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Enhanced radiation exposure associated with

anterior-posterior x-ray tube position in
young women undergoing cardiac computed
tomography
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Given the current increase in the incidence of coronary artery disease in younger women as well as the high lifetime risk of
developing an x-ray–induced malignancy in this population, we aimed at assessing chest radiation in 206 women ≤55 years
old undergoing coronary calcium scoring (CACS) by using a Monte Carlo simulation tool. Our data indicate that the simulated
radiation dose of the female breast during CACS depends substantially on the starting position of the x-ray tube, with an almost
2 times excess of breast radiation exposure being measured during anterior-posterior tube positioning. Thus, an additional
technical feature taking into account the position of the x-ray tube when acquisition is triggered might be an important tool to
reduce radiation exposure of the female breast during CACS. (Am Heart J 2019;215:91-4.)
Although cardiovascular mortality rates in men have
continued a steady and remarkable fall since the 1980s,
there is evidence that the rate of decline has abated in
women.1 Hence, cardiovascular deaths in women
currently exceed those in men.2 Of particular concern
is the rise of coronary artery disease (CAD) incidence and
case fatality in young women b55 years old3,4; however,
evidence to date has failed to adequately explore
variables determining the excess cardiovascular risk in
this demographic group. Computed tomography (CT)
coronary artery calcium scoring (CACS) has emerged as a
powerful predictor of future cardiovascular events and
significantly improves cardiac risk classification in
younger adults also.5 Accordingly, an estimated 33
million patients are currently eligible for CAC scanning
in the United States.6 Given the increasing cardiovascular
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risk observed among young women in the United States
and Europe,3,4 the number of younger/premenopausal
women undergoing CACS is likely to grow. However, as
lifetime risk of developing an x-ray–induced malignancy
is highest among younger individuals,7 concerns regard-
ing radiation safety may limit accurate and early
assessment of cardiovascular risk in this population.
Thus, we aimed to assess chest radiation in women
≤55 years undergoing CACS by using a Monte Carlo
simulation tool. As the breast gland is one of the most
radiosensitive organs,8 2 different scanning scenarios
were tested to develop an algorithm where x-ray dose of
the female breast is minimized.

Methods
Between September 2014 and May 2017, a total of 206

consecutive female patients with a mean age of 50 ±
3 years (range 45-55 years) and a mean body mass index
(BMI) of 24.7 ± 4.0 kg/m2 (range 17.1-36.4 kg/m2)
referred for evaluation of CAD at our institution were
included in this retrospective analysis. Patients with a
history of mastectomy/radiation therapy or breast im-
plants were excluded. The patient's history including risk
factors, medication use, and key symptoms including
chest pain and shortness of breath were recorded at the
time of the imaging study by patient interview as well as
by review of medical records. The study conforms to the
principles outlined in the Declaration of Helsinki and was
evaluated and approved by the local ethics committee
(BASEC No. 2017-01112). CACS scanning and assessment
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Table I. Demographics of the study population (n = 206
women)

ge, y 50 ± 3 (45-55)
eight, kg 67 ± 12 (45-105)
eight, m 1.65 ± 0.1 (1.47-1.88)
MI, kg/m2 24.7 ± 4.0 (17.1-36.4)
ardiovascular risk factors, n (%)
Smoking 47 (22.8%)
Diabetes mellitus 6 (2.9%)
Hypertension 40 (19.4%)
Dyslipidemia 49 (23.8%)
Positive family history 73 (35.4%)
linical symptoms, n (%)
Asymptomatic 43 (20.9%)
Typical angina pectoris 23 (11.2%)
Atypical chest pain 128 (62.1%)
Dyspnea 12 (5.8%)
edication, n (%)
Antiplatelet therapy 16 (7.8%)
β-Blocker 18 (8.7%)
ACI/ARB 22 (10.7%)
Statin 16 (7.8%)
AC score risk class, n (%)

156 (75.7%)
-99 39 (18.9%)
00-399 6 (2.9%)
400 5 (2.4%)

alues given are mean ± SD (range) or absolute numbers and percentages in
rackets. ACI/ARB, angiotensin-converting enzyme inhibitors/angiotensin-receptor
ntagonist.
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were performed on a wide-volume 256-slice scanner
(Revolution CT; GE Healthcare, Waukesha, WI) with the
following scanning parameters: 256 × 0.625 mm collima-
tion with a z-coverage of 12-16 cm and a display field of
view of 25 cm, gantry rotation time of 280 milliseconds,
tube voltage of 120 kVp, and a tube current of 200 mA.
The semiautomatic software SmartScore (GE Healthcare)
was used for quantification of CACS (Agatston units). A
single-beat acquisition protocol with breath-hold at
inspiration and prospective electrocardiographic trigger-
ing at 75% of the RR interval was applied. The CT images
of the CACS scans were used as an input volume for
Monte Carlo simulations. Three-dimensional simulated
radiation dose maps were obtained by using a commer-
cially available and validated Monte Carlo tool
(ImpactMC; CT Imaging, Erlangen, Germany).9 All
simulations were performed using the specific scanner
geometry, collimation, tube voltage, and tube current as
used for the CACS examinations. Two different scenarios
were tested: (1) an anterior-posterior (AP) simulation
with a starting angle of the x-ray tube resulting in an
irradiation of the breasts and anterior thorax and (2) a
posterior-anterior (PA) simulation with a starting angle of
the x-ray tube resulting in an irradiation of the back of the
patient. To assess the exact breast organ dose, a region of
interest was placed in the retromammary area. The breast
organ dose was defined as the average measurement of 3
consecutive regions of interest at 3 different z-axis
positions. Student t test was used for group comparisons
of breast organ dose. Prior to analyses, basic assumptions
were checked and a 2-tailed P value of .05 was considered
statistically significant. Assuming that a radiation dose
difference between the 2 scenarios (dependent means) of
20% or more would be clinically relevant, a total sample
size of 199was required for a 2-sided significance of .05 and
a power of 0.81. SPSS version 24.0 (IBM Corp, Armonk,
NY) and G*Power software were used for statistical
analyses and sample size calculation.
Results
Patient demographics are given in Table I. In all 206

patients, the mean breast dose measured when the AP
scenario was applied was significantly higher than
the radiation exposure when applying the PA scenario
(1.1 ± 0.12 mGy vs 0.6 ± 0.16 mGy, student t P b .0001).
Accordingly, the mean cumulative dose measured in the
retromammilary area was significantly higher in AP than in
PA acquisition (Figure 1, A and B), with an average 1.8
times excess of breast radiation exposure during AP
simulation as compared to PA simulation (P b .0001).
Notably, in 52 (25.2%) patients, radiation dose even
exceeded a 2-fold increase when scanned in AP mode as
compared to PA mode (Figure 1C). These patients had a
higher BMI as compared to patients with a less than 2-fold
increase in radiation dose (25.6 ± 3.9 vs 24.2 ± 3.9 kg/m2,
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P = .017), indicating that women with a higher BMI might
particularly profit from PA acquisition.
Discussion
Our data demonstrate that the simulated radiation

dose of the female breast during CACS depends
substantially on the starting position of the x-ray tube.
In fact, irradiation of the female breast almost doubles
when an AP algorithms is chosen as compared to a PA x-
ray tube position. Previous work has demonstrated
significant radiation dose reductions for CACS by using
iterative reconstruction methods or lowering tube
voltage/current, resulting in a maximal dose reduction
of 53%-67%.10,11 Our observation, however, suggests that
an additional technical feature taking into account the
position of the x-ray tube when acquisition is triggered
might be an important tool to reduce radiation exposure
of the female breast during CACS regardless of the
protocol and scanner used. This so-called organ-based
tube currentmodulation has recently been implemented in
noncardiac CT technology to reduce radiation delivery to
ventrally located radiosensitive organs including eyes,
thyroid gland, and breasts.12 The fact that image acquisi-
tion is uniquely triggered by electrocardiogram signal in
coronary CT angiography to reduce motion artifacts has so
far precluded its use in cardiac applications. However,



Figure 1

Transverse sections of Monte Carlo–simulated dose distributions for CACS in a 47-year-old woman undergoing cardiac CT for exclusion of CAD.
A, Dose deposition when an AP starting angle of the x-ray tube is simulated. B, Radiation dose when a PA starting angle of the x-ray tube is
applied. AP projection resulted in a 1.6-fold increase of cumulated breast dose as compared to PA. C, Excess radiation during AP scan illustrated
as ratio AP over PA radiation dose (average 1.8) in the whole study group (n = 206). Data are presented as frequencies per dose ratio.
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although a timely triggering of image acquisition is of
utmost importancewhen contrast agents are administered,
this is not the case in CACS imaging, where theoretically
multiple passes could be performed.

Aswith any study, certain design limitations are inherent.
First, this study is a single-center retrospective analysis
conducted in a small cohort of young white women, which
limits its generalizability. Second, our analysis was designed
as a proof-of-concept study assessing the impact of different
starting angles on simulated radiation doses of the female
breast. The impact of these alterations on image quality and
diagnostic sensitivity of CACS was not investigated. Third,
the female breast tissuewas chosen as the target organof our
analysis because it is the most vulnerable tissue exposed to
radiation during a cardiac CT scan. Other body parts were
not included in our analysis.

Collectively, our study stresses that there is considerable
potential to reduce radiationexposure in youngwomenbeing
evaluated for CAD and emphasizes the need to implement
tube currentmodulation tools in CACS tominimize the risk of
cancer induction in this vulnerable population. Further
research is warranted to assess potential variations in image
quality and CACS values as well as radiation doses of other
organs following alterations of tube starting angles.
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