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Background : Breast tomosynthesis is a new technology to improve the sensitivity
and specificity of mammography by eliminating tissue overlap. Breast
fomosynthesis is essentially a modification of a digital mammography (2D)
to enable the acquisition of a three-dimensional (3D) volume of thin section
data. Images are reconstructed in conventional orientations by using
reconstruction algorithms similar to those used in computed tomography
(CT).

Objective : To determine the average glandular dose (AGD) and the entrance
surface air kerma (ESAK) from cranio-caudal (CC) and medio-lateral
oblique (MLQO) projections in 2 dimension and 3 dimension imaging modes.

Design ¢ Retrospective descriptive data

Setting * Breast Imaging Unit, Department of Radiology, King Chulalongkorn
Memorial Hospital

Methods : Patients’ data from digital breast tomosynthesis (DBT) system were
analyzed in terms of the compressed breast thickness (CBT, mm), peak
kilovoltage (kVp), tube current time (mAs), average glandular dose (AGD,
mGy) and the entrance surface air kerma (ESAK, mGy) in 2D and 3D

image sets from one compression.

* Department of Radiology, King Chulalongkorn Memorial Hospital

** Department of Radiology, Faculty of Medicine, Chulalongkorn University



236 fiagndl 53na uaz dud nqumIum Chula Med J

Results *  One hundred and ninety eight female breast cancer patients with breast-
conserving surgery were studied using digital breast tomosynthesis system
from January-December 2012. The CBT, kVp and mAs were recorded
when the tungsten target with rhodium or silver filters were chosen in 2D
and the tungsten target with aluminum filter were chosen in 3D images.
The mean compressed breast thickness (CBT) was 54.5 mm for cranio-
caudal, CC and 55.0 mm for medio-lateral oblique, MLO views. The mean
AGD and ESAK for 4 views of both sides in 2D and 3D were 1.7, 6.5 and
2.0, 7.0 mGy respectively. The mean AGD and ESAK in 3D imaging mode
were 16.1 % and 6.1 % higher than the mean AGD and ESAK in 2D imaging
mode. No significant relationship was found between AGD and CBT in 2D
imaging mode of a correlation coefficient of 0.36 and a good correlation
coefficient of 0.87 in 3D imaging mode.

Conclusion : The mean CBT was 54.7 mm, the mean AGD from digital breast
tomosynthesis (DBT) system was 2.0 mGy, the mean AGD of full field
digital mammography (FFDM) CC views 1.65 mGy and MLO was 1.75
results in overall mean AGD of 1.7 mGy. Both values of 2D and 3D are still
lower than 3.0 mGy limit for single view of dose reference level (DRL) set

by MQSA.

Keywords : Digital breast tomosynthesis, average glandular dose, entrance surface

air kerma, tungsten target, rhodium filter.
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Mammography is the most effective method
for the early detection of breast cancer.” Full Field
Digital Mammography @ (FFDM) systems use low
noise detectors with higher detection efficiency
than conventional screen-film combinations.
FFDM provides lower doses than screen-film
mammography ©® and it is one of the major reasons
to decrease mortality in the last twenty years.
The advantages of FFDM are high sensitivity and
significantly better in young women with dense breasts
and pre- or post-menopausal women. © As the
conventional screen-film mammography (SFM) and
FFDM are 2 dimensional imaging modalities which
can degrade the ability to detect a lesion due to the
overlapping of suspicious lesions and fibroglandular
tissues. The development of FFDM accelerated the
development of digital breast tomosynthesis (DBT)
which provides the 3D information with limited
number of cone beam projections. DBT can reduce
the obscuring effect of breast tissue overlay in
screening mammography, leading to an improve
margin visibility for the early detection of cancer. DBT
systems make depth localization possible and require
small dynamic ranges for each reconstructed slice.

Radiation doses from DBT are comparable
to and could be lower than FFDM. Researchers from
Emory University School of Medicine in Atlanta, Ga.,
compared dose levels of DBT and FFDM by using
compressible water-oil mixture breast phantoms of
varying sizes to determine how much radiation dose
would be used for varying sizes and glandular
compositions of breasts. When comparing doses
with the average breast (compressed thickness of 5
cm, 50 percent glandular fraction), a DBT acquisition

resulted in 1.30 mGy, only an 8 percent higher mean
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glandular dose than the FFDM acquisition of 1.20 mGy
per projection. For a thicker breast sample (6.0 cm
and 14.3 percent glandular fraction), a DBT
acquisition was 2.12 mGy, which was 83 percent
higher than an FFDM acquisition of 1.16 mGy per
projection. ”

Although the thicker breast had a higher dose,
the researchers pointed out that this was still lower
than the 3 mGy limit for a single-view conventional
study, which was set by the Mammography Quality
Standards Act (MQSA). Potentially, screening DBT
could reduce the recall rate, reducing the number
of repeat scans, which reduces women’s overall
radiation dose rate. Early clinical studies demonstrated
a benefit in the use of DBT in breast imaging,
especially for the reduction of superimposed tissue
and the visibility of masses 2.

The purpose of this study is to determine
the average glandular dose (AGD) and the entrance
surface air kerma (ESAK) in Full-Field Digital
Mammography (2D imaging mode) and in Digital

Breast Tomosynthesis (3D imaging mode).

Material and Method

A digital mammographic system (Selenia
Dimension, Hologic USA) installed in the year 2009
at King Chulalongkorn Memorial Hospital (KCMH),
has been used to perform 2D conventional
mammography and 3D breast tomosynthesis. The
image detector is the direct- capture amorphous
selenium with a detector pixel pitch of 70 um. In 2D
imaging mode, an anti-scatter high transmission
cellular (HTC) grid is used which automatically moves
out of the field of view when 3D imaging mode is

selected. The x-ray tube has a tungsten target with



9 aa o a a
240 NRYIU 83N LA YA NEPEUIUAN

additional filtration of 50 um rhodium (Rh), 50 um
silver (Ag) and 0.7 mm aluminum (Al). The Rh or Ag
x-ray filter was used in 2D imaging mode and the Al
filter in 3D imaging mode. For all mammograms auto
filter was used and the appropriate exposure factors,
tube voltage peak (kVp) tube current exposure
time (mAs) and filtration were set automatically by
the system as the function of compressed breast
thickness. During breast tomosynthesis, the system
acquires 15 projection images in increment of
approximately 1° starting from 75 to +7.5 with
the breast in standard compression 3D breast
tomosynthesis in CC and MLO projections. Quality
control measurements of the digital breast
tomosynthesis system were periodically carried
out following the recommendations of the system
manufacturer. The data displayed on the monitor such
as AGD and ESAK had been verified by qualified
medical physicist of over 5 year experience for the
correct dose display. One hundred and ninety eight
cancer patients with breast conserving surgery
underwent 2D and 3D mammograms between
January and December 2012 at KCMH were
recruited. During a mammographic procedure, two
images CC and MLO were acquired for both in 2D
and 3D modes(tomosynthesis) and post-operative
breasts.

The AGD and ESAK values for each
mammographic technique were recorded as well as
CBT, kVp, mAs, projection view, and filter materials

extracted from DICOM header of each image.

Data Analysis
Retrospective data on exposure parameters

and radiation dose from 2D imaging mode (FFDM)

Chula Med J

and 3D imaging mode (DBT) were correlated in
terms of CBT and AGD using R by SPSS version 17.0.
Descriptive data was analyzed as mean + SD and
percentage of dose difference for 2D and 3D image

vViews.

Results

The Rh filter was selected in 90% (CC) and
89% (MLO) in 2 D imaging modes. The Ag filter was
applied more in MLO views than in CC views because
of the increased compressed breast thickness. W/Rh
combination was selected for a CBT of less than or
equal to 69 mm and W/Ag was selected for a CBT
equal to or greater than 70 mm. The mean + SD CBT
was 54.1 + 12.2 mm (range 14 - 82 mm) for CC and
54.7 + 12.4 mm (range 21-86 mm) for MLO views.
The mean + SD AGD was 1.7 + 0.7 mGy (range 0.7 -
4.2 mGy) for CC and 1.7 + 0. 7mGy (range 0.8 - 4.6
mGy) for MLO views. The relationship between
CBT and AGD was determined for CC and MLO
views (Figure 1, Figure 2). AGD increased with
increased CBT and the curve shows that the relation
is approximately exponential of correlation coefficient,
R? equals 0.35. Figure 1 shows the relationship
between the AGD per exposure and CBT for CC views
in 2D imaging mode. Similar plot is shown in figure 2
for MLO views.

The mean AGD per exposure for mammo-
gram examined with W/Rh and W/Ag anode/filter
combinations was 1.6 mGy and 2.3 mGy for CC, 1.7
mGy and 2.3 mGy for MLO views respectively. The
AGD for W/Ag was higher than W/Rh because W/Ag
combination was selected for thicker breast (CBT>70
mm). The selected voltage increased with thicknesses

and ranged between 25 and 32 kVp for W/Rh
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Figure 1. Average Glandular Dose, mGy per exposure as a function of compressed breast thickness for CC view in

2D imaging mode.
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Figure 2. Average Glandular Dose, mGy per exposure as a function of compressed breast thickness for MLO view

in 2D imaging mode.

combination and between 30 and 35 for W/Ag
combination. Technical exposure factors for each
projection of both breasts, AGD, ESAK per exposure,
for 2D imaging mode are shown in Table 1 and for 3D
imaging mode are shown in Table 2. The correlation

of AGD and CBT in 3D was better than that in 2D

because the kVp range in 3D imaging was wider than
in 2D imaging mode for the same compressed breast
thickness range. The correlation in 3D is 0.9 because
in 3D, only Al filter is used for all CBT but in 2D
different filters (Rh, Ag) are selected depending on
the CBT.
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Figure 3. Average Glandular Dose, mGy per exposure as a function of compressed breast thickness for CC view in

3D imaging mode.
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Figure 4. Average Glandular Dose, mGy per exposure as a function of compressed breast thickness for MLO view

in 3D imaging mode.

Discussion

Riabi et al " reported a mean CBT of 49.7
mm. and 58.5 mm, the AGD of 2.0 and 2.4 mGy for
CC and MLO views in 2D imaging mode. In our study,
the mean CBT was 54.45 mm and 54.95 mm with the

mean AGD of 1.65 and 1.75 mGy for CC and MLO
views. Our mean AGD is 15% and 25% lower than
Riabi for CC and MLO views because the target /
filters of our system are tungsten/rhodium/silver while

Riabi et al mammography equipment obtained
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molybdenum/molybdenum/rhodium target filters
system. The use of tungsten target results in higher
tube voltage and lower dose. Furthermore, our AGD
in breast tomosynthesis is 16% higher than in
2D imaging mode while the ESAK from breast
tomosynthesis is 6.1% higher than in 2D imaging
mode. Olgar T et al™ reported the mean exposure in
3D imaging mode was on average 34% higher than
2D imaging mode for patients with the same CBT.
The mean AGD for both 2D and 3D imaging modes
were lower than the dose limit recommended by the
American College of Radiology (ACR) of 3 mGy per
film as a mean glandular dose for breasts with

thickness of 4.2 cm of 50% glandular composition.

Conclusion

The mean CBT was 54.5 mm for CC and 54.9
mm for MLO in 2D mode. This resulted in the mean
AGD of 1.65 mGy for CC and 1.75 mGy for MLO. The
overall CBT was 54.7 mm where the mean AGD was
1.7 mGy. In 3D mode, the mean CBT was 54.5 mm
for CC, 54.9mm for MLO, the overall mean CBT was
54.7 mm. The mean AGD was 2.0 mGy for CC and
2.1 mGy for MLO. The overall mean AGD was 2.05
mQGy.in this study.
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