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Purpose: To prospectively and intraindividually compare dedicated
breast computed tomographic (CT) images with screen-
film mammograms.

Materials and
Methods:

All patient studies were performed according to protocols
approved by the institutional review board and Radiation
Use Committee; informed consent was obtained. A breast
CT scanner prototype was used to individually scan un-
compressed breasts in 10 healthy volunteers (mean age,
52.1 years) and 69 women with Breast Imaging Reporting
and Data System category 4 and 5 lesions (mean age, 54.4
years). In women with lesions, breast CT images were
compared with screen-film mammograms by an experi-
enced mammographer and ranked with a continuous scale
of 1–10 (score 1, excellent lesion visualization with CT and
poor visualization with mammography; score 5.5, equal
visualization with both modalities; and score 10, poor visu-
alization with CT and excellent visualization with mam-
mography). A Wilcoxon signed rank procedure was used
to test the null hypothesis that ratings were symmetric at
about a score of 5.5 for the entire group and for distin-
guishing microcalcifications versus masses and other find-
ings and benign versus malignant lesions and for effect of
breast density on lesion visualization. Women were asked
to compare their comfort during CT with that during mam-
mography on a continuous scale of 1–10. With a Wilcoxon
signed rank procedure, the null hypothesis that comfort
ratings were symmetric about a score of 5.5 (equal com-
fort with CT and mammography) was tested.

Results: Overall, CT was equal to mammography for visualization
of breast lesions. Breast CT was significantly better than
mammography for visualization of masses (P � .002);
mammography outperformed CT for visualization of mi-
crocalcifications (P � .006). No significant differences be-
tween CT and mammography were seen among benign
versus malignant lesions or for effect of breast density on
lesion visualization. Subjects found CT significantly more
comfortable than mammography (P � .001).

Conclusion: Some technical challenges remain, but breast CT is prom-
ising and may have potential clinical applications.
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Breast cancer screening by using
screen-film mammography has
led to a substantial reduction in

mortality (1); however, all cancers are
not detected with screen-film mammog-
raphy (2,3). Evidence has shown that
digital mammography outperforms
screen-film mammography for women
with denser breast tissue (4). Despite
the improvement in screening accuracy
with the use of digital mammography
compared with screen-film mammogra-
phy, overlying normal breast tissue can
still obscure a breast lesion and hinder
detection and/or diagnosis. Digital
breast tomosynthesis (5), a form of lim-
ited-angle tomography, has been devel-
oped as one approach to improve the
accuracy of breast cancer screening.
Contrast material–enhanced magnetic
resonance (MR) imaging, with its mul-
tiplanar imaging capabilities, is being
used to screen women at high risk for
breast cancer (6,7) and also for other
specific diagnostic situations, but it is
expensive and access is limited. In our
laboratory, we have developed a dedi-
cated breast computed tomographic
(CT) system capable of cone-beam CT
of the breast. This system provides full
tomographic imaging of the breast for

either screening or diagnostic breast ex-
amination.

The concept of breast CT was stud-
ied in the 1970s in the early years of CT
technology development (8–12). The
system produced CT images of the
breast, which was immersed in a water
bath, with voxels measuring 1.53 �
1.53 � 10 mm. The voxel volume of the
cone-beam breast scanner developed at
our institution is 2500 times smaller
than the early prototype system of a
generation ago. Other investigators
(13–15) are studying the potential of
breast CT by using cone-beam detector
systems, but to our knowledge, there
have been no clinical series yet re-
ported. Thus, the purpose of our study
was to prospectively and intraindividu-
ally compare dedicated breast CT im-
ages with screen-film mammograms.

Materials and Methods

Technical Aspects of Dedicated Breast CT
The breast CT scanner prototype was
designed at the University of California,
Davis, Sacramento, Calif, by using off-
the-shelf components where possible. A
water-cooled tungsten anode x-ray tube
(Comet, Flamatt, Switzerland) was in-
corporated into the scanner, with a
0.40 � 0.40-mm focal spot and 0.30 mm
of added copper filtration. A flat-panel
x-ray detector (Paxscan 4030CB; Var-
ian Imaging Systems, Palo Alto, Calif)
that was 40 cm wide and 30 cm tall was
used, and this cesium iodide indirect
detector bins 2 � 2 pixels to achieve
30–frame per second acquisition rates
at a pixel matrix of 1024 � 768, result-
ing in 0.388-mm pixel dimensions at the
detector. Projected back to the CT

scanner isocenter as is the norm in CT,
the detector elements measure approx-
imately 0.208 mm. The gantry rotates in
the horizontal plane and is powered by
an integrated bearing-motor-encoder
system (Kollmorgen, Radford, Va).

The commercially available compo-
nents described previously were inte-
grated into the design of a pendant-ge-
ometry breast CT scanner (Fig 1). A
local machine shop was used to fabri-
cate the individual components for the
frame, tabletop, gantry, and other com-
ponents, and the breast CT scanner was
fabricated in our laboratory. After com-
puter integration, the system was fully
characterized in terms of its image qual-
ity performance.

Each breast is scanned individually
without compression in the pendant po-
sition while the patient lies prone on the
scanning table. The scan field of view
measures 21 cm in diameter. At 30
frames per second, 500 cone-beam pro-
jection images are acquired 360°
around the patient’s breast in 16.6 sec-
onds. The breast CT technique factors
(tube voltage and tube current–time
product) were calculated to deliver the
same mean glandular radiation dose to
the breast as does two-view mammog-
raphy, on the basis of Monte Carlo anal-
yses performed for this purpose (16).
Women with larger and denser breasts
receive a greater radiation dose inAdvances in Knowledge

� Overall, breast CT images were
approximately equal to screen-
film mammograms for visualiza-
tion of breast lesions.

� Breast CT images were signifi-
cantly better than screen-film
mammograms for visualization of
masses (P � .002), but screen-
film mammograms were signifi-
cantly better than breast CT im-
ages for visualization of microcal-
cification lesions (P � .006); there
were no significant differences in
the two types of images for distin-
guishing benign versus malignant
lesions or for effect of breast den-
sity on lesion visualization.

� Women found breast CT to be
significantly (P � .001) more
comfortable than screen-film
mammography.

Implication for Patient Care

� Dedicated breast CT is currently
investigational but may eventually
have applications in screening or
diagnostic evaluation for breast
cancer, as a more accessible re-
placement for breast MR imaging
or as a guidance method for ro-
botic breast biopsy or tumor abla-
tion procedures.
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mammography, and the technique fac-
tors in the breast CT scanner are also
increased for larger and denser breasts
in order to keep x-ray quantum noise to
a reasonable level. The scanner has
been used almost exclusively at 80 kVp,
with tube current–time product values
from 50 to 120 mAs, depending on
breast size. For patients with smaller
breasts (12-cm breast diameter at the
chest wall), the mean glandular dose
was approximately 2.5 mGy; for pa-
tients with typical breast size (14-cm
breast diameter at the chest wall), the
mean glandular dose was approximately
6.0 mGy; and for women with larger
breasts (16-cm breast diameter at the
chest wall), the mean glandular dose
was about 10.3 mGy.

The projection images are used to
reconstruct 300–500 512 � 512 images.
The native reconstructed CT images are
produced in the coronal plane, but the
complete volume data set can be used to
produce tomographic images in any off-
axis orientation. Breast CT images for
our study were viewed in stack mode
(sequentially) at a flat-panel liquid crys-
tal display monitor in the coronal, sagit-
tal, and transverse planes by using soft-
ware developed specifically for breast
CT. Contrast and brightness could be
manipulated for optimal viewing, and a
zoom function was available. The sec-
tion width thickness could also be ad-
justed.

Pilot and Clinical Studies
Patient scanning began on November 22,
2004, following institutional review board
approval. All patient studies were per-
formed according to protocols approved
by the institutional review board; in-
formed consent was obtained from each
participant. Because of the nature of this
study, institutional review board approval
required additional approval from the Ra-
diation Use Committee and the Cancer
Center Scientific Review Committee,
both of which were obtained. The breast
CT technique factors were adjusted to de-
liver a mean glandular dose to the breast
comparable to that from each woman’s
two-view mammographic examination.
The consent form described the risks as-
sociated with the additional radiation of

the breast CT scans by using nomencla-
ture defined by the institutional review
board and Radiation Use Committee. The
study was conducted in compliance with
Health Insurance Portability and Ac-
countability Act regulations.

A pilot study of 10 healthy volunteers
(mean age, 52.1 years; range, 40.0–67.3
years) was performed to assess the qual-
ity of the breast CT images, the feasibility
of a 16.6-second breath hold, breast po-
sitioning in the scanner, and the patient’s
level of comfort during the breast CT ex-
amination. Breast CT image quality and
positioning were assessed by a mammog-
rapher (K.K.L., with more than 20 years
of experience in breast imaging). Breast
CT images were subjectively assessed for
contrast, motion blur, and anatomic de-
tail. The breast CT images were exam-
ined for centering within the scanner. All
women were asymptomatic and had neg-
ative findings at screening mammography
performed within 6 months prior to
breast CT. Immediately after their breast
CT study, women were asked to complete
a questionnaire in regard to their comfort
during breast CT. They were asked to
rate the comfort of their position on the
breast CT table (from 1 for poor to 10 for
excellent), how difficult it was for them to
hold their breath during the examination
(from 1 for very difficult to 10 for not at all
difficult), and their overall comfort level
during breast CT (from 1 for very uncom-
fortable to 10 for extremely comfortable).
Volunteers were also asked to compare
their comfort level during breast CT with
their comfort level during screen-film
mammography (from 1 for much worse
than screen-film mammography to 10 for
much better than screen-film mammogra-
phy). Additional comments in regard to
their experience with breast CT were so-
licited in writing on the questionnaire.

For the clinical study of breast CT,
69 symptomatic and asymptomatic
women (mean age, 54.4 years; range,
35.7–82.0 years) with Breast Imaging
Reporting and Data System (BI-RADS)
category 4 or 5 lesions after diagnostic
breast imaging were asked to undergo
bilateral unenhanced dedicated breast
CT prior to core biopsy. Women with
BI-RADS category 3 lesions who re-
quested biopsy instead of short-interval

follow-up were also eligible. All four of
the mammographers at our institution
(including K.K.L.) recruited these pa-
tients in a sequential manner. Recruit-
ment occurred at the time the patient
was given her diagnostic breast imaging
results. Concordance between screen-
film mammography and breast CT was
determined with lesion location, type,
and size. Women who underwent
breast CT were also asked to complete
the comfort questionnaire mentioned
previously at the conclusion of the ex-
amination.

To assess the conspicuity of abnor-
malities, breast CT images of the af-
fected breast only were compared with
conventional screen-film mammograms
by using the craniocaudal and mediolat-
eral oblique views only; no other images
from diagnostic imaging studies were
included in the comparison. Lesion con-
spicuity on breast CT images compared
with that on screen-film mammograms
was subjectively assigned a score by an
experienced mammographer (K.K.L.)
on a continuous scale from 1 to 10,
where 1 indicated excellent conspicuity
on breast CT images and poor conspicu-
ity on screen-film mammograms, 5.5
indicated equal conspicuity with both
types of images, and 10 indicated poor
conspicuity on breast CT images and ex-
cellent conspicuity on screen-film mam-
mograms. The comparison was non-
blinded, as this report describes our ini-
tial clinical experience. Breast CT was
the initial study for which findings were
interpreted for the comparison; if the

Figure 1

Figure 1: Schematic drawing of dedicated
breast CT scanner shows patient lying prone with
breast pendant through table aperture. Breast CT
source and detector rotate 360° around patient’s
breast.
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lesion was not identified on the breast
CT image, the screen-film mammogram
was examined and, with the knowledge
of findings from it, the breast CT image
was then reinterpreted for the compar-
ison.

Women in the clinical study were
categorized into a group with palpable
breast masses and an asymptomatic
group. Lesions were classified according
to type (microcalcification lesions, masses,
or other findings) and were correlated
with the pathologic results from the
core biopsies. Lesion size was calcu-
lated from the screen-film mammo-
gram. Breast density (fatty replaced,
scattered fibroglandular densities, het-
erogeneously dense, or dense) was eval-
uated by using the screen-film mam-
mography report, and the number of
types of lesions, classified according to
breast density, was tabulated.

Results of the comparison of breast
CT with screen-film mammography for
lesion conspicuity were analyzed for the
study group as a whole and also accord-
ing to the type of lesion (microcalcifica-
tion lesions vs other lesions) seen on the
mammogram, the pathologic diagnosis
(benign vs malignant lesions), and the
type of breast density as described in
the mammography report. Breast CT
images were also examined for inclusion
of posterior tissue, and the number of
women in whom the pectoralis major
muscle was visualized on a breast CT
image was tabulated.

Patients were excluded from the com-
parison of breast CT with screen-film
mammography if the breast CT image
was judged to be of poor technical quality
because of motion blurring or the lesion
was out of the field of view on the breast
CT image. Breast CT studies were not
repeated in these women. These women
were excluded from the study because le-
sion conspicuity on breast CT images
could not be assessed.

A study of contrast-enhanced breast
CT in four patients with BI-RADS cate-
gory 5 mass lesions who were randomly
selected and who consented to contrast
agent administration was also performed.
One hundred milliliters of iodixanol injec-
tion, 320 mg of iodine per milliliter (Visi-
paque 320; GE Healthcare, Princeton,

NJ), was injected intravenously by using a
power injector (Mark V Plus; Medrad,
Pittsburgh, Pa) during 25 seconds, and
breast CT was performed after a 90–140-
second delay. Contrast-enhanced breast
CT images were subjectively compared
with mammograms (K.K.L.). Only one of
these women underwent unenhanced
breast CT, and that examination was also
included in the clinical study comparison,
as described before; the other three
women who underwent contrast-en-
hanced breast CT only were not included
in the clinical study comparing unen-
hanced breast CT with screen-film mam-
mography. All four women who under-
went contrast-enhanced breast CT com-
pleted the comfort questionnaire.

Statistical Analysis
The quantitative data resulting from the
radiologist’s comparison between breast
CT and screen-film mammography
(overall and according to type of lesion,
pathologic diagnosis, and type of breast
density) and the patient ratings for com-
fort of the procedure were summarized
descriptively by using univariate statis-
tics (mean, median, standard deviation,
range). We then calculated the 95%
confidence intervals for the median rat-
ing by using a bootstrap procedure (17).
For questions that asked the patient or
the radiologist to compare breast CT
with screen-film mammography, a rat-
ing of 5.5 on a scale of 1 (for strongly
prefer mammography or mammogra-
phy was much better) to 10 (for strongly
prefer CT or CT was much better)
would correspond to a rating of no pref-
erence. For these questions, we tested
the null hypothesis that the ratings were
symmetric about 5.5 by using a Wil-
coxon signed rank procedure. All statis-
tical analyses were performed by using
software (SAS/STAT; SAS Institute,
Cary, NC), and all tests were two sided.
Significance was defined as a difference
with P � .05.

Results

Pilot Study
Breast CT scans in nine of 10 healthy
volunteers demonstrated excellent ana-

tomic detail and contrast. Motion blur-
ring was seen on a scan in one patient.
All volunteers were able to sustain the
16.6-second breath hold. There were no
problems with breast positioning or pa-
tient comfort.

Clinical Study
Sixty-nine women with BI-RADS cate-
gory 4 or 5 breast lesions underwent
unenhanced breast CT prior to core
biopsy. Four of these women were ex-
cluded from the study analysis: Two
were excluded because of movement
during breast CT (possibly related to
the breath hold). Two others were ex-
cluded because the mammographically
visible lesions were not in the field of
view on the breast CT scan; one lesion
was in the axillary tail and the other
was in the anterior aspect of the
breast in a large-breasted woman.
Two women had bilateral breast le-
sions. The breast CT images were,
therefore, compared with the screen-
film mammograms in a total of 67
breasts in 65 patients.

Forty-nine (73%) of 67 breast le-
sions were not palpable at clinical
breast examination. The distribution of
the types of breast density, as described
in the mammography reports, was as
follows: fatty replaced, one (1.5%) le-
sion; scattered fibroglandular densities,
27 (40.3%) lesions; heterogeneously
dense, 26 (38.8%) lesions; and dense,
13 (19.4%) lesions.

On the basis of the diagnostic breast
imaging evaluation, there were 38 BI-
RADS category 4 lesions, 28 BI-RADS
category 5 lesions, and one BI-RADS
category 3 lesion. There were 52 (78%)
masses, 12 (18%) microcalcification le-
sions, and three (4%) lesions of other
types. In the group with dense breasts,
there were four (31%) microcalcifica-
tion lesions, whereas in the women with
heterogeneously dense breasts there
were three (12%) microcalcification le-
sions, and in those with scattered fi-
broglandular densities, there were four
(15%) such lesions. The patient with
fatty-replaced breasts had a microcalci-
fication lesion.

Fifty-eight (87%) of 67 lesions were
identified at breast CT (Figs 2–4). Two
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of the lesions identified at screen-film
mammography but not seen at breast
CT were later proved to represent
summation artifacts and biopsy was
not performed, so 89% (58 of 65) of
true lesions seen at screen-film mam-
mography were identified at breast
CT. Among the seven true lesions not
seen at breast CT, three were malig-
nant; one was a 5-mm cluster of mi-
crocalcification lesions (ductal carci-
noma in situ [DCIS]), one was an area
of diffuse microcalcification lesions in
dense tissue (DCIS), and one was a
mammographically subtle 15-mm
mass that was best seen at ultrasonog-
raphy (US) (invasive ductal carcinoma
[IDC]). Among the benign true lesions
that were not identified at breast CT,
one was diabetic mastopathy, which
was palpable but poorly visualized at
screen-film mammography; one was a
2-mm cluster of microcalcifications
(lobular carcinoma in situ); one was a
3-cm area of microcalcifications (fi-
brocystic change); and one was a
4-mm cyst (Table 1).

In one patient (Fig 5), a small satel-
lite cancer adjacent to the index lesion
was imaged at breast CT. It had not
been observed at screening or diagnos-
tic mammography.

The mean size of the lesions at
screen-film mammography was 13.9
mm (range, 2–60 mm); the mean sizes
of masses and microcalcification lesions
were 13.75 mm and 14.54 mm, respec-
tively. The pectoralis major muscle was
identified at breast CT in 12 (18%) of 67
breasts.

In the comparison of breast CT with
screen-film mammography, the overall
mean lesion conspicuity score was 5.4,
indicating that visualization with breast
CT was approximately equal to that
with screen-film mammography, for 67
breasts (Table 2).

Breast CT Comfort Questionnaire
Results of the patient comfort survey
including the 10 healthy volunteers,
the 69 women scanned in the clinical
study, and the three additional women
who underwent contrast-enhanced

breast CT only (n � 82) indicated that
many women found it difficult to arch
forward into the breast CT unit and
that their necks were uncomfortable
in this position or that the tabletop
was too firm. When asked to rate
breast CT comfort compared with
screen-film mammography comfort,
two-thirds of women gave a response
of 10 on a scale of 1–10, indicating a
very pronounced preference for
breast CT (P � .001, Wilcoxon signed
rank test for symmetric preference)
(Table 3).

Figure 2

Figure 2: (a) Craniocaudal screen-film mammogram of right breast shows 4-mm IDC (arrow). (b) Coronal
CT scan in same woman in same breast shows 4-mm IDC at 12-o’clock position (arrow). Lesion conspicuity
score was 3, indicating better lesion visualization at breast CT.

Figure 3

Figure 3: (a) Craniocaudal and (b) spot magnification screen-film mammogram of right breast shows 7-mm cluster of suspicious microcalcification lesions (arrow).
(c) Transverse breast CT scan shows microcalcification lesions in ill-defined mass (DCIS) (arrow). Lesion conspicuity score was 7, indicating superior visualization at
mammography.
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Contrast-enhanced Breast CT
Three of four patients who underwent
contrast-enhanced breast CT proved
to have IDC at pathologic examina-
tion. In one of those with IDC, a sec-
ond lesion that had not been observed
at standard breast imaging was iden-
tified near the chest wall (Fig 6). An-
other woman with IDC had diffuse
DCIS with multiple areas of invasion;
she had also undergone a core biopsy
of a palpable area in the breast prior
to breast CT. An area of enhancement
was seen at breast CT, but compari-
son with the pathologic results was
difficult because of the diffuse nature
of her disease. The fourth woman who
underwent contrast-enhanced breast
CT had a benign lesion (sclerosing ad-
enosis) with minimal enhancement.

Discussion

Initial clinical experience with our scan-
ner prototype shows that overall breast
CT performance is similar to that of
screen-film mammography. Masses are

significantly more conspicuous on
breast CT images compared with
screen-film mammograms, but micro-
calcification lesions are not as well visu-
alized on our early-generation dedicated
breast CT images. There were no signif-
icant differences in the conspicuity of
benign or malignant lesions with the
two types of images. Breast density did
not have a significant effect on lesion
visualization on breast CT images, al-
though women with dense breasts (n �
13) tended to have lesions that were not
as conspicuous on breast CT images as
they were on screen-film mammo-
grams. This difference may be caused
by the higher percentage of microcalci-
fication lesions, which are not as well
visualized on breast CT images, in the
group with dense breasts (31%) as com-
pared with the group with scattered fi-
broglandular densities (15%) or heter-
ogeneously dense breasts (12%).

Women found breast CT to be sign-
ificantly more comfortable than screen-
film mammography, probably because
breast CT does not require compres-

sion. Current ergonomics of the breast
CT tabletop, however, requires women
to arch forward into the scanner in a
position that some thought was uncom-
fortable. As refinements in design are
made, it is likely that positioning can be
made more comfortable.

There are many potential uses for
breast CT. It may be useful in screening
for breast cancer, although, to be appli-
cable to the general population, visual-
ization and characterization of micro-
calcification lesions will have to be im-
proved. Our study was conducted at 80
kVp, and this decision was based on a
trade-off between patient dose and im-
age noise. The contrast of microcalcifi-
cation lesions will increase at lower tube
voltage settings (or with different filtra-
tion levels), but a lower tube voltage at
the same mean glandular dose to the
breast will result in fewer detected x-ray
quanta and higher noise levels. The ulti-
mate effect of tube voltage on signal-to-
noise ratio is currently being studied.

Breast CT offers the advantage of
three-dimensional anatomic detail and
eliminates superimposition of glandular
tissues. As a result, fewer women should

Figure 4

Figure 4: (a) Craniocaudal screen-film mammogram and (b) transverse, (c) coronal, and (d) sagittal breast
CT scans of left breast show a spiculated mass (IDC) (arrow) at 1-o’clock position in upper outer quadrant.
Lesion conspicuity score was 5, indicating slightly better visualization at breast CT.

Table 1

Pathologic Diagnoses of Lesions
Identified in 65 Patients at Breast CT

Diagnosis No. of Patients*

Benign
Adenosis 2 (3)
CAPSS 2 (3)
Fibrocystic change 10 (15)
Fibroadenoma 10 (15)
LCIS 1 (2)
Other 3 (5)
Total 28 (43)

Malignant
DCIS 8 (12)
IDC 24 (37)
ILC 1 (2)
IDC, DCIS 1 (2)
IDC, ILC 2 (3)
Lymphoma 1 (2)
Total 37 (57)

Note.—CAPSS � columnar alteration with prominent
apical snouts and secretions, ILC � invasive lobular
carcinoma, LCIS � lobular carcinoma in situ.

* Numbers in parentheses are percentages.
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be recalled for evaluation of potential
abnormalities that are summation arti-
facts; two lesions in our study that were
seen at screen-film mammography but
not at breast CT were later shown to be
summation artifacts. It is also possible
that the sensitivity of screening can be
improved as a result of the capability to
image a potential abnormality in multi-
ple planes without overlapping tissue.

Breast CT may offer an alternative
to MR imaging for screening high-risk
women for breast cancer and for deter-
mining the local extent of disease in
newly diagnosed breast cancers. It is
likely that breast CT will be lower in
cost than MR imaging, but the cost of
breast CT is currently unknown. The
examination time for breast CT is cur-
rently shorter than it is for MR imaging,
but breast CT requires ionizing radia-
tion. It is unknown whether contrast
enhancement will be required for opti-
mal performance of breast CT, but our
preliminary work has shown that, in
some cases, additional disease can be
seen by using breast CT without con-
trast enhancement. As evidenced by the
enhancement of the infiltrating cancers
reported here, it is likely that malignant
lesions will show patterns of enhance-
ment that are similar to those seen at
contrast-enhanced MR imaging (18)
and at dual-energy subtraction mam-
mography (19). Dual-energy high-tube-
voltage subtraction projection images
acquired with the breast CT scanner
may be useful in assessing the kinetics
of enhancement at far lower dose levels
than are used to acquire breast CT im-
ages, and with good temporal sampling.

The breast CT scanner may provide
an ideal imaging platform for develop-
ment of robotic breast biopsy and tu-
mor ablation devices. Stereotactic bi-
opsy techniques rely on two stereo
views for positioning, whereas breast
CT provides a complete three-dimen-
sional data set for guiding biopsy needle
placement. Automated positioning tech-
niques would make the biopsy proce-
dure potentially more accurate, as well
as faster and easier to perform, than it
is with stereotactic or US guidance. In
addition to using breast CT for biopsy
needle guidance, there are a growing

number of therapeutic interventions
that require accurate three-dimensional
planning, guidance, and monitoring.
Techniques such as radiofrequency ab-
lation, cryoablation, or high-intensity
focused ultrasound have found utility in
other tumor sites, and it is possible that
these minimally invasive approaches
may offer alternatives to lumpectomy in
the future. Such interventions will re-
quire an accurate method for determin-
ing tumor volume and the potential vol-

ume of tissue destruction. Breast CT
seems well suited for this application.

There are several immediate chal-
lenges that must be addressed in the
continued development of breast CT.
Interpretation time for radiologists is
likely to be longer than it is for screen-
film mammography or digital mammog-
raphy, but it may be shorter than it is
for breast MR imaging. The additional
time required for interpretation by the
radiologist may be partially offset by the

Figure 5

Figure 5: (a) Craniocaudal screen-film mammogram of right breast for comparison with (b) transverse
breast CT scan, which shows satellite lesion (arrow), not observed on a, adjacent to index lesion (IDC). Lesion
conspicuity score was 3, indicating superior visualization at breast CT.

Table 2

Conspicuity of Lesions at Breast CT Compared with Screen-Film Mammography

Category
No. of
Breasts

Score
P Value†Mean � SD Median*

All 67 5.4 � 1.9 5.5 (5.0, 6.0) .48
Lesion type

Masses or other findings‡ 55 4.9 � 1.5 5.0 (4.6, 5.4) .002§

Microcalcifications 12 7.8 � 1.9 8.0 (6.2, 9.8) .006§

Lesion diagnosis
Malignant 37 5.7 � 1.9 5.5 (5.1, 5.9) .81
Benign 28 5.3 � 2.0 5.0 (4.3, 5.7) .35

Breast density type
Fatty replaced 1 9.0
Scattered fibroglandular 27 5.1 � 1.4 5.0 (4.4, 5.6) .06
Heterogeneously dense 26 5.3 � 1.8 5.5 (5.1, 5.9) .42
Dense 13 6.4 � 2.8 6.0 (3.1, 8.9) .26

Note.—Sixty-five patients were included in the analysis, but two had cancer in both breasts (67 breasts). A score of 5.5
indicates equal visualization with breast CT images and screen-film mammograms; a score of less than 5.5 indicates superior
visualization with breast CT images; and a score greater than 5.5 indicates superior visualization with screen-film mammo-
grams.

* Numbers in parentheses are the 95% confidence intervals.
† P value was determined by using the Wilcoxon signed rank test with 5.5 (score for equal visualization with both types of
images) subtracted.
‡ Includes 52 masses and three other findings.
§ Significant.
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reduced number of recalled patients
and the need for other diagnostic imag-
ing that is expected with breast CT.
Computer-aided detection with breast

CT also may be useful in reducing inter-
pretation time.

In only 18% of our patients was
there visualization of the pectoralis

musculature at breast CT. Visualization
of the axillary tail of the breast also was
limited with the scanner prototype used
in this study. Refinements in the design
of the breast CT table to allow increased
visualization of the chest wall and axil-
lary tail are under way and appear
promising. In addition, the problem of
anterior tissue being out of the field of
view in large-breasted women, as in one
of the excluded cases in our study, has
been addressed by bolstering the breast
so as to bring the anterior tissues closer
to the chest wall in such women.

Two women were excluded from
our study because of motion on the
breast CT scan; because the motion was
probably caused by the breath hold
(16.6 seconds) required with our scan-
ner prototype, our second scanner pro-
totype has been built with an acquisition
time of 9 seconds and should reduce
motion artifacts and increase comfort
for subjects.

The most important barrier to
adoption of breast CT as a general
screening modality is visualization of
microcalcification lesions. Adaptive
noise reduction techniques, along with
engineering changes that will improve
the spatial resolution of the scanner
prototype, are currently being devel-
oped in our laboratory to potentially ad-
dress this issue. Our workstation allows
adjustment of section width thickness
and reformatting of images in any de-
sired plane, so information in regard to
the number and distribution of micro-
calcifications will be available if conspi-
cuity can be improved.

Our study had limitations; it was a
subjective, nonblinded study that relied
on only one observer. However, it was
intended only to provide an initial clini-
cal evaluation of this technology. The
results of our study will need to be ver-
ified with blinded receiver operating
characteristic studies by using multiple
radiologists. The number of women
with microcalcification lesions in our
study was small (n � 12) and may not
be a representative sample. Exclusion of
the four women who had technically un-
satisfactory breast CT studies may have
created a bias, but because the lesions
could not be evaluated at breast CT, it is

Figure 6

Figure 6: Sequential contrast-enhanced transverse breast CT scans show two enhancing, spiculated
masses (arrows), both of which were IDC. Only posterior lesion (straight arrows) was seen on screen-film
mammogram. The second anterior lesion (curved arrows) was not seen at mammography.

Table 3

Breast CT Comfort Survey Results in 82 Patients

Question
Score

Mean � SD Median*

Position† 6.7 � 2.6 7 (6.1, 7.9)
Breath hold‡ 7.7 � 2.3 8 (7.3, 8.7)
Comfort§ 7.9 � 2.1 8 (7.1, 8.9)
Breast CT vs mammography� 8.9 � 1.9 10 (10, 10)

Note.—The number of patients includes 10 healthy volunteers, 69 patients with BI-RADS category 4 or 5 lesions determined
at diagnostic breast imaging who underwent unenhanced breast CT before core biopsy, and three additional patients who
underwent contrast-enhanced breast CT only. P values were less than .001 for all questions and were determined by using
the Wilcoxon signed rank test with 5.5 (score for equal visualization with both types of images) subtracted. SD � standard
deviation.

* Numbers in parentheses are the 95% confidence intervals.
† Position refers to comfort of the position on the breast CT table (1 � poor, 10 � excellent).
‡ Breath hold refers to ease of 16.6-second breath hold (1 � very difficult, 10 � not at all difficult).
§ Comfort refers to overall comfort of breast CT (1� very uncomfortable, 10 � extremely comfortable).
� Breast CT versus mammography refers to comfort during breast CT as compared with comfort during screen-film
mammography (1 � comfort was much worse than that of screen-film mammography, 5.5 � comfort was equal to that of
screen-film mammography, 10 � breast CT was much more comfortable than screen-film mammography).
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difficult to determine whether this bias
would be favorable toward breast CT or
against it. The current comparison is
somewhat biased in favor of screen-film
mammography because the subjects
were selected for breast CT on the basis
of the results of their standard breast
imaging studies. It is likely that breast
CT will help to identify some lesions
that are not seen at standard imaging.
In our study, there is also a training
bias that is favorable toward screen-
film mammography because of the ex-
perience of the observer with that mo-
dality. There may be a scaling bias in
the wording of the question in regard
to the overall comfort level of the pa-
tient during breast CT.

In summary, breast CT was approx-
imately equal to screen-film mammog-
raphy for visualization of breast lesions
in our selected group of women. Breast
CT appears to be superior for visualiza-
tion of masses, but screen-film mam-
mography currently appears to be bet-
ter for imaging microcalcification le-
sions. Women found breast CT to be
significantly more comfortable than
screen-film mammography. Breast CT
is a promising technology that may have
many potential applications. Further
studies are needed to clarify the appli-
cations of breast CT.
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