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ABSTRACT

Background: Worldwide the computed tomography (CT) scanning is
recognized as a high radiation dose modality. This article aimed to estimate
the radiation dose reduction and radiogenic risks for adult patients
undertaking abdominal CT examinations. Materials and Methods: A total of
128 patients were studied using 2, 4, 16 and 64 slice CT scanners. The patients
were divided into two categories: the first category as control category (80
patients), and the other as optimisation category (48 patients). The
optimisation protocol was based on decreasing the gantry rotation time.
Results: In general, the faster gantry rotation times (0.7 s/rot and 0.5 s/rot)
resulted in dose reduction while maintaining images noise within the
acceptable range. After dose optimization, the overall cancer risk was
reduced by 21%, 49%, 29%, and 16%, for the patients undergoing abdominal
examinations on 2, 4, 16 and 64 slice CT scanners, respectively. Conclusion:
The patient dose optimisation during CT abdomen was investigated. By
lowering gantry rotation time, a radiation dose reduction of up to 30 % was
achieved without compromising the diagnostic findings. Accordingly, the
attention of all technologists necessary to take advantage of the dose
reduction methods reported in this study.
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INTRODUCTION

Since the advent of CT scanners, its
utilizations  started continues to grow
substantially, however, concern about radiation
risks from CT also increased. Worldwide the CT
imaging is recognized as a high radiation dose
modality and responsible for 70 % medical
radiation exposure (1). The mean of the effective
dose values varies in literature according to the
type of CT examinations. For example, the
overall dose received by patients undergoing
abdomen and pelvis examinations range
between 8 mSv and 14 mSv (24). Due to the high
radiation dose associated with CT imaging, its
evaluation becomes an important issue.
Furthermore, an attempt to reduce radiation

dose is critically important.

The radiation output of a CT scanner and the
stochastic health risk to the patient's body were
commonly evaluated using computed
tomographic dose index (CTDI) and effective
dose, respectively. The CTDI allows us to
estimate the amount of energy delivered to an
acrylic phantom per gantry rotation. However,
the effective dose takes into account the
different sensitivity of tissues and organ, thus
providing an initial estimation of radiogenic risk
). Before the advent of helical scanners, the
CTDI weighted (CTDIw) calculated by measuring
the dose at the center and periphery of the
phantom (16 cm and/or 32 cm diameter) using a
pencil ionization chamber. The CTDIw concept
was previously used for rotate-stationary, wide
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fan beam or narrow fan beam scanners ). For
helical scanners, however, the CTDIw concept
breaks down because of pitch variation.
Accordingly, the volume CTDI (CTDIvol) was
introduced by the American Association of
Physicists in Medicine (AAPM) (). CTDIvol is also
based on measurements obtained when
scanning either a 16cm or 32 cm phantom.
However, CTDIvol calculated by dividing the
CTDIw by pitch value (. The dose-length
product (DLP) is another quantity used to
evaluate the CT tube radiation output based on
the scan length and CTDIvol (). These quantities
provide specific information about proportional
variation in dose according to modification in
the parameters of CT examination.

The CT imaging of the abdomen is one of the
most common radiological examinations, as it
helps detect diseases of the colon and other
internal organs. Moreover, it's used to evaluate
potential malignancies. However, during CT
abdomen procedure, kidney dose may be as
much as 30-50 mGy, even though kidneys are
not the target of imaging procedure (). One
technique in which the radiation dose to the
radiosensitive organs can be reduced by 20-
50% is the use of shielding (8). However, shields
are associated with greater image noise and
streak artefacts (®). Some studies have been
published in radiation protection to patients
during CT procedures (°14). These studies have
shown that there is a wide range of dose values
and acquisition protocols. Furthermore, the data
available on patient doses in CT procedures are
generally outdated because of the continuous
development of CT X-ray generators and
technologic innovation that have taken place
over the past decade from single-slice CT (15) to
640 slices (16), In previous literature, CT dose
reduction achieved by using several techniques
and strategies such as tube current (mAs), tube
voltage (kVp), scan length modulation, and
iterative  reconstruction  algorithms (7).
However, patients are still exposed to a higher
amount of radiation in CT imaging compared
with other imaging modalities

The modern CT scanners use rapid imaging
technology to reduce radiation dose received by
patients, such as fast gantry rotation times. Time
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reduction is a useful feature when imaging the
abdomen region because it reduces the artefacts
(18). However, streaking artefacts are also caused
by decreasing gantry rotation time. Recently,
Beeres et al. evaluated the dose reduction in
chest CT examination based on accelerating
gantry rotation time (8. This study aimed to
evaluate the influence of rotation time on
radiation exposure and image quality during
abdomen examinations using several CT
scanners. In addition, patients’ radiogenic risks
were also investigated.

MATERIALS AND METHODS

In Feb 2018, the study was ethically cleared
by the Scientific Research Ethics Committee at
Najran University (Registration number: 07-02-
8-18EC). Informed consent was obtained from
all individuals included in the study before the
commencement of data collection. A total of 128
patients were divided into two categories: the
first category (A) as control category (80
patients), and the other as optimisation category
(48 patients). In addition, the patients were
divided into four groups based on CT scanner
type. All patients suffered from abdomen
problems that required referring them to the CT
department. The study was performed with four
CT scanners. Table 1 gives a summary of the
distribution of patients groups and the CT
scanners. All examinations of the control
category were performed with local abdomen
protocols using 5.0 mm slice thickness with
various imaging parameters based on patients’
sizes and scanners’ models. Other parameters
used in these protocols such as pitch, kVp, mAs
and rotation time values were ranged between
0.8-4.5, 110-120 kVp, 120-200 mAs, 0.6-1.0
seconds, respectively. All quality-control tests
were implemented to the scanners by expert
medical physicists before the collection of data.
Technical parameters of the exposure and
patients anthropometric data such as age, and
weight were collected for all groups underwent
abdomen CT scanning at the time of the
examination. In this study, the dose optimisation
strategy relied on reduction in gantry rotation
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times while maintaining image noise and
artefact within an acceptable range. The rotation
times were decreased by factors ranged between
1.2 and 1.4 as follows: group A 1.0, 0.7 s/rot;
group B 0.7, 0.5 s/rot; group C 0.7, 0.5 s/rot;
group D 0.6, 0.5 s/rot.

Table 1. Distribution of patient groups according to the CT

systems.
Group FT scanner Modality Number of 'pajuen'ts
code |(Slices number) Control |Optimisation
A ) Siemens 20 14
Somtom
B 4 Siemens |, 12
Sensation
C 16 Sleme.ns 20 12
Sensation
D 64 Toshiba |, 10
Aquilion

The evaluation of image quality was
performed by four radiologists using a region-of-
interest (ROI) tool in the CT software. Moreover,
evaluation of subjective image quality was
performed by three expert radiologists from
independent hospitals using a three-point Likert
scale (3, excellent; 2, moderate; 1, unacceptable).
Inter-Rater reliability analysis was carried out to
determine the degree of agreement among
raters for subjective image quality scoring.
Image quality evaluation was based on an
assessment of the CT number, which expressed
as Hounsfield units (HU). To better visualize
changes in noise across the images, maps of the
standard deviation (SD) for the CT number
within the images were created. These maps
were created by sectioning the axial CT images
into ROIs and calculating the SD of the CT
number for each ROI. The resulting images
qualitatively show how the image noise varies.

Organ doses were determined by using
VirtualDose software which designed as an
application permits users to access its functions
via the Internet (Virtual Phantoms, Inc., New
York, USA). As reported by Ding et al. the
VirtualDose software is extremely reliable and
fully functional in reporting organ doses for the
adult patient (19). The CTDIvol (in mGy) and DLP
(in mGy.cm), indicated by the CT software, were
recorded for each scanner to estimate the

Int. J. Radiat. Res., Vol. 19 No. 1, January 2021

effective dose for patients. The effective dose for
abdomen examinations was calculated based on
k values reported by Shrimpton et al. (20.21). The
tissue weighting factors were obtained from the
International Commission on Radiological
Protection (ICRP) publication 103 (22) and ICRP
publication 60 (23) based on Monte Carlo
simulations.

The risk of developing cancer in a particular
organ following CT abdomen after irradiation
was estimated based on equation (1).

CP=H, x f. 6]

Where; CP is cancer probability, H, is the
mean organ equivalent dose and fr is the risk
coefficients reported by the ICRP publication
103 (22),

All statistics were calculated using either
Microsoft  Office Excel 2013 (Microsoft
Inc, Redmond, WA) and/or the SPSS version 14
(SPSS Inc, Chicago, IL). A two-sample t-test was
used to analyze the study results.

RESULTS

Demographic data (the age and gender) and
scan parameters for the patients undergoing
abdomen CT examinations before and after
optimisation are presented in table 2 and 3.
The ratio between the number of males and
females patients was estimated to be 1.37:1. The
median patient weight and the body mass index
(BMI) for all patients were ranged between
55-68 kg and 18-25 kg/m?, respectively. It is
worth mentioning that the median patient size
was less than the standard sized person
recommended by ICRP (23). The kVp, mAs, pitch,
and slice thickness were constant in the four
groups, whereas the gantry rotation time is
reduced by 16.7 to 30% (table 3).

Table 4 presents the patient’s dose results in
terms of CTDIvol, DLP and effective dose. Among
the four groups, the CT dose reduction of 30%
was achieved by using optimisation technique.
The results also show that the DLP and effective
dose values decreased to 55% and 49%,
respectively. Regarding the relationship
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between CT doses of control and optimisation
groups the t-test performed showed the group
doses correlation were statistically insignificant
(P<0.05).

Table 5 shows the results of image quality
evaluation. As image quality evaluation in this
study based on an assessment of the CT number,
table 5 shows the range and average of CT
number obtained, as well as the average of the
standard deviation of the CT number for each
ROLI. In general, the assessment of the objective
image quality showed that the gantry rotation
time reduction results in insignificant image
noise (table 5). The mean image noise in group
A was outside the acceptable range. However, all

CT images of group B, C, and D were within the
acceptable range and easy to diagnose.
Furthermore, the rating of "excellent" was
obtained by the three radiologists with an
inter-rater reliability of 74% for the four groups.

Table 6 shows the organ equivalent doses
used to estimate the CP risks for male and
female patients. It is also reveals that the CP for
different organs was in a magnitude of 10-6. The
colon and stomach have the highest CP, whereas
the gonad has the lowest CP. The disparity
between CP values can be explained due to the
variation between the radiosensitivity of organs
and the position of organs inside or outside the
radiation field.

Table 2. Demographics information for the patients undergoing abdomen CT examinations before and after optimisation.

Group Code Patients category Age(year)* Gender
Male Female

A Control 46.5+11.7 (35-80) 13 7
Optimisation 39.6%+16.9 (20-74) 5

B Control 56.2+13.7 (14-70) 15
Optimisation 56.5+13.3 (30-70) 6

C Control 49.9+16.1 (20-80) 13 7
Optimisation 43.4+8.3 (35-62) 9 3

Control 53.0+16.5 (32-91) 13 7

P Optimisation 48.3+17.7 (28-82) 6 4

*mean of age values * standard deviation (minimum-maximum)

Table 3. Parameters of image acquisition before and after optimisation during abdomen CT examinations.

. Slice thickness| _. Rotation Time | Reduction

Group Code| Patients category | kVp | mAs (mm) Pitch (sec) (%)
Control 110 | 120 5 2.00 1.0

A 30.0
Optimisation 110 | 120 5 2.00 0.7
Control 120 | 200 5 4.50 0.7

B 28.6
Optimisation 120 | 200 5 4.50 0.5
Control 120 | 160 5 0.84 0.7

C 28.6
Optimisation 120 | 160 5 0.84 0.5
Control 120 | 150 5 1.48 0.6

D 16.7
Optimisation 120 | 150 5 1.48 0.5
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Table 4. CT dose parameters.

Control | Optimisation | Mean dose reduction (%) | P value
Group A
CTDlyo (MGy)* 5.5+1.1(2.8-6.2) 4.3+1.1(2.2-6.2) 26.4% <0.01
DLP (mGy.cm) * | 222.2%57.5 (105.0-312.0) 173.9%54.3 (82.0-276.0) 24.4% <0.01
Effective dose (mSv) 3.3 2.6 21.2% <0.01
Group B
CTDlyo (MGy)* 59.1+15.3 (41.2-82.8) 45.3+4.2 (41.2-56.7) 26.4% <0.01
DLP (mGy.cm)* [2906.6+674.8 (1500.2-3709.1)| 1475.7+378.8 (903.1-2119.1) 55.4% <0.01
Effective dose (mSv) 435 22.1 49.2% <0.01
Group C
CTDlyo (MGy)* 7.1 1.8 (4.4-11.3) 5.2+0.8 (4.2-6.8) 30.1% <0.01
DLP (mGy.cm)* | 339.9+100.7 (146.0-534.0) | 241.0+46.2 (184.0-316.0) 34.1% <0.01
Effective dose (mSv) 5.1 3.6 29.4% <0.01
Group D
CTDlyo (MGy)* 21.9+0.0 (21.9-21.9) 19.7+1.8 (18.3-21.9) 10.6% <0.01
DLP (mGy.cm)* 938.5+200.0 (629.0-1297.0) | 797.8+135.4 (623.7-973.5) 16.2% <0.01
Effective dose (mSv) 14.1 11.9 15.6% <0.01

*mean of age values * standard deviation (minimum-maximum)

Table 5. Comparison between image noise differences (Diff) in the four CT scanners before and after optimisation for abdomen

protocol.
Group Code | Patients category | Image noise (HU)* | Diff between control and optimization (%)
A Control 13.4+3.3 (8.0-23.0) 105
Optimisation 14.8+3.4 (9.6-21.1) )
B Control 7.8+1.7 (4.4-9.7) 51
Optimisation 8.2+2.6 (3.9-13.0) ’
c Control 11.5+3.1 (5.3-16.3) 0.9
Optimisation 11.6+4.0 (5.4-18.6) )
D Control 7.2+1.3 (4.4-9.6) 46
Optimisation 7.5+1.2 (6.0-10.3) )

[ DOR: 20.1001.1.23223243.2021.19.1.26.7 ]

[ DOI: 10.29252/ijrr.19.1.223 ]

*mean of CT number * standard deviation (minimum-maximum)

Table 6. CP for male and female patients undergoing abdomen CT examinations.

Organ equivalent dose (mSv)
Colon | Bladder | Gonads | Liver |Bone Marrow | Stomach
Male risk factor x10™ (Sv') 73 40 12 31 24 51
Female risk factor x10™ (Sv™) 33 39 12 16 22 70
Group A
Male 3.02 3.37 0.12 5.39 0.55 3.59
Female 3.39 3.44 0.23 5.61 0.63 3.89
CP for Male x 10° 22.05 13.48 0.14 16.71 1.32 18.31
CP for Female x 10°° 11.19 13.42 0.28 8.98 1.39 27.23
Group B
Male 29.75 24.89 1.10 43.73 5.13 28.38
Female 32.90 25.65 2.78 44.68 6.13 30.49
CP for Male x 10° 217.18 99.56 1.32 135.56 12.31 144.74
CP for Female x 10° 108.60 100.04 3.34 71.49 13.49 213.43
Group C
Male 3.41 2.85 0.13 5.01 0.59 3.25
Female 3.04 2.23 0.28 4.37 0.63 2.67
CP for Male x 10°® 24.89 11.40 0.16 15.53 14.16 16.58
CP for Female x 10° 10.03 8.70 0.34 6.99 1.39 43.55
Group D
Male 12.94 10.82 0.48 19.02 2.23 12.34
Female 14.31 11.16 1.21 19.43 2.67 13.26
CP for Male x 10° 94.46 43.28 0.58 58.96 5.35 62.93
CP for Female x 10°° 47.22 43.52 1.45 31.09 5.87 92.82
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DISCUSSION

Several researchers reported that
accelerating CT gantry rotation and increasing
the width of the detector improves performance
and making CT modality more appropriate
against artefacts or other image quality
components (4 25). However, the image noise
and artefacts in CT imaging are still one of the
common significant issues. Furthermore, some
clinical cases, accelerating gantry rotation can
cause supplementary artefacts and noise. For
that purpose, we evaluated the influence of
decreasing rotation time on radiation exposure
and imaging quality for the patients undergoing
abdomen examinations in several CT scanners.

The CT dose depends on the patients’ size
and scan parameters. No significant difference
was observed in terms of height, weight, and
BMI between the two patient categories. Hence,
the comparison between the optimisation and
control categories will be more reliable. As
previously mentioned in the results section, a
reduction of CTDIvol and DLP of up to 30% and
55% of the total dose were achieved,
respectively. Besides, the mean CTDIvol was 5.5
mGy and DLP was 222.2 mGy.cm for Group A
and CTDIvol was 59.1 mGy and DLP was 2906.6
mGy cm for Group B (table 4). The disparity in
the range of CTDIvol and DLP values between
the four patients’ groups can be due to variation
in the pitch and mAs used in the CT scanners.
Additional factors such as insufficient skills of
the technologists and practitioners in the newly
emerging technology were also reported in the
literature (26),

Most of the CT images obtained in this study
were acceptable and easy to diagnose. It is
important to underline that the image noise
measured for group B, C, and D are within the
acceptable limits as recommended by the
Institute of Physics and Engineering in Medicine
(IPEM) @7). However, the results of group A
showed that faster gantry rotation time
increases image noise. By excluding group A, the
degree of agreement on image quality among
radiologists shows that the gantry rotation time
has only a small impact on overall image quality.
Present results are similar to Klink et al. study in
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that rotation time have a limited influence on
the quality of images (28). It is worth mentioning
that the unacceptable range of noise obtained in
group A, demonstrate that the accelerating time
of gantry rotation does not always maintain the
best image noise.

The results of this study revealed that the
mean DLP in group B for abdomen
examinations, before and after the optimisation,
is higher compared with previously published
studies * 29-31), Conversely, the DLP values of
groups A and C are lower than the others (figure
1). The possible explanation of the higher DLP
values for group B is the variation of exposure
parameter, sample size or patient weight. For
example, the kVp and mAs values of all CT
scanners used in this study have remained
constant in the optimisation category. It was
possible to reduce the tube voltage also in this
study, as the use of low tube voltage settings has
many benefits such as radiation dose reduction
and higher contrast enhancement 6L 32),
However, the reduction of the kVp and mAs
reduction, as well as decreasing rotation time,
can be compromising the diagnostic findings.

Shrimpton et al. (21)
Bongartz et al. (20)
Sakhnini L. (4)
Christner et al. (19)
This study (D)*
This study (C)*
This study (B)*
This study (A)*
This study (D)

This study (C)

This study (B)

This study (A) [

o

500 1000 1500 2000 2500 3000 3500
DLP (mGy.cm)

Figure 1. Comparison of abdominal CT Dose values with DRLs
reported in previous studies (4,19-21). *DLP after
optimisation.

CT abdomen involves direct irradiation of the
colon, liver and stomach, which necessitates
evaluating the dose received by scattered
radiation. In this study, additional organs
located outside the radiation field, such as
bladder and gonads, were included. In general,
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we found that the effective dose in groups A and
D for females is higher than males with a factor
of 1.1. However, no direct correlation was found
between the CT scanners types and genders. The
organ equivalent doses presented in table 6
shows that the liver has the highest organ dose
in both males and females, whereas the CP for
stomach and colon is highest compared to other
organs in all groups. The colon, liver, and
stomach in both genders have the highest CP
comparing to the gonads, bladder and bone
morrow. Further, the cancer risk of the colon in
males was found higher than females and this
can be attributed to the difference in the
radiosensitivity of the colon in both genders.
Therefore, abdomen CT procedure for both
genders needs to be cautiously justified in view
of high liver dose and because of the high CP
incidence for stomach and colon. On the other
hand, the liver and stomach dose values were
ranged between 5.39- 43.73 mSv and 3.59-30.49
mSy, respectively (table 6). The main reason for
higher doses is different mAs values in this
study. The maximum stomach, colon and liver
doses reported in this study compared with a
previous study were varied by factor up to 1.1
(4 35, Thus, the convergence between the
results of the maximum organ effective doses in
this study and the mean results of previous
studies enhances the possibility of dose
optimisation through increasing the speed of
gantry rotation.

The overall cancer risk after optimisation
was reduced with 21%, 49%, 29%, and 16%, for
group A, B, C, and D respectively. Consequently,
the attention of all technologists necessary to
take advantage of the latest dose reduction
methods, and simultaneously the radiologists
should commitment to the clinical advantages
and justify any decision that alters the situation
of radiation exposure of the patient undergoing
CT scan. The dose reduction of up to 30% was
achieved without the loss of diagnostic accuracy
for most of the patients (70%) in the
optimisation groups. The major limitation of this
study was the relatively small number of
patients included and the size of the patient,
which could potentially influence the dose
reduction.

Int. J. Radiat. Res., Vol. 19 No. 1, January 2021

CONCLUSION

To the best of our knowledge, this work is
the first to study the influences of accelerating
gantry rotation time on dose reduction and im-
age quality in abdominal CT imaging. By lower-
ing gantry rotation times, a radiation dose re-
duction of up to 30 % was achieved for 4, 16 and
64 slice CT scanners without compromising the
diagnostic findings. However, faster gantry rota-
tion time can increase image noise for 2-slice CT
scanners. Dose reduction requires continuous
efforts and close cooperation between techni-
cians, radiologists and regulatory bodies. Finally,
the optimisation protocols must be applied with
care to guarantee that they are tailored to pa-
tient size and clinical need.
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