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Evaluation of Head, Thorax
and Abdomen-Pelvic Radiation Dosage
from Computed Tomography
with Dosimetry

Kuo-Ying Liu"’, Tai-Been Chen’, Yung-Hui Huang’,
Chun-Chung Lui', Nan-Han Lu™"

Objective: This study investigated the dosage of computed tomography (CT) ionizing radiation
at institutions affiliated to this medical group, compared the technical performance of different
manufacturers, discussed the performance of different device models, and calculated the ionizing
radiation dose as precisely as possible without affecting clinical practices.

Methods: Of a patient population of 1,522 retrospectively analyzed for CT radiation dosage,
660 (43%) were female and 862 (57%) were male. We assessed three different CT modalities
during the study period for the fulfillment of the eligibility criteria and recorded the CT dose
index (CTDI) and calculated the size-specific dose estimate (SSDE) for each patient. Both
imaging procedures and parameters have followed the recommendations and guidelines of the CT
instrument. Regression analysis was applied to estimate the correlation between CTDI and SSDE.
The index of offset dosage was determined with a regression equation.

Results: The R? and slopes of the regression model between CTDI and SSDE showed that the
automatic exposure control (AEC) technique substantially fitted the participant’s body size in CT
examination and reduced the dosage of radiation exposure (i.e., R>=0.79 — 0.96 and slope = 0.71
—0.98 for thorax; R? = 0.5 — 0.94 and slope = 0.44 — 0.97 for abdomen-pelvic). Meanwhile, the
results of regression analysis showed that the 640-row CT was associated with minimum offset
dosages.

Conclusion: Our results demonstrated that the radiation dosage generated by 640-row CT
was lower than that by the others, while the dosage of the 128-row equipment was higher than
that of the 16-row. Therefore, the correlation between radiation exposure dosage and numbers
of CT detectors was insignificant. Moreover, the minimum offset dosage (i.e., minimal
difference between CTDI and SSDE) was associated with the 640-row CT. Hence, our analysis
demonstrated that the 640-row CT could provide the most accurate radiation dosage for thoracic
and abdomen-pelvic examination according to the patient’s anthropometric parameters.
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Introduction

here has been a growing interest in the

study of computed tomography (CT) in
recent years because of its excellent diagnos-
tic capability."* However, CT involves a higher
radiation dosage than that associated with more
common conventional imaging procedures and
it is also a common source of ionizing radia-
tion. To comply with the international guide-
lines on ionizing radiation protection, profes-
sionals working with radiation have endeav-
ored to reduce the ionizing radiation associated
with CT examination.®® Several organizations,
including health supervision units in North
America, American College of Radiology
(ACR), Radiological Society of North America
(RSNA), and various academic societies world-
wide have developed standards for reducing
the dosage of CT ionizing radiation to provide
practical guidelines for related professionals
to follow.”!" However, the complex interac-
tions between different CT devices and vari-
ous scanning techniques may contribute to
the wide variations in CT ionizing radiation
dosage reported from different medical insti-
tutions.'*'>!1° Previous studies have indicated
that exposure to ionizing radiation at a younger
age is related to a higher risk of cancer devel-
opment.'”" Automatic exposure control (AEC)
of the X-ray tube is a widely adopted technol-
ogy to lower the ionizing radiation dosage. In

particular, it has been proved empirically effec-
tive for decreasing ionizing radiation dosage
in chest and abdomen examinations.?*** This
study attempted to investigate the CT ioniz-
ing radiation dosage at institutions affiliated
to this medical group, compare the technical
performance of different manufacturers, evalu-
ate the performance of different device models,
and accurately calculate the ionizing radiation
dosage without affecting clinical practices.

Materials and Methods

The current study retrospectively
reviewed the Picture Archiving and Commu-
nication System (PACS) database to randomly
collect information from adult patients (age >
18 years) who underwent thoracic or abdom-
inal-pelvic CT examinations at three medical
institutes affiliated to the E-Da Healthcare
Group between January 2017 and December
2018. Patients who were less than 18 years old
and those who failed to cooperate during CT
examination were excluded from the present
study. In addition, images acquired for special
examinations were also excluded. The institu-
tional review board of E-Da Hospital reviewed
the study procedures and approved the waiving
of informed consent for the current (EDAH
IRB No. /Protocol No.: EMRP-106-074).

We assessed three different CT models
during the study period for patients who
fulfilled the eligibility criteria. CT examina-

Table 1. Acquisition parameters of three computed tomography scanners in three body regions

Item Model 16-row 640-row 128-row
Year of introduction to E-Da Healthcare Group 2015 2015 2016
kVp 130 120 120
Head Rotation time 1.5 s/rot 0.75 s/rot 1 s/rot
Detector row 1.2 x 12 mm 0.5 x 32 mm 0.625 x 32 mm
kVp 130 120 120
Thorax Rotation time 0.6 s/rot 0.275 s/rot 0.6 s/rot
Detector row 1.2 x 16 mm 0.5 x 80 mm 0.625 x 64 mm
kVp 130 120 120
Abdomen-pelvis ~ Rotation time 0.6 s/rot 0.5 s/rot 0.8 s/rot
Detector row 1.2 X 16 mm 0.5 x 80 mm 0.625 x 64 mm

kVp: kilovoltage peak
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tions were performed by using a 16-row CT
(SOMATOM Emotion 2015 Siemens Medical
Solutions, Germany), 640-row CT (Aquilion
One ViSION Toshiba Medical Systems,
Japan 2015) at the E-Da Cancer Hospital, and
128-row CT (Optima CT660; GE Healthcare,
Milwaukee, Wis 2016) at the E-Da Dachang
Hospital. The CT acquisition parameters are
summarized in Table 1. The setting of each CT
device was in accordance with the scan param-
eters recommended by their manufacturers for
technical or clinical considerations.

Volume CT Dose Index (CTDIvol)

Since the early 1980s, the dosage of CT
radiation exposure has been assessed with the
CT dose index (CTDI)” that serves as a metric
to quantify scanner output from multiple con-
tiguous acquisitions and reflects the measured
dose to the center of a scan volume.”’ Over
the past three decades, the CTDI has been
modified from its original definition to account
for advances in CT technology. The Volumetric
CTDI (CTDIvol), which is currently used for
the assessment of ionizing radiation exposure,
was specifically derived to address any gaps
or overlaps between the collimation of X-ray
tubes and the number of CT detectors. The
dosages of X-ray beams from consecutive ro-
tations of the X-ray tube that are displayed on
the CT console are documented in the “Dose
Report” of the CT examination. The CTDIvol
is generally defined for two diameters of poly-
methylmethacrylate (PMMA) phantoms repre-
senting the head (16 cm in diameter, yielding
CTDIvol'®) and body (32 cm in diameter,
yielding CTDIvol*?). The computation of
CTDlvol is as shown in formula (1 — 3).

The equation represented CTDI,,, mea-
surements with a 100 mm ion chamber, where
nT = the width of the X-ray beam; CTDI, =
weighted average with CTDI,,, of the center
and peripheral in the phantom to arrive at a
single descriptor; D = distance that the bed
moved at a pitch setting of 360 degrees of the
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X-ray tube rotation.

Size-Specific Dose Estimates (SSDE)
Although prior studies mainly relied on
CTDlvol for assessing the need for changes in
radiation doses from CT scanners according to
patient size,"” the parameter could not provide
accurate information and may incorrectly
estimate the radiation dose of a CT examination
because of a lack of a detailed consideration
of body anthropometrics. The American As-
sociation of Physicists in Medicine published
Report 204 has proposed the use of CTDI
with size-specific dose estimate (SSDE) con-
version factors in computing a more accurate
dose estimate for pediatric and adult body CT

imaging.””'

Consistently, a previous study has
demonstrated an improvement in the accuracy
of dosage assessment by more than 10% when
CTDI is coupled with estimates of patient size
and a knowledge of the anatomy scanned.”
SSDE conversion factors were created for
two CTDI phantom diameters (i.e., 16 and 32
cm). The computation of SSDE is shown in
formulae (4 — 7) and Figure 1.*” The conver-
sion of CTDIvol to SSDE is shown in formulae

(8 & 9).

1 mm
(1) CTDILypp= o D(z) dz
2) CTDL, = CTDr "+ 2 periphery
(2 LA 100 ?CTDlloo
_ CTDI,
(3) CTD]W)I_ pltch
LAT
@.1) r=—5—
AP
(42) = T
(5) A= mr,r,

(6) effective_diameter = 2 J% =\AP x LAT

(7) SSDE=CTDI  « f

size
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32em

(8) f T =qax e—b x effective_diameter

size

(9) flﬁ.cm - ax e_b x effective_diameter

size

Recommendation on the calculation
of SSDE by the Report 204’7 is shown in
Formulae 8 and 9 as well as Figure 1, where a
= 3.7 and b = 0.0367 for the formula (8); a =
1.87 and b = 0.0387 for the formula (9). Lateral
diameter (LAT) and anterior-posterior diameter
(AP) are defined in Figure 1.

The combined tube current modulation
system from GE is AutomA 3D’ consists
of two parts: AutomA provides longitudinal
AEC and Smart mA provides angular AEC,
which can be used separately or in concert. The
Siemens system uses a combined tube current
modulation system called CARE Dose 4D
3¢ with automatic tube current modulation,
according to the patient’s size and attenua-
tion changes. The real-time, online, controlled
tube current modulations during each tube
rotation are provided by the system. Toshiba
uses a combined system called Sure Exposure
3D.”*** The system makes use of the frontal
and lateral patient diameter, as well as the
detector intensities to account for the oscillat-
ing tube current modulation during each gantry
rotation.™

Using a quantitative complex-based
SSDE method, we evaluated the accuracy of
radiation dose distribution in the three differ-
ent CT models in a cohort of study participants
with reference to their anthropometric param-
eters.

Statistical analysis

All quantitative data are expressed as
mean + standard deviation. The data sets in
this study were summarized by using descrip-
tive statistical analysis. The Kruskal Wallis test
was used to study the associations of CTDIvol,
SSDE, and age with three different examination
regions using three CT models, while the cor-

circle of equal area

RN .

[ lateral
<— effective diameter

Fig. 1 Schematic diagram illustrating the mathematical
conversion of anteroposterior (AP) and lateral
diameters (LAT) diameters into a circle, in which
the diameter (i.e., effective diameter) was used
for the computation of size-specific dose estimates
(SSDE) (Note: AP and LAT diameters
representing maximum diameters on topograms).

relation coefficients (r) between CTDIvol and
SSDE were estimated by the Pearson method.
All comparison, linear regression, and correla-
tion analyses were calculated by using Excel,
version 2010 (Microsoft, Redmond, Wash) and
SPSS (16/17, Chicago, IL, USA). A p value
less than 0.05 was considered statistically sig-
nificant.

Results

Of the 1,522 patients retrospectively
reviewed for CT radiation exposure dosage
analysis, 660 (43%) were female and 862
(57%) were male (Table 2). The basic char-
acteristics of the study participants, their con-
verted anthropometric parameter (i.e., effective
diameter), the body region examined, the CT
model used, and radiation dosage are sum-
marized in Table 2. The results showed that
128-row CT had the highest radiation dose in
the head, thorax, and abdomen-pelvis examina-
tions. Dosage of CT radiation in the head was
higher than that in the thorax and abdomen-
pelvis from all three CT modalities.

Kruskal Wallis analysis demonstrated that
both SSDE and age were significantly higher
in the male group than those in their female
counterpart when undergoing head studies
regardless of the scanner chosen (p < 0.001).
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Fig. 2 Linear regression comparison of CTDIvol with SSDE using 16-row, 640-row, and 128-row computed
tomography scanners in patients undergoing thoracic examination. CTDIvol: Volume CT Dose Index; SSDE:

Size-Specific Dose Estimates.
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Fig. 3 Linear regression comparison of CTDIvol with SSDE for 16-row, 640-row, and 128-row scanners during
abdomino-pelvic examination. CTDIvol: Volume CT Dose Index; SSDE: Size-Specific Dose Estimates.

Focusing on thoracic and abdomen-pelvic
studies, CTDIvol, SSDE, and age were signifi-
cantly higher in males than those in females (p
< 0.001). The 128-row model was associated
with the largest values of SSDE and CTDIvol
compared with those in the other two models
(Table 3).

For head examination, the correlation co-
efficient (r) between CTDIvol and SSDE was
highest for the 640-row device and lowest for
the 128-row model (0.72 and 0.178, respec-
tively). In contrast, the highest and lowest cor-
relation coefficient were associated with the
128-row and 640-row models (0.978 and 0.891,
respectively) for patients undergoing thoracic
examination. For patients receiving abdomen-
pelvic examination, the 128-row and 16-row
models showed the highest and lowest CC (0.97
and 0.705), respectively. When the whole body
was considered, the 640-row scanner demon-
strated the best correlation between CTDIvol
and SSDE compared to that in the other two
models. Although the correlation coefficient
for thoracic examination associated with the
640-row scanner was lower (0.891) than that
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with the 128-row model (0.978), both showed
a positive correlation (r > 0.7) (Table 4).

Linear regression analysis demonstrated
a high correlation between CTDIvol and SSDE
in patients receiving thoracic examination with
all three scanners (R*= 0.7993, 0.7937, 0.9574
with the 16-, 640-, and 128-row scanners, re-
spectively), while the correlation was low with
the 16-row scanner (0.4976) and high for the
640-, and 128-row models (0.9316 and 0.9413,
respectively) for abdomino-pelvic examination
(Fig. 2 & 3). The 640-row scanner provided the
minimum offset dosages for patients undergo-
ing thoracic and abdomino-pelvic examinations
(1.87 and 4.5, respectively) compared with
those of the other two models.

Discussion

The comparatively diversified changes in
CTDIvol and SSDE during the CT examina-
tions may be attributable, at least in part, to the
baseline heterogeneity in both AEC technique
and sample size. The bony structure of the
skull may contribute to the highest CTDIvol
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Table 2. Patient population and results of radiation dosage analysis using three computed tomography scanners in

three body regions

Item Model 16-row 640-row 128-row total
No. of exam. 162 156 154 472
58+ 18.7 50+9.4 60+ 17 5574+ 16.4
Age (year) (20— 96) (23 - 79) (20 - 91) (20 - 96)
56.7+0.7 574+1.6 59.1+0.5 577415
CTDIvol (mGy) (53.1-63.8) (52.4 —57.9) (55.7 - 59.5) (52.4 - 63.8)
Head
- SSDE (mGy) 4334216 445426 459426 44527
Y (36.4 - 48.5) (36.7 - 51) (37.5 - 52.3) (36.4 - 52.3)
Difference 24% 22% 22% 23%
Effective diameter 1893103 186.3+9.2 186.3+12.1 187.4+ 10.6
(168 —227) (162 —208) (160 — 228) (160 — 228)
No. of exam. 247 158 154 559
61+ 13 51+10.3 52+15.7 56.1+ 14
Age (year) (20— 88) (26— 82) (20 — 86) (20— 88)
51+13 58+24 11.7+52 71+42
CTDlIvol (mGy) (2.8-11.8) (3.2 15.8) (5.3 - 35.9) (2.8 35.9)
Thorax 6.7+ 1.1 6.6+2.2 154452 9.1+5
SSDE (mGy) (3.4-10.3) (3.2-17.3) (8.3 33.8) (3.2-33.8)
Difference 24% 12% 24% 22%
o 330.1 +34.7 368.5+52.7 323.7+30.4 3392+ 43.7
Effective diameter
(232 - 479) (233 — 506) (242 — 418) (232 - 506)
No. of exam. 239 97 155 491
N 50+15.6 51+11.6 55+ 15 563+ 15.1
ge (year) (20— 93) (26— 85) (20-97) (20-97)
79+1.9 7543 16.6+ 6.2 10.6+5.7
~ CTDIvol (mGy) (3.9-16) (5.5-32.3) (10.6 — 45.5) (3.9 45.5)
Abdomen-pelvis
104412 10.1+223 231462 144+7
SSDE (mGy) (6.6 —15.8) (7.7 -29.1) (15.8 - 50.6) (6.6 — 50.6)
Difference 24% 26% 28% 26%
Effective diameter | 3271 %456 32344332 312.7+29.8 321.8+39.3
(220 — 463) (257 — 430) (237 — 410) (220 — 463)

CTDlvol: Volume CT Dose Index; SSDE: Size-Specific Dose Estimates

and SSDE for head examination compared
with the other two body regions regardless of
the CT model chosen. When the whole body
was considered, the 128-row scanner gave the
highest CTDIvol independent of the patient’s
gender. Our results demonstrated no correlation
between CTDIvol and the number of detectors
in a scanner.

A potential risk of cancer development

related to radiation exposure from CT exami-
nation hinders its liberal application."”" Multi-
detector CT scanner has been gaining popular-
ity in current imaging examinations because
of the advantage of a shortened examination
time that enables higher spatial and temporal
resolution.'” However, several studies have
shown an increase in radiation exposure of up
to 27 — 36% associated with multi-detector CT
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Table 3. Comparison of radiation exposure dosage associated with three computed tomography scanners in three
body regions between men and women

Item Gender Index 16-row 640-row 128-row p
N 80 54 91 225
Women  SSDE (mGy) 444+19 463 +2.4 46.9+23 <0.001
Age (year) 58.1+£19 51+11.7 60.3+17.3 <0.001
Head N 82 102 63 247
Men  SSDE (mGy) 422+19 43.6+2.3 445+23 <0.001
Age (year) 57+18.5 493+10.2 59.1+16.6 <0.001
N 111 38 86 235
CTDIvol (mGy) 49+1.4 46+1.3 9.5+3.9 <0.001
women - < DE (mGy) 6.6= 1 58+1.4 13.4+4.4 <0.001
Thorax Age (year) 61+12.8 5424129 524+15.6 <0.001
N 136 120 68 324
CTDIvol (mGy) 526+ 128 6.2+2.5 143 +5.4 <0.001
Men SSDE (mGy) 6.8+ 1.1 69+23 18.1+4.9 <0.001
Age (year) 61.7+13.2 50.6+9.2 523£15.9 <0.001
N 106 24 70 200
CTDlIvol (mGy) 78+1.9 75+523 15.8+6.7 <0.001
Women  gspE (mGy) 10.8% 1.3 10.4+ 4.1 229465 <0.001
Abdomen- Age (year) 59.3+17 55+ 11.8 53.7+15.1 0.014
pelvic N 133 73 85 291
CTDIvol (mGy) 7.9+2 7.6+1.7 172+5.8 <0.001
Men  SSpE (mGy) 101+ 1 10+13 233+6.1 <0.001
Age (year) 593+ 14.6 49.1+11.3 56.2+14.9 <0.001

CTDIvol: Volume CT Dose Index; SSDE: Size-Specific Dose Estimates

compared with single-detector CT.”*!

Our analysis provided an insight into
the radiation dosage of three multi-detector
scanners on examining different regions of the
body. Our results revealed a lower radiation
dose in the 16-row CT device when it was used
in the thorax or the abdomen-pelvis compared
to that of the 128-row scanner.

Our demonstration of no significant cor-
relation between the number of detectors of a
scanner and radiation dosage could eliminate
the patient’s concern when undergoing CT ex-
amination. The difference between CTDIvol
and SSDE for the 640-row device was 12%,
whereas that for the other two models was
about 24%. The CTDIvol of a 640-row device
was closer to SSDE, indicating that this model
could better reflect the radiation dose for
patients with diverse body shapes using the
AEC technique.” "
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The risks of cancer and mortality due to
medical examinations are mainly affected by
low-level ionizing radiation dosage, age, and
gender.'”* In thoracic examination, the dosage
differences between males and females under-
going examinations with the 16-row, 640-row,
and 128-row models were 6.8%, 25%, and
33%, respectively due to a gender difference in
tissue density.

Our finding of a larger difference between
CTDIvol and SSDE in the abdomino-pelvic
examination (i.e., 26%) compared to that of
head (i.e., 23%) and thorax (i.e., 22%) exami-
nations was probably attributable to variations
in abdomen-pelvic anatomy of the patients.

Although our results showed that the
128-row device generated a larger radiation
dose than that from the other two models when
it was used for abdominal scanning, there
was a good correlation between CTDIvol and
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SSDE scanning (r = 0.965). Therefore, our
finding highlighted the advantage of its use for
patients with different body shapes requiring an
abdominal examination.

Despite the lack of a normal distribu-
tion in the values of SSDE in our participants
because of a wide variation in body shape (i.e.,
extremely thin or obses), the 640-row scanner
showed the highest overall correlation in head,
thoracic, and abdomino-pelvic examinations
compared to that of the other two models (i.e.,
lowest correlation in the 16-low scanner).

Estimated linear regression models
demonstrated a better correlation between
SSDE and CTDIvol associated with the use
of the 640-row and 128-row scanners (R*=
0.79 —0.95, slope = 0.74 — 0.98) for thoracic
and abdomino-pelvic studies than that with
the 16-row scanner (R’= 0.49). The findings
were consistent with those of previous studies
that reported more accurate radiation dosage
assessment with the 128-row and 640-row
models than that when the 16-row scanner was
used.™’

Regarding radiation dosage, linear regres-
sion analysis revealed a lower dosage associ-
ated with the 640-row scanner compared with
that of the 128-row model for both thoracic
(offset values: 1.86 vs. 3.97, respectively) and
abdomen-pelvic (offset values: 4.9 vs. 6.73,
respectively) examinations. Variations in the
abdominal-pelvic region due to differences
in body shape, operations, and bone material
density remain a significant confounder in the
assessment of AEC, and may contribute to

a higher dosage (i.e., higher offset value) in
the abdomino-pelvic examination than that in
thoracic scanning.

Limitations

Our study had some limitations. First,
because we did not have patients with a full
range of body sizes for comparison, our
findings cannot be extrapolated to those with
an extreme body build (e.g., morbidly obsese
or pediatric patients). Second, since we did not
select patients based on their demographic or
clinical characteristics, potential heterogeneity
arising from differences in gender, underlying
diseases, previous operations and implantations
as well as bone marrow density may bias our
findings.

Conclusion

The results of the current study demon-
strated a minimal difference between CTDI
and SSDE (i.e., offset dosage) associated with
the 640-row CT scanner compared with that
of the other two models, indicating the lowest
radiation dosage generated by the 640-row CT
scanner. Moreover, we showed no significant
correlation between radiation exposure dosage
and the number of CT detectors. Our finding of
an accurate assessment of dosimetry-based as-
sessment of radiation dosage using the 640-row
CT scanner may highlight a lower risk of over-
or under-estimating radiation dosage in patients
with different body shapes compared to that
when the other two models are used.

Table 4. The correlation coefficient (r) between CTDIvol and SSDE analysis for men and women. *

Thorax Abdomen-pelvis
Modality  Correlation coefficient Head Women Men total Women Men total
16-row Pearson 0.204 0.878 0911 0.894 0.792 0.713 0.705
640-row Pearson 0.720 0.751 0.901 0.891 0.985 0.918 0.965
128-row Pearson 0.178 0.979 0.978 0.978 0.970 0.979 0.970

*Significance of difference determined with Pearson correlation analysis; CTDIvol: Volume CT Dose Index; SSDE:

Size-Specific Dose Estimates

16



Liu et al. / E-Da Medical Journal 2021;8(1):9-18

Acknowledgment

The authors would like to thank the E-Da

Cancer Hospital, Taiwan, for providing the

financial support for this study (Grant No.
EDCHT107001).

References

10.

11.

Hricak H, Brenner DJ, Adelstein SJ, et al: Managing
radiation use in medical imaging: a multifaceted
challenge. Radiology 2011;258:889-905. doi:
10.1148/radiol.10101157.

Sodickson A, Baeyens PF, Andriole KP, et al:
Recurrent CT, cumulative radiation exposure, and
associated radiation-induced cancer risks from CT
of adults. Radiology 2009;251:175-84. doi: 10.1148/
radiol.2511081296.

Griffey RT, Sodickson A: Cumulative radiation
exposure and cancer risk estimates in emergency
department patients undergoing repeat or multipl
CT. AJR Am J Roentgenol 2009;192:887-92. doi:
10.2214/AJR.08.1351.

Brenner DJ, Hall EJ: Computed tomography:
an increasing source of radiation exposure. N
Engl J Med 2007;357:2277-84. doi: 10.1056/
NEJMra072149.

Mileto A, Nelson RC, Larson DG, et al: Variability
in radiation dose from repeat identical CT
examinations: longitudinal analysis of 2851 patients
undergoing 12,635 thoracoabdominal CT scans in
an academic health system. AJR Am J Roentgenol
2017;208:1285-96. doi: 10.2214/AJR.16.17070.

Li X, Samei E, Segars WP: Patient-specific
radiation dose and cancer risk for pediatric chest
CT. Radiology 2011;259:862-74. doi: 10.1148/
radiol.11101900.

Greenwood TJ, Lopez-Costa RI, Rhoades PD, et
al: CT dose optimization in pediatric radiology:
a multiyear effort to preserve the benefits of
imaging while reducing the risks. Radiographics
2015;35:1539-54. doi: 10.1148/rg.2015140267.
Kalra MK, Sodickson AD, Mayo-Smith WW: CT
radiation: key concepts for gentle and wise use.
RadioGraphics 2015;35:1706-21. doi: 10.1148/
rg.2015150118.

Kalra MK, Maher MM, Toth TL, et al: Strategies
for CT radiation dose optimization. Radiology
2004;230:619-28 doi: 10.1148/radiol.2303021726.
Brink JA, Amis ES Jr: Image wisely: a campaign to
increase awareness about adult radiation protection.
Radiology 2010;257:601-2. doi: 10.1148/
radiol.10101335.

Brink JA, Miller DL: U.S. national diagnostic
reference levels: closing the gap. Radiology
2015;277:3-6. doi: 10.1148/radiol.2015150971.

17

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Jaffe TA, Yoshizumi TT, Toncheva G, et al:
Radiation dose for body CT protocols: variability of
scanners at one institution. AJR Am J Roentgenol
2009;193:1141-7. doi: 10.2214/AJR.09.2330.

Harri PA, Moreno CC, Nelson RC, et al: Variability
of MDCT dose due to technologist performance:
impact of posteroanterior versus anteroposterior
localizer image and table height with use of
automated tube current modulation. AJR Am
J Roentgenol 2014;203:377-86. doi: 10.2214/
AJR.13.11608.

Brink M, de Lange F, Oostveen LJ, et al: Arm
raising at exposure-controlled multidetector
trauma CT of thoracoabdominal region: higher
image quality, lower radiation dose. Radiology
2008;249:661-70. doi: 10.1148/radiol.2492080169.
Kalra MK, Maher MM, Toth TL, et al: Comparison
of Z-axis automatic tube current modulation
technique with fixed tube current CT scanning of
abdomen and pelvis. Radiology 2004;232:347-53.
doi: 10.1148/radiol.2322031304.

Smith-Bindman R, Moghadassi M, Wilson N, et al:
Radiation doses in consecutive CT examinations
from five University of California Medical Centers.
Radiology 2015;277:134-41. doi: 10.1148/
radiol.2015142728.

National Research Council: Health risks from
exposure to low levels of ionizing radiation: BEIR
VII Phase 2. Washington, DC: National Academies
Press, 2006. doi: 10.17226/11340.

Brenner D, Elliston C, Hall E, et al: Estimated risks
of radiation-induced fatal cancer from pediatric
CT. AJR Am J Roentgenol 2001;176:289-96. doi:
10.2214/ajr.176.2.1760289.

Linton OW, Mettler FA Jr, National Council
on Radiation Protection and Measurements:
National conference on dose reduction in CT,
with an emphasis on pediatric patients. AJR Am
J Roentgenol 2003;181:321-9. doi: 10.2214/
ajr.181.2.1810321.

Sodickson A: Strategies for reducing radiation
exposure in multi-detector row CT. Radiol
Clin North Am 2012;50:1-14. doi: 10.1016/
j-rcl.2011.08.006.

Kalra MK, Maher MM, Toth TL, et al: Strategies
for CT radiation dose optimization. Radiology
2004;230:619-28. doi: 10.1148/radiol.2303021726.
Mayo-Smith WW, Hara AK, Mahesh M, et al: How
I do it: managing radiation dose in CT. Radiology
2014;273:657-72. doi: 10.1148/radiol.14132328.
Lee KH, Lee JM, Moon SK, et al: Attenuation-based
automatic tube voltage selection and tube current
modulation for dose reduction at contrast-enhanced
liver CT. Radiology 2012;265:437-47. doi: 10.1148/
radiol.12112434.

Yu L, Li H, Fletcher JG, et al: Automatic selection
of tube potential for radiation dose reduction in CT:
a general strategy. Med Phys 2010;37234-43. doi:
10.1118/1.3264614.

Shope TB, Gagne RM, Johnson GC: A method for



26.

27.

28.

29.

30.

31.

32.

33.

Liu et al. / E-Da Medical Journal 2021;8(1):9-18

describing the doses delivered by transmission x-ray
computed tomography. Med Phys 1981;8:488-95.
doi: 10.1118/1.594995.

Suzuki A, Suzuki MN: Use of a pencil-shaped
ionization chamber for measurement of exposure
resulting from a computed tomography scan. Med
Phys 1978;5:536-9. doi: 10.1118/1.594445.

Brady SL, Kaufman RA: Investigation of American
Association of Physicists in Medicine Report
204 size-specific dose estimates for pediatric CT
implementation. Radiology 2012;265:832-40. doi:
10.1148/radiol.12120131.

Boone JM, Strauss KJ, Cody DD, et al: Size-specific
dose estimates (SSDE) in pediatric and adult body
CT examinations: report of AAPM task group 204.
In: AAPM Report No. 204. College Park, MD:
American Association of Physicists in Medicine,
2011.

Mileto A, Ramirez-Giraldo JC, Nelson RC, et al:
High-pitch dual-source MDCT for imaging of
the thoracoabdominal aorta: relationships among
radiation dose, noise, pitch, and body size in
a phantom experiment and clinical study. AJR
Am J Roentgenol 2015;205:834-9. doi: 10.2214/
AJR.15.14334.

Bankier AA, Kressel HY: Through the looking
glass revisited: the need for more meaning and less
drama in the reporting of dose and dose reduction
in CT. Radiology 2012;265:4-8. doi: 10.1148/
radiol.12121145.

Brady SL, Kaufman RA: Investigation of American
Association of Physicists in Medicine report
204: size-specific dose estimates for pediatric CT
implementation. Radiology 2012;265:832-40. doi:
10.1148/radiol.12120131.

McCollough CH, Leng S, Yu L, et al: CT dose
index and patient dose: they are not the same
thing. Radiology 2011;259:311-6. doi: 10.1148/
radiol.11101800.

Keat N. CT scanner automatic exposure control
systems. MHRA evaluation report 05016 (February

34.

35.

36.

37.

38.

39.

40.

41.

42.

18

2005). London: Medicines and Healthcare
products Regulatory Agency, 2005. doi: 10.13140/
RG.2.1.3128.4720.

McCollough CH, Bruesewitz MR, Kofler JM Jr:
CT dose reduction and dose management tools:
overview of available options. Radiographics
2006;26:503-12. doi: 10.1148/rg.262055138.
General Electric. Brochure: LightSpeed 2369740-
142 (Swedish text). General Electric Company
2004;6:7-16.

Siemens AG Medical Solutions: SOMATOM
Sensation 64 Application Guide. Software Version
syngo CT 2005A. Erlangen: Siemens AG Medical
Solutions, 2009.

Blobel J, Mews J, de Vries H: Optimization
and reduction of CT radiation exposure using
SureExposure control, illustrated by a thorax
protocol. Toshiba Medical Systems, VISIONS
2004;6:12-15.

Séderberg M, Gunnarsson M: Automatic exposure
control in computed tomography—an evaluation of
systems from different manufacturers. Acta Radio
2010;51:625-34. doi: 10.3109/02841851003698206.
Hamberg LM, Rhea JT, Hunter GJ: Multi—detector
row CT: radiation dose characteristics. Radiology
2003;226:762-72. doi: 10.1148/radiol.2263020205.
Mayo JR, Aldrich J, Miiller NL: Radiation
exposure at chest CT: a statement of the Fleischner
Society. Radiology 2003;228:15-21. doi: 10.1148/
radiol.2281020874.

Moore WH, Bonvento M, Olivieri-Fitt R:
Comparison of MDCT radiation dose: a phantom
study. AJR Am J Roentgenol 2006;187:W498-502.
doi: 10.2214/AJR.05.1491.

National Research Council (US) Committee on
Health Effects of Exposure to Low Levels of
Tonizing Radiations (BEIR VII): Health Effects of
Exposure to Low Levels of Ionizing Radiations:
Time for Reassessment? Washington (DC): National
Academies Press (US), 1998. doi: 10.17226/6230.





