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Abstract

Possible strategies to reduce radiation dose during CT scanning have been
investigated over recent decades; here the optimization of the tube current
and its link with patient’s cancer incidence are being evaluated. 154 con-
secutive trauma patients with the need for chest CT scan were included.
Two different BMI-adjusted CT protocols at a fixed voltage tube and the
same scan length were applied. Dose estimation parameters like CT dose
index (CTDI), dose length product (DLP) and effective breast dose were
calculated. Breast surface dose was obtained by using thermoluminescence
dosimeters (TLDs) and eventually, the life attributable risk (LAR) of can-
cer incidence was estimated. The mean effective dose was 4.87 + 2.3 mSv
and 5.12 + 2.8 mSv for patients who were scanned with tube currents of
120 mAs and 200 mAs, respectively. There was no significant difference
between organ surface doses for females but in males it was notable. The
risk of cancer incidence is lower for protocol 1 in comparison with proto-
col 2. Optimizing tube current of 120 mAs reduced breast surface dose up
to 50% in comparison with the tube current of 200 mAs. In trauma pa-
tients, using lower tube current based on BMI has notable impact on the
absorbed dose in the breast and can reduce the breast cancer risk by nearly
33.6% for women.
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1. Introduction

Multi-detector computed tomography (MDCT) benefits from multiple rows of
CT detectors, while single-detector computed tomography (SDCT) has only one
row of CT detectors. Due to the multiple rows of detectors and spiral scanning,
MDCT technology offers higher spatial resolution along the longitudinal axis of
the patient, greater coverage per rotation, faster scan time, faster patient through-
put and thinner slices in comparison with SDCT scanners. Apart from the ad-
vantages of MDCT, there has been a concern about the higher radiation expo-
sure in certain MDCT practices. In trauma patients, particularly in polytrauma
cases, shorter scanning time can be a determining factor to make an early and
accurate diagnosis of the injuries [1] [2]. According to Advanced Trauma Life
Support guidelines, the chest imaging (chest radiography and chest computed
tomography) is the most widely used imaging technique for the evaluation of
adult patients with blunt trauma [3]. As mentioned before, despite diagnostic
improvements, ionizing radiation doses can have undesirable effects on the ex-
posed organs of patients. The radiation dose and its hazardous effects can be
measured using different methods, while it is still challenging to measure radia-
tion dose outcomes and decrease them during medical imaging procedures [4].

During the last decades, practical recommendations with respect to dose sav-
ing such as lowering tube voltage, modulation of tube current, adjustment of
tube voltage, improving detection system efficiency and noise reduction algo-
rithms have been introduced and evaluated by many reports [5]-[9]. Although
the mentioned strategies are the most feasible dose reduction approaches,
changing CT parameters like tube current and tube voltage has a direct impact
on image quality. Therefore, optimizing tube current and tube voltage according
to body type not only reduces radiation dose but also can keep diagnostic image
quality. Some studies have reported that using automatic tube current modula-
tion reduced the dose significantly [10]-[13]. The most typical calculation me-
thod is the determination of the effective dose (ED) using the measured dose of
the CT console. However, in vivo dosimetry during the examination can esti-
mate dose of exposed organs more accurately. Moreover, the estimation of LAR
of cancer incidence and mortality using accurate organ dose value can result in
improvements in dose saving protocols.

The main aim of this study was to evaluate the impact of changing tube cur-
rent based on BMI on the breast surface dose during chest CT of traumatic pa-
tients.

Moreover, with respect to ionizing radiation-induced effects, LAR of cancer

incidence and mortality were calculated utilizing BEIR VII report [14] and, ul-
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timately, we assessed the importance of in vivo dosimetry to improve dose sav-

ing protocols in case of emergency patients.

2. Materials and Methods
2.1. Patients

In this study, we included all adult patients (=18 years old). A total of 154 trau-
ma patients attending emergency department at Loghman Hakim Hospital (Te-
hran, Iran) were enrolled from June to August 2021. Informed consent was ob-
tained in all cases prior to the study. The height, weight, age and BMI were col-
lected for each patient. All patients were examined for chest CT scans. Two dif-
ferent tube currents based on patients’ BMI (120 mAs for BMI < 25 kg/m* and
200 mAs for BMI 2 25 kg/m?) were used. The fixed tube voltage of 120 kVp was
implemented and the scan length was the same. Radiation dose values called
computed tomography dose index (CTDI) and dose length product (DLP) were
derived from the CT console. Effective dose of the breast was calculated using
chest conversion factor. Ten calibrated thermoluminescence dosimeters (TLDs)
were placed on patient’s breasts and the average of dosimeters’ read-out was
calculated to obtain breast surface dose. The radiation dose was used to estimate
life attributable risk (LAR) of cancer incidence based on biological effects of io-

nizing radiation. We used the STROBE cross sectional reporting guidelines [15].

2.2. CT Protocol

All CT scans were performed with 16-slice CT scanner (Activion Toshiba, Ja-
pan) in emergency care department. The contrast agents were not used in all
scans. Patients were examined via two different protocols based on patient’s BMI
as follows: pitch factor was set to 1, slice thickness was 2.5 mm, tube voltage was
120 kVp, slice collimation was 1.2 mm and slice interval was 1.5 mm. In protocol
1, the tube current was adjusted to 120 mAs and in protocol 2 was 200 mAs for
BMI < 25 kg/m?* and BMI > 25 kg/m?, respectively. The scanning range in chest
CT was from the upper end of the lung apex to the base of the lungs.

2.3. Radiation Dose

Dose length product (DLP) and volumetric CT dose index (CTDI,,) were ob-
tained from each scan. Effective radiation dose was calculated by multiplying
DLP by chest conversion factor based on the International Commission of Radi-
ation Protection (ICRP103) report [11] [12]. The dose value of chest was meas-
ured by placing 10 thermoluminescence dosimeters (TLD) on patient’s breasts;
five TLDs on each breast were put. We used TLD-100 and all TLDs were cali-
brated at Secondary Standard Dosimetry Laboratory (SSDL), Karaj, Iran. After
each scan, all TLDs were delivered to dosimetry laboratory at Shahid Beheshti
University of Medical Sciences and were read by Fimel TLD reader. The average
of five readings was obtained and used to calculate surface dose values. We cal-
culated equivalent dose by multiplying the averaged TLDs’ value by the breast
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tissue weighting factor (Wt = 0.12) based on ICRP 103.

2.4. Life Attributable Risk Estimation

The BEIR VII report provides a method that estimates LAR of cancer based on
the radiation dose and a patient’s age specified for each gender separately. For all
patients, the LAR of breast cancer incidence was calculated from BEIR VII re-

port.

2.5. Statistical Analysis

All statistical analyses were performed using SPSS software (16.0, SPSS Inc.,
USA). Our data showed a normal distribution. Continuous variables (normally
distributed) were presented with mean + standard deviation (mean + SD). We
used One-way analysis of variance (ANOVA) and one sample t-test to evaluate
the possible differences between the two protocols. P value < 0.05 is considered

statistically significant.

3. Results

A total of 154 patients (70 female/84 male) were examined in this study with a
mean age of 50 + 17 years old. The average age was 47.3 + 14.1 for women and
52.7 = 15.1 for men. Patients’ demographic data and radiation dose values are
presented in Table 1 and Table 2 respectively. LAR of breast cancer for two
groups of people was presented in Table 3. Figure 1 and Figure 2 illustrate the
comparison of mean radiation dose values between two protocols for males and
females, separately.

There were no significant differences between two protocols for scan time and
scan length (p-value 0.063 and 0.845, respectively). The mean BMI was 22.3 +
2.7 and 27.6 + 3.03 for protocol 1 and protocol 2, correspondingly. The value of
radiation dose shows that the mean CTDI and the effective dose are slightly
higher using tube current of 200 mAs in comparison with 120 mAs. Further-
more, the organ surface dose presents notable difference between two protocols.
As can be seen in Table 2 the organ surface dose is nearly doubled in protocol 2.
In addition, the same trend was observed between two protocols for males while

for females there was no obvious difference. (P-value = 0.001 and 0.359 for

Table 1. Patient demographic data.

protocol 1 (mean + SD)  protocol 2 (mean + SD)  p-value

patient number 78 76 N/A
Age (Y) 48+ 16 49+ 19 0.49
BMI (kg/m?) 22327 27.6 +3.03 N/A
Scan length (mm) 2753+ 15.4 274.5 + 14.4 0.845
Scan Time (s) 16.1 2.2 14.38 £ 2.24 0.063

SD, standard deviation; BMI, body mass index.
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Table 2. Radiation dose values for two tube currents of 100 mAs and 200 mAs.

protocol 1 protocol 2

(mean £ SD) (mean £ SD) p-value
CTDI (mGy) 124 +5.1 163+ 7.8 0.11
DLP (mGy-cm) 297.4 £129.7 350.37 + 126.8 0.533
ED (mSv) 487 +£2.3 512+2.8 0.533
Breast surface dose (mSv)
left 9.41 £ 0.6 23.8+1.2 0.027
right 10+ 0.4 24.08 £ 0.7 0.026

SD, standard deviation; CTDI, computed tomography dose index; DLP, dose length
product; ED, effective dose.

Table 3. LAR of cancer incidence.

LAR of Breast cancer incidence

p-value
Age (Y) protocol 1 protocol 2
51-60 0.791 1.19 0.023
61-70 0.425 0.689 0.048

LAR, life attributable risk.

effective.dose
20.001 [ breast surface dose
BICTDI
15.00+
[
©
< 10.001
7.9
3.3
5.00

0.00 T T
120 mAs 200 mAs
Tube current

Figure 1. Radiation dose values-males.

males and females, respectively).
LAR of cancer incidence was lower for protocol 1 in comparison with proto-

col 2. This reduction was more noticeable for the age range from 51 to 60 years.
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Figure 2. Radiation dose values-females.

4. Discussion

In recent years, attention has been focused on the biological effects of low-dose
radiation induced by diagnostic imaging. As each person may have to receive
radiation doses from different medical examinations through the life span, it is
essential to keep radiation as low as reasonably achievable (ALARA) in medical
imaging.

Multislice CT scanners, especially new generations (like Dual sources), are
capable of capturing the specific organ at higher resolution and faster scan time.
Many studies have reported the impact of new scanners on reducing radiation
dose [16] [17] [18] [19]. Although new CT systems have automatic adjustment
of parameters, medical imaging needs some methodological techniques that are
more beneficial to different CT generations as a whole [20]. Several recent stu-
dies reported the dose reduction of up to 60% by tube current modulation [8]
[21] [22]. In this study, we used two different tube currents based on the pa-
tient’s BMI. Our result showed the effective dose was reduced approximately
10% when using tube current of 120 mAs. In Eller et al study, they used auto-
matic tube voltage adaptation (ranging from 80 to 100 kV) and consequently,
the effective dose was lower compared with our study. They provided evidence
for a 47% radiation dose reduction in patients examined at 80 kV with a
128-dual source CT. Different CT scanner models and similar but non-identical
settings including tube current modulation and tube voltage adaptation com-
bined with different iterative reconstruction algorithms may result in higher ED

levels in our study [23].
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In addition to ED; CTDI and DLP are two standard methods to compare rad-
iation dose values among different CT scanners. Kidoh et al [24] reported that
much higher CTDI level in comparison with our study. The reason can be the
different CT systems and also higher tube current which resulted in increasing
CT dose index in their study.

Besides these comparable parameters, many studies tend to estimate and eva-
luate the specific organ dose during CT scanning by using anthropomorphic
phantoms and by placing physical dosimeters on them [25] [26] [27]. In our
study, we placed TLDs on patient’s breasts to estimate the organ surface dose. As
we expected the organ surface dose was much higher for protocol 2 in compari-
son with protocol 1. Since scan length and tube voltage were equal in the two
protocols, we anticipate that different tube currents may cause dose reduction in
protocol 1. This reduction was obviously can be seen in cancer risk estimation
which is lower for protocol 1. Thus, we can anticipate that using this protocol
not only reduces radiation dose for different age groups, but also can reduce the
risk of breast cancer incidence for patients scanned with protocol 1. By decreas-
ing tube current based on body mass index, lower radiation absorbed dose was
obtained and the diagnostic image quality has also remained. In comparison
with similar study, the breast surface dose was much lower in our study while
both techniques were the same (nearly half of their report) [26]. It should be
noted that in our study slice thickness and pitch factor were lower than in their
study. Another investigation showed that the organ surface dose for chest CT is
22 mSv, their result is approximately similar to the amount of organ surface dose
we derived and calculated from TLDs output in this study [5].

Earlier studies demonstrated that the incorporation of body size measures like
height, weight, body circumference and body diameter into clinical imaging
practice could be useful in order to optimize organ dose [28] [29] [30]. Hence,
apart from the tube current modulation, modifying CT scan parameters based
on size-specific dose estimate (SSDE) as the other effective dose reduction tech-
nique was reported by different research groups [24] [31] [32]. According to
Bashier et al, there has been a relationship between CT dose and patient dimen-
sions measured from scout and transverse CT images [31]. It has also been re-
ported that reducing body size, about 4 cm, reduced radiation dose by up to 50%
[33].

Higher values of dosimetric parameters including CTDI, ED and DLP were
presented in a study conducted by Fujii and their colleagues due to their greater
scan length in comparison with the present study. They applied the scan length
of 300 mm which was greater than the scan length of our study which varied
between 274 - 276 mm. On the other hand, they used Care Dose technique with
a 64-slice CT scanner that has been equipped with longitudinal and angular tube
current modulation [10]. In the present study, we limited scan range as mini-
mum as possible to reduce the radiation dose to the breast and also to prevent
unwanted radiation dose exposure to the other radiosensitive organs like the

thyroid. The main limitation of this study was that our sample was relatively
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small. Despite this limitation, the research shed light on the significant dose re-
duction technique that can have a direct impact on improving patient safety and

reducing potential long-term health risks associated with CT imaging.

Future Research Perspective

Implementing personalized CT scanning techniques that take into account fac-
tors like radiation reduction with tube current modulation for each case, the
number of CT examinations a particular patient underwent during his/her life-
time, the patient’s cumulative exposure and estimation of associated radia-
tion-induced cancer risk and individual’s clinical history can help physicians
make more reasonable risk-benefit decisions in the future. From clinical point of
view, this approach becomes even more important when a physician must de-

cide about the necessity of recurrent CT imaging [34].

5. Conclusion

In this study, the feasible approach to reduce radiation dose in chest CT scan in
trauma patients was presented. As patients may need to repeat medical imaging,
using appropriate and practicable protocols has notable impact on patient dose.
We used BMI as an essential factor to optimize tube current in chest CT and we
obtained lower radiation dose value during CT scans examination. Optimizing
tube current of 120 mAs can reduce breast surface dose by up to 50% in com-
parison with 200 mAs at the fixed tube voltage of 120 kVp and as a consequence,
it could reduce the incidence of breast cancer by 33.6%.
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