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Purpose: To evaluate the effect of automatic tube potential selection and automatic exposure control
combined with female breast displacement during coronary computed tomography angiography (CCTA) on
radiation exposure in women versus men of the same body size.

Materials and methods: Consecutive clinical exams between January 2012 and July 2013 at an academic
medical center were retrospectively analyzed. All examinations were performed using ECG-gating,
automated tube potential, and tube current selection algorithm (APS-AEC) with breast displacement in
females. Cohorts were stratified by sex and standard World Health Organization body mass index (BMI)
ranges. CT dose index volume (CTDI,,), dose length product (DLP) median effective dose (ED), and
size specific dose estimate (SSDE) were recorded. Univariable and multivariable regression analyses were
performed to evaluate the effect of gender on radiation exposure per BMI.

Results: A total of 726 exams were included, 343 (47%) were females; mean BMI was similar by gender
(28.6+6.9 kg/m’ females vs. 29.2+6.3 kg/m’ males; P=0.168). Median ED was 2.3 mSv (1.4-5.2) for females
and 3.6 (2.5-5.9) for males (P<0.001). Females were exposed to less radiation by a difference in median
ED of -1.3 mSv, CTDI,, —4.1 mGy, and SSDE -6.8 mGy (all P<0.001). After adjusting for BMI, patient
characteristics, and gating mode, females exposure was lower by a median ED of -0.7 mSv, CTDIL,,; -2.3 mGy,
and SSDE -3.15 mGy, respectively (all P<0.01).

Conclusions: We observed a difference in radiation exposure to patients undergoing CCTA with the
combined use of AEC-APS and breast displacement in female patients as compared to their BMI-matched

male counterparts, with female patients receiving one third less exposure.
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Introduction primary driver of radiation risk to women undergoing
Coronary computed tomography angiography (CCTA) CCTA is the highly radiosensitive female breasts, which

has been described with continually decreasing radiation are usually included in the z-axis range of scanning

. . . . . 1 - 3 ”» :
exposures, through various innovations (1-3). Radiation despite being a “non-target organ”. The importance
exposure in women is known to pose higher risks than of radiation exposure to female patients is reflected in
in men and hence warrants increased caution (4). A the International Commission of Radiation Protection
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(ICRP)’s decision to increase the recommended breast
tissue-weighting factor from 0.05 mSv/mGy/cm in 1990
to 0.12 mSv/mGy/cm in 2007.

Fortunately, the simple and low-cost intervention of
displacing breasts out of the scan range has been reported
(5,6). By displacing the mobile portion of the female
breast out of the scan range, significantly reduced breast
radiation dose has been demonstrated while improving or
maintaining image quality compared to non-displacement
of the breasts (6).

Previously, the use of automatic tube potential and tube
current selection algorithms (APS-AEC) has been reported
(6,7). The use of APS-AEC to set the indication-appropriate
exposure settings based on the scout radiograph has been
shown to reduce overall radiation exposure by 29.8% versus
more traditional body mass index (BMI)-based methods of
adjusting tube potential and tube current settings (7).

We sought to evaluate the combined effect of these
two radiation lowering strategies (breast displacement
in conjunction with AEC-APS) in women, who are the
more radiation sensitive sex. Overall, we hypothesized that
the combined use of APS-AEC with breast displacement
in females would be associated with significant gender
differences in CCTA radiation doses, with women
benefitting from breast displacement out of the scan range.
Thus we intended to evaluate if lower tube current and
tube potential are selected if breasts are displaced. Because
the primary goal of any diagnostic examination is to deliver
accurate results, we also evaluated image quality.

Materials and methods

This study was approved by the human research committee
of the institutional review board, and compliance with
the Health Insurance Portability and Accountability Act
guidelines was maintained. The authors maintained full
control over the study design and data.

Patient population

The cohort of our retrospective study included 726
consecutive patients who underwent clinically indicated
CCTA between January 2012 and July 2013. Only patients
referred for native coronary scans were included, and
patients who were referred for other indications such as
coronary bypass graft evaluation, pulmonary vein mapping,
congenital heart disease evaluation, aortic evaluation and
research protocols were excluded. Patient parameters such
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as age, gender, BMI, weight, height, and heart rate during
scan were collected from clinical records and CT reports.
Male and female cohorts were stratified according to BMI
ranges of <25,25-29.9, 30-34.9 and >35 kg/m”.

Scan protocol

All scans were performed using a second-generation dual-
source scanner (SOMATOM Definition Flash; Siemens
Healthcare, Forchheim, Germany; software update
VA40). Per department protocol, one of three ECG
synchronization modes were utilized; retrospectively ECG-
gated helical, prospectively ECG-triggered axial-sequential
(Adaptive Cardio Sequential, Siemens Healthcare), and
prospectively ECG-triggered high-pitch helical scanning
(HPH) (Flash Cardio, Siemens Healthcare), at the
supervising physician’s discretion when taking into account
factors such as heart rate, heart rhythm, breath-hold
capacity, and clinical information requested. Automatic
tube potential selection software (APS-CARE kV; Siemens
Healthcare) was used to select a tube potential from one of
four values of 80, 100, 120, 140 kVp, based on the patient
size as detected on the postero-anterior scout radiograph. In
addition to APS, automatic tube current selection algorithm
(AEC-CareDose 4D; Siemens Healthcare) was used in
all cases. Calcium score was obtained in majority of the
patients using prospective triggering acquisition technique
with a constant tube potential of 120 kVp and mA tailored
to the scout radiograph.

During the entire study period, female breast displacement
was required as a matter of site policy for all cardiac CT
exams at our site (Figure 14,B). This was accomplished by
using the Velcro patient positioning strap which is attached
to the scanner table (Siemens Healthcare) and breasts in all
female patients were displaced prior to acquisition of the
scout images used for automatic tube potential and tube
current selection.

Scans were performed during a single breath-hold at
end inspiration, and the scan range covered from the level
of the carina to the diaphragm. The test bolus method was
used to correctly time the contrast agent administration to
aortic peak enhancement plus 3-4 s delay. On average, a 60-
80 mL bolus of iopamidol 370 g/cm’ (Isovue 370; Bracco
Diagnostics, Princeton, NJ, USA) was power-injected at a
rate of 4.5 to 6 mL/s (based on patient size and intravenous
access), followed by a 40 mL of saline flush at an identical
rate. Depending on the nature of the case, beta-blockade
(metoprolol tartrate 5 to 25 mg intravenously, in 5 mg
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Figure 1 Pre breast displacement. (A) CCTA scout radiograph
showing most part of mobile breast tissue lying in the z-axis of
scan range; (B) post breast displacement. Breast displacement
with patient positioning belt in place moves most part of mobile
breast tissue out of the scan range. CCTA, coronary computed
tomography angiography.

increments) was administered at the supervising physician’s
discretion. Unless contraindicated, sublingual nitroglycerine
(0.6 mg tablet) was administered. Image reconstructions
were used appropriate to coronary CTA were utilized
(default 0.75 mm thick images at a 0.4 mm interval, using
iterative reconstruction technique with a CTA-specific
iterative reconstruction kernel “I31”, Siemens Healthcare).

Data collection

Scan parameters including mode of ECG synchronization,
median effective dose (ED), total and coronary acquisition
dose length product (DLP), tube voltage (kV), tube current
(mAs), CT dose index volume (CTDI,,) were recorded.
The scanner-generated dose exposure record and ECG
tracing during scanning was archived, with which the actual
dose parameters, heart rate, and rhythm were verified. Size
specific dose estimate (SSDE) values were obtained for a
subset of consecutive patients of the cohort (n=340) using
dedicated software (Radimetrics Inc, Bayer AG, Toronto,
Canada).

© Cardiovascular Diagnosis and Therapy. All rights reserved.

Image quality evaluation

We performed a quantitative image analysis using
attenuation values of the lumen of the aorta, left main
coronary artery and origin of the right coronary artery, as
previously described (8). Briefly, we evaluated the proximal
right coronary artery (RCA-American Heart Association
classification segment #1) and left main (LM-American
Heart Association classification segment #5) for each data
set. Image quality was evaluated using OsiriX DICOM
viewer (Pixmeo, Geneva, Switzerland). For each image
analysis, background noise was determined by placing a
region of interest (ROI) in the aortic root at a position
cranial to the left coronary ostium and noting the standard
deviation value in Hounsfield units. Attenuation within the
lumens of proximal RCA and LM were calculated by placing
the largest possible ROI within each lumen, and attenuation
in the perivascular tissue was found by placing ROI next to
either the proximal RCA or LM without including the vessel
wall. Contrast-to-noise ratio (CNR) was calculated by dividing
the difference in Hounsfield units between vessel (proximal
RCA or LM) and perivascular fat by the uniform background
noise. Signal-to-noise ratio (SNR) was determined by dividing
attenuation values by image noise (9-12).

Statistical analysis

Continuous variables are expressed as mean = SD or
medians with interquartile range. Comparisons between
groups were performed with the use of an independent
sample 7-test or Wilcoxon rank-sum test for continuous
variables, Fisher’s exact test for categorical variables, and
the Wilcoxon rank-sum test for ordinal variables. A two-
sided P value of less than 0.05 was considered to indicate
statistical significance. For multivariable analyses, we
employed three different median regression models with
robust standard errors and ED, CTDI volume, or SSDE as
dependent variables. In all models, female sex, age, BMI,
average heart rate, HPH prospectively ECG-triggered
mode, prospectively ECG-triggered axial-sequential mode
and calcium score were used as independent variables. All
statistical analyses were performed using Stata/SE 13.1
(StataCorp LP, College Station, Texas, USA).

Results
Patient characteristics and scan parameters

Patient clinical characteristics and scan parameters are
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Table 1 Clinical characteristics and scan parameters of cohort

stratified according to gender

Variables Female (n=343) Male (n=383) P value
Age (years), 56.6+14.5 53.4+14.3 0.002
mean + SD
BMI, mean + SD 28.6+6.9 29.2+6.3 0.168
BMI classification, n (%) 0.056
<25 124 (36.2) 84 (21.9)
25-29.9 92 (26.8) 1583 (40.0)
30-34.9 65 (19.0) 93 (24.3)
>35 62 (18.1) 53 (13.8)
Heart rate (beats/ 64.6+10.9 64.0+12.0 0.479
min), mean + SD
Beta blockers, 227 (66.2) 236 (61.6) 0.216
n (%)
Nitroglycerin, n (%) 311 (90.7) 348 (90.9) 1.000
Total tube current 1,844 2,120 <0.001
(mAs), median [IQR] [1,453-2,538] [1,701-2,722]
Cardiac tube current 243 257 0.003
(mAs), median [IQR] [178-316] [203-334]
Tube potential (kV), n (%) <0.001
80 132 (38.5) 61 (15.9)
100 121 (35.3) 175 (45.7)
120 74 (21.6) 121 (31.6)
140 16 (4.7) 26 (6.8)
Scanner mode, n (%)
Retrospective 48 (14.3) 43 (11.5) 0.268
ECG-gating
Prospective 261 (76.1) 293 (76.5) 0.930
triggering
High pitch helical 34 (9.9) 47 (12.3) 0.346
acquisition
Calcium scoring, 222 (64.7) 262 (68.4) 0.306

n (%)
SD, standard deviation; BMI, body mass index (kg/m?).

shown in Tuble 1 and detailed result according to BMI
ranges is shown in Tuzble S1. Out of our total cohort of
726 patients, 343 (47%) were female. On an average,
females were older than males (56.6 vs. 53.4, P=0.002).
The average BMI in females was 28.6 and 29.2 kg/m’ in
males, the difference not being significant (P=0.168). Scans
were completed using retrospectively ECG-gated (12.5%,
n=91), prospectively ECG-triggered (76.3%, n=554) and
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prospective ECG-triggered high pitch helical mode (11.1%,
n=81). Of prospectively ECG-triggered scans, 186 scans
(33.5%) and 368 scans (66.4%) were acquired during a
fixed range of systole as described previously, or diastole,
respectively (13). Calcium score was obtained in a similar
proportion of both the groups 65% of females (n=222) and
in 68% of males (n=262).

Univariable analysis

Comparison of the unadjusted radiation dose between males
and females was performed using ED, CTDI,,; and SSDE as
shown in Tibles 2,3. The overall ED was 1.3 mSv (i.e., -32.3%)
lower in females than in males (P<0.001). The difference in
ED was highly significant in all BMI groups (P<0.001) except
BMI >35 (P=0.149) as shown in Figure 24. Median CTDI,,,
was 8.6 vs. 12.7 mGy for females and males respectively
(P<0.001). For females, CTDI,, was lower in patients with
BMI <30 kg/m’ (P<0.035). However no significant difference
was found in patients with BMI =30 kg/m’ (Figure 2B). In a
subset analysis by SSDE, females had 6.8 mGy lower median
SSDE than males (P<0.001) (i.e., -34.2%). Among the various
BMI groups, only the group with BMI 25-29.9 showed a
statistically difference in median SSDEs between females
and males (P<0.001) (Figure 2C). The Tables 4-9 demonstrate
radiation dose differences based on different CCTA acquisition
modes. While there were significant differences in the
radiation dose for the prospective triggering method, there
were no statistically significant differences for the retrospective
ECG-gating and the high pitch helical acquisition gating
methods (which are most likely due to the small number of
patients, on the basis of their infrequent use).

Multivariable analysis

Results of the multivariable median regression analyses
are shown in Table 10. After controlling for age, BMI,
mean heart rate, acquisition mode, and calcium score, the
median ED was 0.7 mSv lower for females (P<0.001). We
found similar results for CTDy,,; and SSDE with median
differences of -2.3 and -3.15 mGy, respectively (P<0.001).

Image quality analysis

Overall, both male and female patients’ image quality was
similar (Table 11). Aortic noise, RCA attenuation, RCA
CNR, RCA SNR, LM attenuation, LM CNR, and SNR
values are shown in 7able 4. Both male and female patients’
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Variables Female (n=343) Male (n=383) P value

Variables Female (n=48) Male (n=43) P value

CTDl,, (MGy), median (IQR)

Overall 8.6 (4.9-20.0) 12.7(7.3-22.7)  <0.001 CTDI,, (mGy), median (IQR)

BMI <25 4.9 (3.8-7.7) 6.4 (4.3-10.1) 0.035 Overall 20.3 (9.9-36.5) 21.6 (12.3-48.0) 0.309
BMI25-29.9 6.7 (5.0-12.7) 11.5(7.7-15.3)  <0.001 BMI <25 12.4 (8.7-20.6) 11.0(8.1-27.9) 0.922
BMI30-34.9 13.3(8.5-24.6) 17.3(11.8-25.0)  0.106 BMI 25-29.9 20.0 (9.0-30.8) 14.8(10.9-20.6) 0.493
BMI =35 26.6 (17.4-35.5) 28.9 (23.2-37.8)  0.196 BMI 30-34.9 25.1(16.5-47.1) 39.5 (21.6-58.2) 0.356

BMI =35 43.1 (32.8-50.7) 47.5 (31.1-50.1) 0.914

SSDE (mQGy),
Female (n=1 Male (=181)  Pval
median (IQR) emale (n=159) ale (n=181) value SSDE (mGy),

median (IQR) A =Eh) Male (n=27) P value

BMI <25 8.5(6.7-13.8)  10.9 (8.3-16.7) 0.086

BMI <25 17.2 (12.7-28.5) 20.4 (9.7-23.5)  0.881

BMI 30-34.9 26.8 (12.3-45.8) 29.8 (19.6-37.2) 0.371
BMI 30-34.9 50.9 (46.6-64.3) 42.4 (36.6-47.2) 0.223

BMI, body mass index (kg/m?); SSDE, size specific dose
estimate; IQR, interquartile range. BMI, body mass index (kg/m?); SSDE, size specific dose
estimate; IQR, interquartile range.
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Excludes Outside Values Excludes Outside Values Excludes Outside Values

Figure 2 A box plot showing radiation exposure by gender and BMI groups. (A) Effective dose; (B) CTDI,,; (C) SSDE. BMI, body mass
index; CTDI,,;, CT dose index volume; SSDE, size-specific dose estimate.
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BMI-prospective triggering only
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Table 8 Radiation exposure stratified according to gender and

BMI-high pitch helical acquisition only

Variables Female (n=261) Male (n=293) P value Variables Female (n=34) Male (n=47) P value
Effective dose (mSv), median (IQR) Effective dose (mSv), median (IQR)
Overall 2.1 (1.3-4.3) 5(2.4-5.2) <0.001 Overall 1.9 (1.2-3.4) 0(1.5-4.9) 0.063
BMI <25 3(1.0-1.8) 0(1.4-2.8) <0.001 BMI <25 1.4 (1.0-2.0) 2(0.9-2.7) 0.931
BMI 25-29.9 1.9 (1.5-2.8) 0(2.4-3.9) <0.001 BMI 25-29.9 1.6(1.0-3.00 3.6(1.6-5.4) 0.034
BMI 30-34.9 7 (2.0-4.6) 2 (3.4-6.0) <0.001 BMI 30-34.9 2.9 (2.4-4.7) 0(3.0-7.0) 0.165
BMI =35 6.6 (4.4-9.0) 2(6.0-9.4) 0.181 BMI >35 3 (5.4-9.1) 1(4.8-5.3) 0.083
CTDl,,, (mGy), median (IQR) CTDl,, (mGy), median (IQR)
Overall 8.2 (4.9-17.5) 12.9 (8.4-21.7) <0.001 Overall 45 (2.6-6.3) 7 (2.8-10.2) 0.174
BMI <25 45(3.8-6.5) 6.5 (4.6-10.1) <0.001 BMI <25 2.5 (1.5-4.9) 4 (2.2-3.0) 0.977
BMI 25-29.9 6.9 (5.4-12.4) 11.6 (8.9-15.2) <0.001 BMI 25-29.9 4.1 (2.7-5.5) 7 (3.1-13.6) 0.161
BMI 30-34.9 12.9 17.4 0.012 BMI 30-34.9 9.2 (5.9-15.5) 3(6.9-10.1) 0.758
(7.8-23.5) (12.4-23.3) BMI =35 9.3 (6.5-15.7) 8.8 (7.4-10.1) 1.000
BMI =35 26.0 27.0 0.339 IQR, interquartile range; BMI, body mass index (kg/m?);
(17.5-32.2) (23.2-32.3) CTDl,,, CT dose index volume.

BMI, body mass index (kg/m?; IQR, interquartile range;
CTDlI,,, CT dose index volume.

Table 7 Radiation exposure stratified according to gender and
BMI-prospective triggering only

SSDE (mQGy), Female Male

. P value
median (IQR) (n=116) (n=141)
Overall 11.6 (7.8-23.5)  19.3 (11.9-27.7) <0.001
BMI <25 7.8 (6.4-10.8) 10.9 (9.0-14.4) 0.003
BMI 25-29.9 10.8 (8.5-14.9) 16.6 (13.2-22.1) <0.001
BMI 30-34.9 19.2 (11.4-31.6) 26.4 (19.3-35.2) 0.110
BMI =35 37.3 (20.9-48.7) 31.7 (24.8-49.5) 0.989

BMI, body mass index (kg/m?®); SSDE, size specific dose
estimate; IQR, interquartile range.

proximal RCA and LM CNR values (14.6+4.1 v5.15.8+4.3
and 15.3+3.3 vs. 15.9+4.3, respectively) are shown to be
greater than 11.4+4.2, indicating superior image quality (8).
A significant difference was observed between male and

female patients regarding the CNR of only the proximal
RCA (P<0.05).

Discussion

We found a significant gender difference in radiation
exposure of CCTA with the combined use of an APS-AEC
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Table 9 Radiation exposure stratified according to gender and
BMI-high pitch helical acquisition only

SSDE (mGy),

. Female (n=12) Male (n=13) P value
median (IQR)
Overall 2 (5.6-17.9) 11.4 (6.7-17.8) 0.664
BMI <25 0 (4.8-8.2) 4 (3.7-6.7) 0.480
BMI 25-29.9 2 (4.8-9.1) 11.4 (7.1-14.0) 0.186
BMI 30-34.9 26.3(9.0-27.7) 31.2(17.8-44.6) 0.564
BMI =35* 24.7 () 18.0 () -

*, only 1 patient per category. BMI, body mass index (kg/m°);
SSDE, size specific dose estimate; IQR, interquartile range.

protocol and breast displacement out of the scan range
in females, with females receiving less radiation exposure
than protocol matched males across all BMI ranges. Image
quality of scans was maintained at excellent objective
diagnostic quality (CNR >11.4+4.2) for coronary artery
evaluation. To our knowledge, no studies have evaluated
the combined effects of modulation of the X-ray tube
potential and tissue manipulation in the scanned range
of CCTA to achieve reasonably lower exposure. Also,
our prescription of CT acquisitions was based on clinical
indication for coronary artery evaluation and individual
patient characteristics. Our patient specific protocols
optimized image quality for evaluation of coronary artery
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Table 10 Multivariable median regression analysis*

Model 1 (effective dose)

Model 2 (CTDl,,) Model 3 (SSDE)

Independent variables

Coeff. (95% Cl) P value Coeff. (95% Cl) P value Coeff. (95% Cl) P value
Female -0.68 (-0.92, -0.43)  <0.001 —2.30 (-3.34, -1.26) <0.001 -1.91 (-3.56, -0.26) 0.024
Age 0.02 (0.01, 0.02) <0.001 0.05 (0.01, 0.08) 0.003 0.06 (0.01, 0.10) 0.016
BMI 0.26 (0.23, 0.29) <0.001 1.00 (0.89, 1.11) <0.001 1.38 (1.18, 1.58) <0.001
Mean Heart Rate 0.03 (0.01, 0.04) <0.001 0.13 (0.08, 0.18) <0.001 0.08 (0.00, 0.15) 0.047
HPH (flash mode) -2.86 (-3.78,-1.93) <0.001 -12.86(-16.18,-9.54) <0.001 -18.57 (-22.57,-14.57)  <0.001
Prospective triggering -2.87 (-3.68, -2.07)  <0.001 -8.35 (-11.38,-5.33)  <0.001 —-11.45 (-14.75, -8.16) <0.001
Ca score 0.41 (0.18, 0.65) <0.001 -0.21 (-1.3, 0.97) 0.726 —6.41 (-8.57, —4.25) <0.001
Observations 720 - 720 - 337 -
Pseudo R-squared 0.34 - 0.32 - 0.31 -

*using robust standard errors. CTDI,,,, CT dose index volume; SSDE, size-specific dose estimate; BMI, body mass index; HPH,

prospective triggered high pitch helical scanning mode.

Table 11 Image quality analysis within prospectively-ECG
triggered scans in a consistently fixed range of late systole to

early diastole

Variables Female (n=88) Male (n=98) P value
Aorta noise (HU), 36.9+10.8 31.5+9.5 <0.001
mean + SD

RCA signal (HU) , 446.5+123.3  397.4+120.2 0.007
mean + SD

RCA CNR, 14.6+4.1 15.8+4.3 0.04
mean + SD

RCA SNR, 12.1+£3.3 13.0+£3.3 0.07
mean + SD

LM signal (HU), 472.4+128.8  413.2+118.6 0.001
mean + SD

LM CNR, mean + SD  15.3+£3.3 15.9+4.3 0.26
LM SNR, mean + SD  13.2+3.14 13.6+£3.3 0.43

RCA, right coronary artery; SD, standard deviation; CNR,
contrast-to-noise ratio; SNR, signal-to-noise ratio; LM: left
main coronary artery.

disease, to a reasonable limit while preserving image quality,
thus often favoring acquisition of several phases (prospective
triggering), rather than the absolute limit of dose by using
HPH prospective ECG-triggered mode (14).

Our findings are in agreement with and incremental to
those from prior studies of breast displacement (6,15). A
prior study showed that lowering of tube voltages improved
contrast medium and skeletal imaging (without affecting
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the CNR) and significantly reduced radiation exposure
to female breast tissue (15). We previously observed that
appropriate selection of tube potential via automated tube
voltage and current modulation significantly reduced overall
radiation exposure to most patients undergoing CCTA.
Notably, images of both our male and female cohort were
again maintained at a superior quality (7). Previously, the
use of thermoluminescent dosimetry (TLD) badges to
evaluate the direct exposure to breast tissue has established
that breast displacement out of the scan range reduced mean
breast surface dose by 23% (6). Thus, in conjunction with
the prior work in this area, our work further justifies the
use of breast displacement in female patients undergoing
CCTA when possible and is in accordance with the (as low
as reasonably achievable) ALARA principle.

Einstein e al. calculated risk of radiation exposure from
CCTA and observed that the lifetime cancer risk estimates
for standard cardiac scans varied from 1 in 143 for a 20-year-old
woman to 1 in 3,261 for an 80-year-old man. The most
affected organs were lungs and breasts receiving 42-91 and
40-80 mSv radiation dose respectively and the highest organ
lifetime attributable risk (LAR) were for lung cancer and,
in younger women, breast cancer. The LAR for female was
greater than that for male at all ages, with the relative risk of
female ranging from 2.4 at age 80 years to 4.8 at age 20 years.
Thus Einstein et al. concluded that the breast cancer risk was
considerably higher in younger female patients (16).

Because breast tissues have a relatively high tissue-
weighting factor, various approaches of reducing dose to
the female breast in thoracic CT have been investigated
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(17-19). Our method confers an overall dose advantage
in women, and also prevents the exposure to relatively
higher-risk breast tissue. Thus, the average exposure
to breast tissue itself will be further lowered using this
method. In fact, this may lead to a slight overestimation
of the radiation risk to women at CCTA on a population
basis (when using traditionally published weighting
factors), when using breast displacement techniques. This
is because displaced female breasts receive less radiation
exposure, on the basis of avoiding direct X-ray irradiation,
and by lowering the necessary overall dose necessary to
achieve diagnostic CCTA.

Prior studies have established the efficacy of using
simple measurements like BMI to stratify and adjust
radiation exposure settings for cardiac CT imaging, but the
use of patients’ actual chest measurements in the region of
scanning are clearly more desirable (20,21). Additionally,
there are known gender differences in adiposity of men and
women, particularly in regard to the proportion of android
(upper body) and gynecoid (lower body) regions of tissue
composition, further supporting the need for tailored dose
parameters in women versus men (22). This is compounded
by the development of SSDE, which is thought to better
estimate an actual patients’ risk due to radiation exposure
on the basis of body size versus CTDI,,; (23). Although
SSDE is presumably accurate to within 10-20%, we chose
to incorporate both CTDI,; and SSDE to mitigate any
possible biases or limitations in either method (24,25).

Our breast displacement technique has certain
advantages over the use of breast shields. Quantitative
study for assessment of selective organ shielding with lead-
or bismuth containing protective materials have been
done by Geleijns e a/l. Studies performed with phantoms
and patients suggest that shielding results in an increase
of image noise and results in only modest reductions
of radiation exposure (26). In contrast, our method
demonstrates superior image quality with CNR greater
than 11.424.2 in proximal RCA and LM.

Our methods bear some limitations. Most notably,
our design lacked a control group for non AEC-APS
and non-displaced breast tissue patients. Since our site
practice has been to displace breasts for the past several
years on the basis of robust prior studies, we felt it would
be unethical to expose women’s breast tissue to radiation
solely to establish a control group. In addition, SSDE
values were derived directly from a relatively new software
(Radimetrics Inc., Bayer AG, Toronto, Canada) which
uses a “center slice” technique that may not account for
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the “hourglass” shape of the female figure. Further, we
have not taken into account different breast cup sizes in
our study, as it was done in a previous study (6) since these
were not recorded in our retrospective cohort. The use of
varied CCTA gating methods subdivided our cohort, and
this choice is difficult to control, as gating methodologies
depend heavily on patient factors at the time of scanning,
and the supervising physician’s discretion. Finally, we
also utilized only the scanner-generated exposure metrics
(CTDI,,, and DLP) to calculate ED (27). While CTDI,
and DLP have limitations in that they are independent
of patient size, patient dose is not actually independent
of size (23). Furthermore, CTDI,,; and DLP may be
displayed for either a 16- or 32-cm diameter reference
phantom. If the 32-cm phantom is referenced for smaller
patients, interpretation of CTDI,,; or DLP as a patient
dose without a size correction is known to underestimate
dose by a factor of 2-3 (23). Again noted are the gender
differences in body size (i.e., differences in fat and muscle
mass) which may affect BMI and radiation dose. We
have mitigated the difference by utilizing SSDE which
specifically and accurately measures the radiation dose
based on effective diameter. We also did not directly
measure breast tissue exposures, as opposed to the work
of Foley et al. (6); we presume that in addition to the more
pronounced overall radiation savings the current protocol
achieved, a similar effect would be noted on breast tissue,
and in turn the implicit stochastic cancer risks associated
with this scan protocol. As a future implication, this
method would further reduce radiation dose in females and
could be used for obese male patients with large breasts as
a means for reducing radiation exposure to breast tissue.

Conclusions

We observed a difference in radiation exposure to patients
undergoing CCTA with the combined use of AEC-APS
and breast displacement in female patients as compared
to their BMI-matched male counterparts, with female
patients receiving one third less exposure. This has
important clinical implications for female patients, as their
breasts have a high tissue-weighting factor. We also report
a possible application of SSDE to more critically study
CCTA radiation exposure.
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