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In 1995, approximately 257,000 cases of cancer were
diagnosed in the United States, with nearly 72,000
cases of breast cancer accounting for nearly 20,000
deaths.1 By 1999, this number had risen to more than
600,000 cases of cancer, of which more than 175,000
were cases of breast cancer, which accounted for some
43,300 deaths.2 The ability to detect and treat breast
cancer is dependent on monthly breast self-examina-
tions, physician breast exams, mammography, and
most recently magnetic resonance imaging and breast
scintigraphy. Concerns over false-negative and false-
positive mammograms and their effects on women
and their families have emphasized the need to
improve the accuracy of detecting breast cancer.3-6

Scintigraphy imaging for heart disease and cancers
has been employed for decades, and with the develop-
ment of technetium compounds,7 the accuracy of
detecting each has increased significantly.

Considerable research has demonstrated that rest-
ing sestamibi (technetium-99m hexakis 2-
methoxyisobutylisonitrile [Miraluma]) imaging of
the breast without quantification has sensitivity and
specificity comparable to mammography for the
detection of breast cancer.8-15 This approach is referred
to as resting, since the study is performed while the
patient is resting on a table without any efforts to
enhance or change blood flow. Additional research
has shown that technetium-labeled compounds can

also be used to evaluate lymph nodes, including senti-
nel node staging of breast cancer.16-18

In early 1999, 10 women with a history of heart dis-
ease and abnormal mammograms were initially
imaged using standard resting (Miraluma) protocols.
These same women were then studied less than 1 week
later19 to search for evidence of heart disease prior to
breast biopsies using high-dose dipyridamole (HDD)
imaging following a protocol we have previously
reported in the literature.20-22 HDD causes vasodilation
of blood vessels and enhanced delivery of the isotope.
It works via the release of endogenous adenosine from
vascular endothelial cells. When these cells are normal
(i.e., not diseased/dysfunctional), the blood vessels
dilate, subsequently carrying more blood and isotope.
This approach has been shown to increase the accu-
racy of detecting heart disease without reducing coro-
nary blood flow or precipitating myocardial injury.20-22

In an effort to determine whether simultaneous
imaging of the breast and heart could be performed in
these women, we compared the 2 studies (breast and
heart) and determined that breast imaging, which
requires 925 to 1110 MBq, could be incorporated into
the cardiac study immediately after pharmacologic
stress (HDD) was completed. This approach allowed
for equal amounts of sestamibi to be given in both the
resting (Miraluma) study and the post-HDD condition
so that a tête-à-tête PLEASE REWORD “TÊTE-À-
TÊTE” comparison of the 2 breast images could be
made. When these initial studies were compared, sig-
nificantly greater isotope activity was seen in the post-
HDD studies in regions of inflammatory changes of
the breast and cases of breast cancer. No significant
differences occurred in the normal breast images.
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The breast-imaging component following HDD
infusion was later named the breast enhanced
scintigraphy test (BEST), since isotope delivery to the
breast was enhanced following HDD-induced
vasodilation.20-22 Further enhancement of the image
resulted from displaying the results in a blue-green
color format (instead of black and white), thereby
eliminating false positives reported when reading
black-and-white resting (Miraluma) images and mak-
ing it easier to identify regions of greatest isotope
activity.

To further evaluate BEST imaging, 100 women
were prospectively studied and the following ques-
tions were asked: (1) What is the sensitivity (ability to
detect the presence of disease when present) and
specificity (the ability to detect the absence of disease
when absent) of BEST imaging in detecting breast
cancer? (2) How does BEST imaging compare with
the results of mammographic detection of breast can-
cer? (3) Can BEST imaging be used to distinguish
more than just the presence or absence of cancer (i.e.,
is there a quantitative maximal count activity [MCA]
following BEST imaging that distinguishes between
normal breast tissue, inflammatory changes of the
breast, and breast cancer)?

Methods

Subject Enrollment
One hundred women were studied from February
1999 to February 2001, ranging in age from 27 to 88
years. Women were enrolled in the study if they had an
abnormal mammogram (58) and/or a palpable mass
(3) or expressed an interest in participating in a breast
cancer detection study. Women were excluded from
the study if they were pregnant or breastfeeding. Sub-
jects underwent mammography and signed institu-
tional consent forms prior to BEST imaging and/or
surgical procedures. Mammography and BEST imag-
ing were completed within 2 weeks of each other.

BEST
Each woman was studied in the fasting state, with em-
phasis on avoiding caffeine prior to the study, which
would inhibit the vasodilatory character of HDD. An
intravenous catheter was placed in the right arm un-
less there was concern about a mass in the right breast,
in which case the catheter was placed in the
contralateral (left) arm. Patients were placed in the su-
pine position, and the intravenous catheter was con-
nected to intravenous tubing, through which HDD
and sestamibi were delivered. Dipyridamole was in-
fused during the first 4 minutes of the study.20-22 Two
minutes later, 925 to 1110 MBq of sestamibi was in-

fused. Continuous monitoring of the electrocardio-
gram was performed in addition to blood pressure
monitoring every 2 minutes.

Breast imaging begins with the patient placed in a
prone position on a padded surface with removable
padding inserts. This allows each breast to be posi-
tioned independently through the padding in a com-
fortable position once the padding inserts are
removed. As shown in Figure 1, planar breast imaging
then begins, first with one breast (BrQL) and then the
other (BrCL). Patients are then placed on their back
for the anterior (BrAS) image of both breasts. Areas of
special concern (BrQ1, BrQ2) are then studied in the
prone position. This technique requires no breast
compression. The total time from the beginning of
the procedure to the completion of breast imaging
can be up to 60 minutes, although breast imaging typi-
cally requires 30 minutes following the HDD infusion.

Breast image acquisition and reconstruction were
performed using a Siemens orbiter single photon
emission computed tomography camera with 75
photomultiplier tubes and a 128 by 128 matrix. The
images are acquired with the camera head in a station-
ary (planar) position. The camera, computer, and
software providing quantification of MCA were sup-
plied by NC Systems (Boulder, CO). A low-energy,
high-resolution collimator was used, which had a reso-
lution of 3.4 mm.

Interpretation of BEST Imaging Results
Images were reconstructed using the NC Systems soft-
ware. Following reconstruction, images were dis-
played initially in black and white and then converted
into a blue-green format for interpretation, as shown
in Figure 2. The blue-green image format was used to
determine whether an abnormality was present or ab-
sent in either breast. An example of the appearance of
normal breast tissue, inflammatory breast changes,
and breast cancer is shown in Figure 2.

Following the image reconstruction and presenta-
tion of each breast image, the region of greatest MCA
was determined and quantified. This assessment of
MCA was performed using computer assessment of
MCA as measured and displayed on the computer
monitor. All readings and determination of MCA were
determined for each breast prior to any knowledge of
clinical, mammographic, or pathologic information
that could in any way bias the results. These proce-
dures were performed at a recognized center of excel-
lence for nuclear procedures under the direct supervi-
sion of a physician boarded in nuclear imaging.

Mammography
Subjects underwent mammography using conven-
tional cephalocaudal and medial-lateral oblique pro-
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jections. Trained and boarded radiologists who
routinely perform mammography services and were
considered experts by their peers interpreted results.
These results were later compared with the results ob-
tained from BEST imaging and biopsy results.

Tissue Specimens
Following the diagnostic studies (mammography and
BEST imaging), biopsies were performed on 60 of the
100 women. These biopsies were performed by needle
biopsy, open biopsy, or when possible by endoscopic
visualization of breast tumors23 (ductoscopy). Biopsies
were performed on those women who had an abnor-
mal mammogram suspicious for breast cancer, an ab-
normal BEST image, or a palpable mass on initial
referring physician physical examination. Biopsies
were not performed on women with both a normal
mammogram and a normal BEST image. Examples of
ductoscopy images are shown in Figure 2, including
examples of normal, inflammation, and breast cancer.
These results match results obtained from BEST imag-
ing, as shown in Figure 2. The results of pathology
specimens were then compared with the results ob-
tained by mammography and BEST imaging.

Statistical Analysis
Outcomes were based on pathologic information ob-
tained from surgical specimens acquired following di-
agnostic studies. The sensitivity and specificity for
both mammography and BEST imaging were then de-
termined. MCA from BEST images was determined
for each breast and compared with the results of surgi-
cal specimens. Mean ± standard deviation, confidence
intervals, and other descriptive statistics were then de-
termined for normal breast tissue, inflammatory
breast changes, and breast cancer. Differences in MCA
between these 3 groups were then compared using a 2-
tailed t test analysis in addition to a simple linear re-
gression of MCA.

Results
One hundred women, including 91 Caucasians, 5 His-
panics, 2 African Americans, and 2 women of Mediter-
ranean origin, ranging in age from 29 to 88 years (51 ±
11) were studied over a 2-year period of time using
mammography and BEST imaging to determine
whether they had breast cancer. No differences in out-
comes were found based on age or race.
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Figure 1 Sequence of imaging following the breast enhanced scintigraphy test (BEST) protocol. The BEST procedure is performed
beginning with the placement of an intravenous catheter in the right antebrachium, or the left antebrachium if there is a specific
question with regard to cancer in the right breast. The study is divided into the pharmacologic stress component, where
dipyridamole is used to enhance blood flow and tracer delivery to the breasts, and the breast imaging component, where planar
images of the breasts are acquired.The imaging sequence consists of BrQL (lateral view of breast in question or the right breast
if neither breast is specifically suspected of having an abnormality), BrCL (lateral view of the breast contralateral to BrQL), BrAS
(anterior view of breasts), PO BrQ1 (posterior oblique view of first breast noted to have abnormal activity on initial views), and
PO BrQ2 (posterior oblique view of the other breast if its activity is abnormal).



Based on the biopsy specimens, breast cancer was
present in 8% (16 of 200) and inflammatory changes
(e.g., fibrocystic disease) were present in 43.5% (87 of
200) of the breast images. The remaining 48.5% (97 of
200) were normal. Assuming that each of the 40
nonbiopsied women had “truly” normal breasts with-
out cancer, then mammography demonstrated a sensi-
tivity and specificity of 69% and 84% compared with
100% for BEST in the detection of breast cancer.
Mammography and BEST imaging agreed 76% of the
time with regard to the presence or absence of cancer.
In 5 of the 16 cases of breast cancer, the mammogram
failed to detect the cancer that was discovered by BEST
imaging. Excluding those women who did not
undergo biopsies who had normal-appearing

mammograms and BEST imaging studies, the sensitiv-
ity and specificity of mammography were 68.7% and
66%, respectively, whereas BEST imaging continued
to have 100% sensitivity and specificity.

The descriptive statistics for MCA outcomes for
each of the 3 (normal, inflammatory breast changes,
and breast cancer) groups are shown in Figure 3. The
MCA in normal breast tissue was 144 ± 30 with a 95%
confidence interval (CI) of 138 to 150. The MCA in
normal breast tissue was 209 counts. Inflammatory
breast tissue had an MCA of 229 ± 50, whereas breast
cancer MCA was 446 ± 80. The 95% CI for inflamma-
tory changes of the breast ranged from 219 to 240,
whereas the 95% CI for breast cancer ranged from 404
to 489.
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Figure 2 Examples of normal, inflammation, and breast cancer. In the top row are 3 lateral projections obtained showing normal, inflam-
mation, and breast cancer. Each image is displayed in the blue-green color format with regions of maximal activity determined
by computer analysis of each breast.The region of maximal activity for the normal breast was 142, whereas the region of great-
est activity in the breast with inflammation was 192. The breast with breast cancer had a maximal count activity of 402. Breast
cancers as small as 4 mm can be identified by this method. In the second row of images, there is an example of normal (far left),
inflammatory breast changes (middle), and breast cancer (far right) as seen using ductoscopy to identify these same regions.



Figure 4 represents the graphical depiction of MCA
for each of the 3 groups. The graph displays the
median activity seen in each of the 3 groups, along
with minimal and maximum activity measured. Figure
4 also displays confidence data. The results of 2-tailed t
test analysis demonstrated statistically significant dif-
ferences between normal and inflammatory MCA (P ≤
.001), between inflammatory and breast cancer MCA
(P ≤ .001), and between normal and breast cancer
MCA (P ≤ .001). Regression analysis demonstrated a
high correlation of 0.84 between the MCA and
changes in the breast.

Discussion
Breast cancer is the second (heart disease is number
one) leading cause of death among U.S. women,24 with
1 in 8 women developing breast cancer in their life-
time. Prior efforts to increase the diagnostic accuracy
of detecting breast cancer have had some, but limited,
success. Similar limitations existed in the detection of
heart disease using exercise stress and thallium-201
imaging; however, using a different group of isotopes
(e.g., sestamibi) and combining these with pharmaco-
logic stress (e.g., HDD)20,21,25 agents resulted in im-
proved detection of coronary artery disease. Efforts to
apply sestamibi imaging to the detection of breast can-
cer have primarily used resting (Miraluma) studies to
search for increased mitochondrial activity typical of
cancers. However, these resting studies yielded results
equivalent to mammography and provided little addi-
tional information.

Our initial efforts to combine the evaluation of
breast cancer and heart disease imaging were possible
by combining the 2 studies and imaging the breasts
after the administration of the recommended 925 to
1110 MBq of sestamibi. To do these 2 tests
simultaneously26 required that the breast imaging fol-
low HDD pharmacologic stress as shown in Figure 1.
The initial studies demonstrated a greater count activ-
ity in the breast tissue in regions of inflammation, cel-
lular atypia, and cancer than was seen during resting
studies26 of the same individuals given the same
amount of isotope.

This increased uptake in regions of inflammatory
changes and abnormal breast cancer tissue, but not in
regions of normal breast tissue, is consistent with the
increased blood supply expected from (1) increased
blood supply in regions of inflammation, as the body is
responding to the inflammation, and (2) the
increased vascularity of tumors. These changes when
quantified for MCA demonstrated statistically signifi-
cant differences between normal, inflammatory
breast changes, and breast cancer. This increased
MCA is a reflection of the number of mitochondria

present and the vascularity of the site. Hence, the
detection of MCA less than 210 reflected normal
breast tissue without increased vascularity or
increased mitochondrial activity. This would clearly be
different in lactiferous breasts and would require that
breastfeeding and milk production return to baseline
levels before BEST imaging is scheduled, not only for
the purpose of study accuracy but also for the safety of
the baby.

Increased MCA between 130 and 320 is seen in
breasts with inflammatory changes. This increased
activity is the result of increased vascularity secondary
to the inflammatory response and the increased mito-
chondrial activity present with leukocytes, monocytes,
and so on when compared with normal breast tissue.
The ability to distinguish these inflammatory sites
from normal breast tissue is dependent on the presen-
tation of breast images in the blue-green color format.
The initial computer presentation of images in black
and white26 demonstrated false-positive artifacts also
reported in Miraluma studies. Visual discernment by
the human retina is optimized in the yellow-green part
of the color spectrum. The display of images in the
blue-green color format should theoretically result in
enhanced detectability of normal and abnormal
image appearance. The overlap between normal and
inflammatory changes is perhaps less important, since
neither represents, nor is confused with, breast
cancer.

Although some experts may agree to disagree
about whether all anaplastic, dysplastic, or metaplastic
cells will become “cancers,” it has been clearly shown
that cancers are dependent on their blood supply to
maintain their growth and viability. Similarly, the
heart requires a certain amount of blood supply to
meet its needs and when coronary artery disease is suf-
ficiently advanced to result in angina,2 0 , 2 1 , 2 7

neovascularization/angiogenesis may occur following
the release of any of a number of vascular growth fac-
tors.27 These same growth factors are released from
cancers,28,29 providing increased blood supply
(neovascularization/angiogenesis) to the cancer.
Thus, the increased vascularity associated with cancers
allows HDD to further increase delivery of the isotope
to the cancer until MCA exceeds 270. Lesions with
MCA from 270 to 320 may represent early cancers,
which are increasing their angiogenic factors and sub-
sequent blood supply. This is perhaps the earliest diag-
nostic marker that a lesion will become a cancer unless
removed, since these cells have transitioned from cells
that had produced more vascular inhibitory factors to
cells with more stimulatory factors for angiogenesis.
The use of BEST imaging can identify abnormalities as
small as 4 mm in size.
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Conclusion
The true enhancement of the BEST is a 4-fold process
that takes advantage of the increased mitochondrial
activity and angiogenesis present in inflammatory and
cancerous states. First, the use of a low-energy, high-
resolution collimator increases the resolution and al-
lows for the detection of lesions as small as 4 mm in di-
ameter. Second, the enhanced delivery of isotope
through augmentation of blood flow following the ad-
ministration of HDD takes advantage of increased
blood supply resulting from either inflammatory in-
creases in blood supply or angiogenesis resulting from
tumor angiogenic factors, neither of which is seen in
normal breast tissue. Third, the presentation of im-
ages in the blue-green color format improves reader
interpretation of abnormal regions, eliminating false
positives. The fourth and final component is the quan-
tification of MCA guided by the blue-green image of
the breast. This technique requires a quantitative pro-
gram that allows operator manipulation to determine
the site of greatest MCA as guided by the computer
measurement of isotope count activity. The subse-
quent biopsy of these sites should optimally be accom-
plished with handheld probes to localize the site of
MCA, although blind biopsies have also successfully
localized the regions of interest.

The use of BEST imaging combines 2 fields of vas-
cular abnormalities, cardiology and oncology, into a
single diagnostic approach, which enhances the
detection of breast cancer and distinguishes it from
inflammatory changes of the breast and normal breast
tissue by quantification of MCA resulting from differ-
ences in mitochondrial activity and blood flow.
Although BEST imaging takes longer to complete
than mammography, this study clearly demonstrates
that BEST imaging is more accurate than mammogra-
phy in distinguishing breast cancer from inflamma-
tory changes of the breast or normal breast tissue, and
can identify abnormalities as small as 4 mm.
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jecting above and below the rectangular box plots represent the minimum and maximum values reported.
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