 6.6 1.4cm for CC views and 6.7+ 1.4cm for MLO
views.'?

A radiologist thus interpreted a display of eight images
comprising bilateral CC and MLO views from two separate
detector heads. All MBI exams described in this report were
performed under institutional review board (IRB)-approved
protocols that allowed the off-label use of reduced adminis-
tered doses under the direction of the ordering physician, a
common practice in nuclear medicine. Written informed
consent was obtained from all participants.

II.B. Within-patient count density comparison

Between the years 2005 and 2008, approximately 1000
patients had MBI performed as part of a study evaluating
the efficacy of screening MBI in women with dense
breasts.'? In that study, all patients were imaged using the
standard collimation and standard energy acceptance win-
dow (126-154keV), and patients received an injected dose
of 740 MBq Tc-99 m sestamibi. In 2010, a second screening
study was initiated following implementation of the opti-
mized registered collimation'? and wide energy windows
(110-154 ke V). In this new ongoing study, patients typically
have low-dose MBI with an injected dose of 296 MBq Tc-
99 m sestamibi; a 148 MBq injection of Tc-99 m sestamibi
has been administered in a small subset of patients.

We identified a cohort of 50 patients who had participated
in both the original and low-dose MBI screening studies. A
296 MBq dose of Tc-99 m sestamibi was used in 48 patients
and a 148 MBq dose was used in 2 patients. In each MBI
image, count density on both the original and low-dose stud-
ies was measured using region of interest (ROI) analysis of
all breast tissue included in the field of view on the CC and
MLO views of each breast. To adjust for differences in
administered dose, count density was expressed as counts/
cm?/10 min acquisition/MBgq.

Another single patient with breast cancer had undergone
an MBI study using both the standard and optimal collima-
tion during the same exam. The MBI study was performed
with 296 MBq Tc-99 m sestamibi and the wide energy win-
dow was used. An acquisition with each collimator was
acquired sequentially for 10 min/view. After applying decay
correction for time elapsed between acquisition start times,
we assessed the gain in count density with the optimal colli-
mator alone.

As performed in the phantom work in Part I, we deter-
mined the additional count information provided by
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widening the energy acceptance window alone, by examin-
ing another subset of five patients in whom an MBI study
was performed with both standard and wide windows. The
MBI studies were performed with 740 MBq Tc-99 m sesta-
mibi and the standard collimation was used. An acquisition
with each energy window was acquired sequentially for 10
min/view. We subtracted the standard energy window image
from the wide energy window image. This method allowed
us to create an image of counts in the 110-125keV range
and assess the spatial information of these additional counts.

Il.C. Lesion detection study

A reader study was performed to evaluate lesion detection
on low-dose MBI with further reduced count densities.
Thirty-two low-dose MBI studies were performed using a
296 MBq administered dose of Tc-99m sestamibi, using
optimized registered collimation and wide energy window.
All breast views were acquired in dynamic mode, at a frame
rate of 1.25min/frame for 10min. After acquisition, the
appropriate number of frames was summed to create images
with count densities corresponding to acquisition durations
of 2.5,5,7.5, and 10 min/view.

The 32 cases comprised 17 patients with 20 breast lesions
(8 cancers, 12 benign) demonstrating positive radiotracer
uptake and 15 patients with no diagnosed lesions. The cancer
status of each lesion was determined through review of all
available imaging studies (mammogram, ultrasound, MBI,
and/or MRI) and pathology findings by an expert radiologist
specializing in breast imaging. A lesion was classified as ma-
lignant if cancer was detected either by pathology findings at
core-needle biopsy and/or surgery. A lesion was classified as
benign if either no cancer was detected on core-needle biopsy
or if in the setting of definitive benign imaging findings on
mammogram, ultrasound or MRI, the benign status was con-
firmed by follow-up imaging at least 12 months post-MBI.

Eight (8/17) patients had breast cancer (one malignant
lesion per patient), two of whom also had a benign lesion in
the contralateral breast. Eight (8/17) patients had a single be-
nign lesion and one patient had two benign lesions (one in
each breast). One (1/17) patient with a single benign lesion
had a diagnosis of lobular carcinoma in situ (LCIS), which is a
benign finding known to be strongly associated with increased
risk of breast cancer. The overall median size of all 20 lesions
was 1.4 cm (s.d. = 1.0 cm; range = 0.6-4.3 cm). Median cancer
size was 1.0cm (s.d.=1.2cm; range = 0.64.3 cm); median
size of benign lesions was 1.7cm (s.d.=0.8cm; range
0.8-3.2cm).

MBI studies were interpreted by four readers (CMT, ALC,
CLT, and RWM) with varying experience levels. Three read-
ers were dedicated breast radiologists who each interpret
approximately five MBI studies per week; two of the three
readers had over 2 yr experience in reading MBI studies and
the third had 1 yr experience. The fourth reader was a radiol-
ogy resident with no prior experience in reading MBI studies.

Each reader independently and blindly interpreted the
low-dose MBI studies in four separate reading sessions:
2.5 min/view studies were interpreted at the first session,
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5 min/view studies at the second, 7.5 min/view studies at the
third, and the full 10 min/view studies at the fourth. Each ses-
sion was separated by at least 1 week. Cases interpreted
within each session were presented in a random order. Read-
ers interpreted the MBI studies in isolation without access to
clinical history or any other imaging results, including mam-
mograms; discussion of cases with other readers was not
allowed. Readers examined the MBI studies for the presence
of abnormal radiotracer uptake. An assessment score that
paralleled the breast imaging reporting and data system
(BI-RADS)'* assessments was assigned for each breast
using a five point scale, where 1=negative, 2 =benign,
3 =probably benign, 4 = suspicious, and 5 = highly sugges-
tive of malignancy. A final assessment of 1 or 2 was consid-
ered test negative and an assessment of 3 or higher was
considered test positive.

ROI analysis was performed to measure the counts/cm?
of all breast tissue included in the field of view for each
frame of the four views (bilateral CC and MLO) in order to
monitor counts throughout the course of each MBI study.
Sensitivity and specificity was calculated and ROC analysis
was performed for each count density level. Intrareader
agreement between assessments (the 1-5 assessment score
scale) of the 296 MBq, 10min/view studies and each
reduced acquisition duration (lowered count density level)
was calculated using Cohen’s kappa statistic.'> Kappa statis-
tic provides a measure of the reproducibility of an interpreta-
tion. Using the guidelines of Landis and Koch, a kappa value
below 0.2 was considered slight agreement; between 0.21
and 0.4 considered fair agreement; 0.41-0.6 considered
moderate agreement; 0.61-0.8 considered substantial agree-
ment; and kappa above 0.81 was considered near-perfect
agreement.'®

lll. RESULTS
lll.A. Within-patient count statistics

Figure 1 shows the variation in count density in normal
breast tissue on standard MBI performed with 740 MBq Tc-
99 m sestamibi, standard collimation and standard energy
window versus low-dose MBI performed with either 148
MBq (in 2 patients) or 296 MBq (in 48 patients) Tc-99 m ses-
tamibi following implementation of optimized collimation
and wide energy window. The median count density for stud-
ies performed with 740 MBq and using standard collimation
and standard energy window was 1.23 +0.41 counts/cm?/
10min/MBq as shown in Fig. 1. With application of these
two count sensitivity improvement methods, the median
count density for studies performed with 148 or 296 MBq
using optimized collimation and wide energy window was
4.60 = 1.13 counts/cm?/10min/MBq. The median gain in
count density for each individual patient was 4.2 (s.d.=1.3,
range = 2.2-8.8) for low-dose MBI versus the standard MBI.
Figure 2 compares MBI studies acquired in a sample of five
patients with both the 740 MBq standard acquisitions and ei-
ther 148 or 296 MBq low-dose acquisition.

In Fig. 3, the effect of an optimized collimator alone on
count density and lesion visibility is illustrated in a patient,
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FiG. 1. Count density measured in patients who had both standard MBI (per-
formed with a 740 MBq injection, standard collimation, and standard energy
window) and low-dose MBI (performed with either 148 or 296 MBq injec-
tion, optimized collimation, and wide energy window). Count density
(counts/cm?) is expressed per 10 min acquisition per MBq.

where after decay correction for time elapsed between
acquisitions, the gain in count density was 2.4 with the opti-
mized collimator. In the five patients who had MBI per-
formed using both the standard and wide energy windows,
average gain in count density with the wide window was 1.8
(range 1.5-2.6). Figure 4 displays an example of MBI per-

Standard
collimation

Standard energy
window

Administered activity: 740 MBq

Count density 1.41
(counts/cm?/ 10 min/ MBq):
i

Optimized
collimation

Wide energy
window

Administered activity:

148 MBq

Count density 5.46
(countsfcm?/ 10 min/ MBg):

Gain in count density: 3.9

740 MBq
1.22 1.51 1.56

296 MBq
7.79 7.44 3.45
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Fic. 3. A patient with multifocal invasive lobular cancer and nipple ade-
noma. MBI was performed following 296 MBq injection Tc-99 m sestamibi
and with the wide energy window using the standard collimation [shown in
(a)] and the optimized collimation [shown in (b)]. Count density was
improved by a factor of 2.4 with the optimized collimation.

formed in a patient using both the standard and wide energy
windows, where an additional extension of the disease was
appreciated in the wide energy window image. The differ-
ence image is also shown. As noted in the phantom images
previously acquired (see Part I), the image acquired with the

740 MBq 740 MBq

296 MBq 296 MBq

4.9 2.2

Fic. 2. Example views from four patients undergoing both standard MBI and low-dose screening MBI with approximately 2-3 yr between exams. On the top
row, standard 10 min/view MBI was performed with a 740 MBq injection, standard collimator, and standard energy window. On the bottom row, low-dose
10 min/view MBI was performed using either 148 or 296 MBq injection, optimized collimation, and wide energy window. All images were interpreted as

negative.
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FiG. 4. MBI study acquired for 10min following 740 MBq injection Tc-
99 m sestamibi, using standard collimation, and (a) wide energy window
(110-154keV), (b) standard energy window (126—154 keV). The difference
of images in panels (a) and (b) is shown in panel (c). Each image is dis-
played on the range from its individual minimum to maximum count. Count
density in this patient was improved by a factor of 2.6 with the wider energy
window, A 1.3cmx 1.0cm x 0.9cm invasive ductal carcinoma was
detected, and the wide energy window resulted in improved detection of an
extension of ductal carcinoma in situ (see arrow).

wide window is less noisy compared to the standard energy
window image, a factor which may improve lesion detection.
With the widened energy window, however, more scattered
events are present at the chest wall edge of the detector.

lll.B. Lesion detection study

Results from the lesion detection study comparing full
10 min/view images and reduced-time images for low-dose
MBI are shown in Table I. The median count density of all
32 MBI studies was 1254 counts/cm?” for 10-min acquisitions
with injected dose of 296 MBq Tc-99m sestamibi (range
756-2073 counts/cm?). The reduced-time images with acqui-
sition durations of 2.5, 5, and 7.5 min/view had proportion-
ally decreased median count densities of 313, 627, and 940
counts/cm?,

3480

The sensitivity, specificity and area under curve (AUC) of
ROC were similar at all count density levels for all readers.
Kappa statistics indicated that intrareader agreement between
assessments of 296 MBq, 10 min/view MBI and each lower
count density level was substantial (>0.6) to nearly perfect
(>0.8). However, a comparison of final assessments from
interpretations of 296 MBq, 10 min/view MBI versus those at
reduced count densities demonstrated that a considerable pro-
portion of breasts interpreted as positive (assessment of 3 or
higher) at 10 min/view were interpreted as negative (assess-
ment of 1 or 2) at acquisition duration of 5 and 2.5 min/view.
At 5 min/view, an average of 14% of lesions called positive at
10 min/view were called negative; at 2.5 min/view, this num-
ber increased to 24%. The lesions with a change from positive
to negative at lower count densities were mostly benign
lesions with less Tc-99 m sestamibi uptake; hence, the sensi-
tivity of MBI stayed constant with decreasing count density
but specificity was highest at 2.5 min/view. A very small per-
centage (4%—5%) of breasts called negative at 10 min/view
had lesions called positive at reduced acquisition duration.

Figure 5 shows an example of an MBI performed with
administration of 296 MBq Tc-99 m sestamibi, acquired in
eight dynamic frames, and subsets of frames summed to rep-
resent images with acquisition durations of 2.5, 5, 7, and
10 min/view. In this example, the average assessment
improved with increasing count density level, however, all
readers interpreted the lesion as positive (score of 3 or
higher) at acquisition durations of >5 min/view.

Figure 6 demonstrates the count density observed over the
course of an MBI exam, which lasts approximately 50 min
from the time of injection of Tc-99m sestamibi. Measure-
ments from 19 of the 32 patients interpreted for the lesion
detection study are shown and were selected for count density
analysis because views were acquired in the same order (left
CC, left MLO, right CC, and right MLO). Small fluctuations
in count rate were observed between breast views, with some

TaBLE I. Results from lesion detection study in which 4 readers interpreted MBI studies from 32 patients with 64 breasts, comprising 8 breasts with breast can-
cer and 12 breasts with benign lesions. MBI was acquired with 296 MBq injection Tc-99 m sestamibi, and acquisition durations of 2.5-10 min/view.

Acquisition duration (min/view) 10 7.5 5 2.5
Median count density (counts/cm?) 1254 940 627 313
Range Average Range Average Range Average Range Average
Sensitivity 7/8-8/8 97) 8/8-8/8 (100) 7/8-8/8 97) 7/8-8/8 97)
(88-100) (100-100) (88-100) (88-100)
Specificity 46/56-50/56 (86) 43/56-50/56 (84) 43/56-52/56 (86) 47/56-53/56 (89)
(82-89) (77-89) (77-93) (84-95)
AUC 0.96-0.97 0.97 0.95-0.98 0.97 0.96-0.98 0.97 0.95-1.0 0.97
Intrareader agreement with 10 min/view — 0.82-0.91 0.86 0.69-0.84 0.77 0.69-0.80 0.73
assessments for all 64 breasts® (k)
Proportion of breasts positive at 10 min/view but — 0/17-2/18 6) 1/18-4/13 (14) 2/14-6/18 (24)
negative at reduced acquisition duration® (0-11) (6-31) (14-33)
Proportion of breasts negative at 10 min/view but — 1/46-4/50 5 0/50-4/46 4) 1/50-4/47 5)
positive at reduced acquisition duration® (2-8) (0-9) (2-9)

Note: Range and average are of the interpretations by four readers. Numbers in parentheses are percentages, and percentages are rounded.
“Intrareader agreement determined by Kappa statistic, x, where x below 0.2 =slight agreement; 0.21-0.4 = fair agreement; 0.41-0.6 = moderate agreement;

0.61-0.8 = substantial agreement; >0.81 = near-perfect agreement (Ref. 16).

A per breast final assessment of 3, 4, or 5 was considered positive, while 1 or 2 was considered negative. The number of breasts called positive or negative at
10 min/view varied among the four readers; the ratio corresponding with minimum and maximum percentage is given in the range.
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Acquisition

Duration 2.5 min 5 min

Assessments: 2, 3, 3, 4

(Avg) (3) 3)
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7.5 min

3,344
(3.5)

FiG. 5. In this patient with a 0.8 cm tubular carcinoma, low-dose MBI was performed with 296 MBq injection Tc-99 m sestamibi and acquired in eight
dynamic frames. Images representing acquisition durations of 2.5, 5, 7.5, and 10 min/breast view were simulated by summing counts from either two, four,
six, or eight frames, respectively. Images were acquired with optimized collimation and wide energy window. The average final assessment and individual
assessments from four readers are provided, where an assessment of 3 or higher is considered positive.

individual patient variability across right and left breasts and
a generally higher count density in MLO views compared to
CC views, due to increased uptake in the pectoralis muscle
included on MLO views. However, count rate was generally
steady throughout the duration of the exam, showing only a
slight downward trend consistent with decay of the Tc-99 m
(t;p=6h). The median count density observed across all
views for the 19 patients evaluated was 156 counts/cm”
acquired per 1.25min frame per 296 MBq injected activity
(=1247 counts/cm’ per total 10 min view), with a standard
deviation of 39 and range of 95-259 counts/cm?.
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IV. DISCUSSION AND CONCLUSION

We investigated the effects of two count sensitivity
improvement strategies, collimation optimized for count sen-
sitivity and wide energy acceptance window, on MBI per-
formed in patients. With these methods, we found the median
gain of over 4 times the count sensitivity in patient studies,
permitting a proportional reduction in the necessary adminis-
tered dose of Tc-99 m sestamibi. Tests performed in phantoms
in Part T of this work indicated that spatial resolution is
slightly degraded with the count sensitivity improvement
methods but still allows adequate resolution of tumors as

Right CC Right MLO

20

30

Time post-injection (min)

FiG. 6. The count density (counts/cm? in a 1.25 min frame) measured in 19 MBI clinical studies as a function of time postinjection of 296 MBq Tc-99 m sesta-
mibi. Studies were performed with optimized collimation and wide energy window. The patient with the median count density is highlighted in bold.
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small as ~0.6 cm using a dual-head MBI detector. In Part II
of this work, small breast cancers (0.6—-1.0 cm included in this
study) were likewise detected following the count sensitivity
improvement methods.

A larger overall gain in count sensitivity was observed in
patients (4.2x) compared to the gain previously observed in
phantoms (2.8-3.6x) with implementation of both optimized
collimation and wide energy window. When considering the
collimation optimization alone, the gain in count sensitivity
was similar in patients compared to phantom results. How-
ever, the use of a wider energy acceptance window led to
greater gains in count sensitivity in patients than observed in
phantoms. This difference is likely because the phantom ge-
ometry only modeled the breast, and in patient imaging, addi-
tional counts from the patient’s torso can be present in the
image. We did note that although use of a wider energy win-
dow allowed a substantial number of additional photopeak
events from the breast, it also increased the amount of scatter
at the chest wall edge of the image. Williams et al. previously
demonstrated the varying scatter contribution in the energy
spectra as a function of distance from the chest wall.'”
Although not explored in this work, it may be beneficial to
apply a standard energy window at the chest wall and the
wider energy window for pixels away from the chest wall
edge.

The lesion detection study demonstrated similar sensitiv-
ity, specificity, and a high level of agreement in reader’s
assessment scores, as determined by kappa statistic,
between interpretations of the 296 MBq, 10 min/view low-
dose MBI images and those interpreted from images with
shorter acquisition durations. It should be noted, however,
that although kappa statistic as performed in this study
gives a measure of reproducibility of interpretations, it is
not sensitive to important diagnostic implications of assess-
ment scores. For instance, an assessment scores of 2, con-
sidered negative and a score of 3, considered positive, may
yield a high level of agreement according to the kappa
calculation.

These preliminary findings may indicate that MBI could
be performed with either acquisition durations lower than
10 min/view or count densities corresponding to doses of Tc-
99 m sestamibi lower than 296 MBq while maintaining a
high sensitivity and specificity. If high diagnostic accuracy
can be subsequently demonstrated using a 148 MBq admin-
istered dose of Tc-99m sestamibi, this may represent the
optimal dose in the setting of screening MBI at 2-yr inter-
vals, as the effective dose to the patient would be compara-
ble to that of annual screening mammography. A trial is
currently in progress at our institution to evaluate the effi-
cacy of low-dose screening MBI in women with mammo-
graphically dense breasts performed with injected doses of
296 and 148 MBq Tc-99 m sestamibi.

As we implement these technical enhancements in clinical
practice, a key assumption in this work is that a reduction in
image acquisition duration is equivalent to a proportional
reduction in the administered dose of Tc-99 m sestamibi. This
implies that a change in the absolute injected amount of the
drug sestamibi does not elicit a change in its biodistribution.
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This assumption is consistent with the radiotracer principle,
with the known behavior of sestamibi in the body,18 and with
the absence of any reported finding of a dose-dependent effect
from over 15yr of clinical use of sestamibi in oncology or
cardiology. Hence, the demonstration of high diagnostic accu-
racy of low-dose MBI obtained with 296 MBq Tc-99 m sesta-
mibi and 5 min/view acquisitions, as found in this study,
would indicate that high diagnostic accuracy should also be
obtained with an administered dose of 148 MBq Tc-99 m ses-
tamibi and 10min/view. We have demonstrated that the
uptake of Tc-99m sestamibi occurs rapidly and remains
steady throughout the course of ~50min exam time (Fig. 6),
indicating a lack of any significant uptake and washout effects
of the tracer in this time period. This finding is consistent
with previous studies that have shown rapid uptake in breast
tissue (1-3min) after injection,'” and long term stability of
sestamibi uptake in breast tumor cells.*

Although we have shown that adequate MBI image qual-
ity can be obtained with count densities corresponding to
296 MBq administered dose and 5 min/view acquisitions, we
have yet to extensively demonstrate the feasibility of gener-
ating acceptable clinical images with administered doses of
148 MBq Tc-99 m sestamibi. In this work, two patients who
received a 148 MBq injection of Tc-99m sestamibi were
included (Fig. 1). In both patients, count densities greater
than 800 counts/cm? in 10 min-views were achieved, giving
excellent image quality. As this administered activity is
much lower than that typically used for other nuclear medi-
cine procedures, use of such a low dose in clinical practice
makes it important that additional measures are taken to
ensure accurate calibration of the dose to imaging time and
to minimize residual activity in the needle and injection set-
up following injection.

We conclude that low-dose MBI performed with an
administered dose of 296 MBq Tc-99 m sestamibi, a dual-
head CZT-based MBI system, and the optimized registered
collimation and wider acceptance window designed for this
type of system, can provide adequate diagnostic image qual-
ity for detection of small breast cancers. Our preliminary
findings also suggest that similar diagnostic accuracy may be
achievable at even lower count densities, achieved either
through further reductions in administered dose or acquisi-
tion duration.
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