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Abstract

Objective: Multislice computed tomography (MSCT) has been used for diagnosis of
small intestinal diseases. However, the radiation dose is a big problem. This study
was to investigate whether CARE Dose 4D combined with sinogram-affirmed itera-
tive reconstruction (SAFIRE) can provide better image quality at a lower dose for
imaging small intestinal diseases compared to MSCT.

Methods: The noise reduction ability of SAFIRE was assessed by scanning the plain
water mold using SOMATOM Definition Flash double-source spiral CT. CT images
at each stage of radiography for 239 patients were obtained. The patients were
divided into groups A and B were based on different tube voltage and current or
the image recombination methods. The images were restructured using with filtered
back projection (FBP) and SAFIRE (S1-S5). The contrast noise ratio (CNR), CT Dose
index (CTDI), subjective scoring, and objective scoring were compared to obtain the
best image and reformation parameters at different stages of CT.

Results: Twenty-six restructuring patterns of tube voltage and current were
obtained by FBP and SAFIRE. The average radiation dose using CARE Dose 4D
combined with SAFIRE (S4-S5) reduced approximately 74.85% compared to condi-
tions where the tube voltage of 100 kV and tube current of 131 mAs for patients
with MSCT small intestinal CT enterography at plain CT scan, arterial stage, small
intestine, and portal venous phase. The objective and subjective scoring were all sig-
nificantly different among groups A and B at each stage.

Conclusions: Combination of CARE Dose 4D and SAFIRE is shown to decrease the

radiation dose while maintaining image quality.
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1 | INTRODUCTION

The small intestine is the main organ of nutrition and water absorp-
tion, and is the longest organ in the digestive tract of the human
body.}? Small intestinal disease is common in the clinic and mainly
include small bowel obstruction, ischemia, neoplasm, and inflamma-
tory bowel disease.® Early diagnosis of small intestinal disease is
challenging as the organ is intertwined and has a small diameter.*>

The common diagnostic methods such as double-balloon entero-
scopy (DBE) and capsule endoscopy (CE) have a lot of limitations
such as complicated operation and high cost, and CT provides a new
frame of reference for the diagnosis of small intestinal diseases.
With application such as multi slice computed tomography (MSCT),
DBE, and CE which has greatly improved the diagnosis and treat-
ment of small intestine diseases.®® MSCT is more precise for assess-
ing the blood supply of mesenteric vessels and walls than CE and
DBE, and it is very important for diagnostic localization, qualitative
analyses, and etiological diagnosis of intestinal obstruction as well as
the detection of external intestinal lesions. MSCT has the advantage
of being simpler, more accurate, painless, high economic utility ratio,
faster imaging velocity with fewer contraindications than the other
methods. However, the problem is that radiation dose for CT is high
relative to other imaging modalities. The occurrence rate of a malig-
nant tumor will increase 50 thousand every 100 thousand when the
dose of x ray adds 1 mSv according to the International Commission
on Radiological Protection.” Eillstein et al.!° reported that the risk of
cancer relative to ionizing radiation caused by a CT scan check
raised from 0.4% to 2.0% in USA at 2007. The risk of suffering can-
cer reached to 0.6% among the people over age 75 in England
caused by diagnostic x ray.'? It was proven that the dose of CT was
proportional to the square of the tube voltage and the tube current
which manifested that the radiation dose could be reduced by
reducing the tube current.?

Radiation dose of CT accounted for about 50% of the medical
radiation dose during the past 20 years.'®* Reducing the radiation
dose of CT while ensuring that the image quality is maintained in
agreement with the As Low As Reasonably Achievable (ALARA-prin-
ciple) has always been a challenge for medical physicists and radiolo-
gists.2*15 |terative reconstruction which can effectively reduce the
image noise relative to the traditional filtered back projection (FBP),
is widely applied in the technique of CT reconstruction in recent
years. Sinogram-affirmed iterative reconstruction (SAFIRE) is the sec-
ond generation iterative algorithm based on raw data domain and
could eliminate image sharpness and pixel noise to improve image
quality and further reduce radiation dose. Studies have shown that
iterative reconstruction technique could significantly reduce radiation
dose. For example, Christe et al.'® considered that the iterative
reconstruction technique could reduce 27-70% of radiation dose in
CT Scan Chest. In the study of Kalra et al.!” SAFIRE was considered
to reduce radiation dose with fully diagnostic value in abdominal CT
images. The combination of low tube current and iterative recon-
struction had also been reported to be effective in radiation dose
reduction.®2° Gandhi et al.?! reported that half-dose of CT

TasLe 1 The groups divided via different scan conditions and
reconfiguration method.

Tube Tube

voltage current Reconfiguration
Group A (kV) (mAs) n Group B method
Al 120 200 17 BO FBP
A2 100 295 30 B1 SAFIRE, S1
A3 100 262 30 B2 SAFIRE, S2
A4 100 230 30 B3 SAFIRE, S3
A5 100 196 30 B4 SAFIRE, S4
A6 100 164 30 B5 SAFIRE, S5
A7 100 131 30
A8 100 98 30
A9 80 207 12
Total 239

enterography with FBP and SAFIRE was more accurate in the diag-
nosis of advanced inflammatory ileal disease. However, the image
quality and inferior visibility of small anatomic structures are still
unsatisfactory. CARE Dose 4D is a four-dimensional automatic real-
time dose adjustment technology which is put forward by Siemens.
The technology can determine the size of patients according to the
positioning image, and automatically calculate the required tube cur-
rent value and CT Dose index (CTDI) at different tube voltages,
which will obtain the constant diagnostic image quality of all parts of
the body with the lowest radiation Dose. Furthermore, CARE Dose
4D was successful to optimize radiation dose in previous stud-
ies.?22% We planned to demonstrate CARE Dose 4D in the applica-
tion of imaging small intestinal diseases.

In this study, we assessed the effect of SAFIRE on noise reduc-
tion with the ordinary water film and selected the adequate tube
voltage and current. We also reported on the effects of the combi-
nation of CARE Dose 4D (Siemens Healthcare) and SAFIRE on the

image quality and radiation dose reduction for small intestinal CT.

1 Minag.232 1306
126321132

Fic. 1. The contrast noise ratio (CNR) of the image at each stage
via multislice CT enterography. CNR = (CT pjood vessels = CTmuscle)
SDmuscIe~
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Fic. 2. The reconstructed images which
was made by FBP under the tube voltage
of 120 kV and tube current of 200 mAs
(patient: male, 46 yr, BMI = 21.2). (a) The
reconstructed images which was made by
FBP under the tube voltage of 100 kV and
tube current of 131 mAs (patient: male,
46 yr, BMI = 21.2). (b-g). The
reconstructed images which was made by
SAFIR (S1-S5) under the tube voltage of
100 kV and tube current of 131 mAs
(patient: male, 46 yr, BMI = 21.2). BMI,
body mass index.

2 | METHODS AND MATERIALS

2.A | Patients

We collected data from 239 patients with small intestine CT angiog-
raphy who were admitted to the first people's hospital of Nantong
during December 2015 and March 2017. There were 116 males and
123 females with an average age of 56.12 yr. The patients were
divided into control group (n = 17, with standard dose MSCT) and
experimental group (n = 222, with low dose MSCT). All patients had
signed the consent forms with protocols that were approved by the

first people's hospital of Nantong.

2B |
2.B.1 | The noise reduction effect of SAFIRE

Methods

Siemens second generation dual-source CT (SOMATOM Definition
Flash, Siemens, Healthcare, Ellaingen, Germany) was taken to con-
duct the CT scan for the random regular water mold under different
tube voltage and tube current. The benchmark scanning conditions
included 120 kV tube voltage, 200 mAs tube current, 128 x 0.6 mm
collimation, and a pitch 0.6. The position was fixed according to the
location marker of the water phantom and the scanned area through
the motif space. Then the tube voltage of 100, 80, and 70 kV were
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Fic. 3. The MSCT radiography of small
intestine under different tube voltage and
current. (a). The images was reconstructed
using FBP under the tube voltage of

120 kV and tube current of 200 mAs at
arterial phase (patient A: male, 54 yr,

BMI = 21.6). (b)The images was
reconstructed by SAFIRE 4 and collected
by CARE Dose 4D under the tube voltage
of 100 kV and tube current of 295 mAs at
arterial phase (patient B: male, 56 yr

BMI = 21.3). (c) The images was
reconstructed by SAFIRE 4 and collected
by CARE Dose 4D under the tube voltage
of 100 kV and tube current of 262 mAs at
arterial phase (patient C: male, 54 yr,

BMI = 21.4). (d) The images was
reconstructed by SAFIRE 4 and collected
by CARE Dose 4D under the tube voltage
of 100 kV and tube current of 230 mAs at
arterial phase (patient D: male, 53 yr,

BMI = 21.3). (e) The images was
reconstructed by SAFIRE 4 and collected
by CARE Dose 4D under the tube voltage
of 100 kV and tube current of 196 mAs at
arterial phase (patient E: male, 55 yr,

BMI = 21.7). (f) The images was
reconstructed by SAFIRE 4 and collected
by CARE Dose 4D under the tube voltage
of 100 kV and tube current of 164 mAs at
arterial phase (patient F: male, 52 yr,

BMI = 21.5). (g) The images was
reconstructed by SAFIRE 4 and collected
by CARE Dose 4D under the tube voltage
of 100 kV and tube current of 131 mAs at
arterial phase (patient G: male, 56 yr,

BMI = 21.2). (h) The images was
reconstructed by SAFIRE 4 and collected
by CARE Dose 4D under the tube voltage
of 100 kV and tube current of 98 mAs at
arterial phase (patient H: male, 53 yr,

BMI = 21.3). (i) The images was
reconstructed by SAFIRE 4 and collected
by CARE Dose 4D under the tube voltage
of 80 kV and tube current of 207 mAs at
arterial phase (patient I: male, 55 yr,

BMI = 21.4). BMI, body mass index

selected in turn to regulate the tube current so that the CTDI,y SAFIRE (the intensity of iterative was S1-S5) with a seam thickness
increments would decrease by 10% for each measurement. The of 1 mm and interlamellar spacing of 0.7 mm. The convolution ker-
image was reconstructed with filtered back projection (FBP) and nels were B31f and I30f. The image was transferred to Syngo via
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TaBLE 2 The subjective evaluation indexes of multislice CT enterography.

Scoring
1

Mesenteric vessel

Number

Only show
level 1
branches

2 Show level
2 branches

Show level 3
branches

Show level 4
branches

Shape

Morphological ambiguity
cannot be diagnosed

Morphological is not
clear, details show bad

Most of the blood vessel
shows clear and
minority does not show
and cannot be
evaluated

Shape and detail display
are clear and can be
evaluated, but not ideal

The vascular
morphological details
are clear and can be
evaluated accurately

Intestinal wall

Only the intestinal
wall is full
satisfactory (long
intestinal tube
diameter > 1 cm);

The scoring criteria
are consistent with
the criteria of
mesenteric vascular
morphology

WILEY—-2

Substantial organ lesions Comment

The highest score for each
item is scored as the single
item;

The sum of the scores is the
final score of subjective

Nearly can't show

It can be displayed, but
the edge is not clear

TaBLe 3 The restructuring way of tube voltage and tube current which were satisfied the conditions

No
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“Represented that the image quality and radiation dose under the standard abdominal imaging conditions and this was taken as reference standard. S1-
S5 represented the recombination iteration strength of SAFIRE; CTDI: actual measure value,the percentage of measurement in standard radiation dose.

Tube voltage (kV)
120
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
80
80
80

Tube current (mAs)
200
295
295
295
295
295
262
262
262
262
230
230
230
230
196
196
196
164
164
164
131
131
98
65
275
275
207

Recombination
FBP
S1
S2
S3
S4
S5
S2
S3
S4
S5
S2
S3
S4
S5
S3
S4
S5
S3
S4
S5
S4
S5
S5
S5
S4
S5
S5

Clearly show and sharp- evaluation
edged

Noise (Hu) SNR CNR CTDl,; (mGy, %)
4.00 0.18 459.69 13.46, 100
3.80 0.29 467.54 12.08, 90
3.30 0.33 513.66 12.08, 90
2.80 0.41 619.53 12.08, 90
2.30 0.50 684.33 12.08, 90
2.10 0.24 871.78 12.08, 90
3.50 0.37 512.30 10.74, 80
3.00 0.43 610.29 10.74, 80
2.50 0.52 683.03 10.74, 80
2.00 0.65 853.54 10.74, 80
3.75 0.32 490.31 9.41, 70
3.20 0.41 566.74 941,70
2.70 0.48 644.40 9.41, 70
2.10 0.62 791.25 9.41, 70
3.40 0.38 540.02 8.07, 60
2.80 0.46 605.48 8.07, 60
2.20 0.59 761.09 8.07, 60
3.70 0.38 493.20 6.73, 50
3.10 0.45 574.84 6.73, 50
2.50 0.56 700.86 6.73, 50
3.50 0.43 525.59 5.39, 40
2.70 0.52 654.92 5.39, 40
3.15 0.48 562.58 4.02, 30
3.90 0.38 467.21 2.68 20
3.55 0.20 509.54 5.32, 40
2.80 0.25 624.92 5.32, 40
3.30 0.27 551.64 4.05, 30
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Tube
voltage
(kV)

120
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

WANG ET AL
TasLe 4 CT image quality of small intestine and radiation dose — the summary of plain CT scan.
Tube Objective scoring Subjective scoring
current
(mAs) B  CTDL(mGy)  SSDE (mGy) CNR CCR VS blood vessel VS intestinal wall V'S lesion
200 0 13.46 + 0.00 472+106 273+215 020+0.16  5.00 £ 0.00 5.00 + 0.00 5.00 + 0.00
295 0 8.22 + 2,13 11.35 + 2.88 0.75 + 0.64 0.10 + 0.09 3.77 £ 0.43 4.73 + 045 3.00 + 0.00
295 1 822 +213 11.35+288 0.89+0.59 011+008 377043 4.87 +£0.35 3.00 + 0.00
295 2 8.22 +2.13 11.35+288 096+053 0.11+004 377 %043 5.00 + 0.00 3.00 + 0.00
295 3 8.22 +2.13 11.35 + 2.88 129 +133 015+015 3.90+0.31 5.00 + 0.00 3.00 + 0.00
295 4 822 +213 11.35+288 124+120 018+0.19 3.77+043 5.00 + 0.00 3.00 + 0.00
295 5 8.22 +2.13 11.35 +2.88 1.08 +0.87 0.12+008 3.77+043 5.00 + 0.00 3.00 + 0.00
262 0 7.82 £ 1.66 11.36 +2.73 112+ 139 014+0.17 4.00 + 0.00 4.67 +0.55 2.90 + 0.31
262 1 7.82 = 1.66 10.97 + 2.58 1.27 £ 1.22 0.16 + 0.14 4.00 = 0.00 4.67 + 0.55 2.90 £0.31
262 2 7.82 £ 1.66 1097 £+ 258 146 +155 018 +0.19  4.00 = 0.00 4.67 £ 0.55 2.90 + 0.31
262 3 7.82 + 1.66 10.97 + 2.58 1.64+145 020+0.17  4.00 + 0.00 4.73 £ 0.52 2.93 + 0.25
262 4 7.82 + 1.66 10.97 + 2.58 174 £ 1.78 0.22 £+ 0.21 4.00 + 0.00 4.50 + 0.68 2.90 £ 0.31
262 5 7.82 + 1.66 10.97 £+ 258 206 +204 025+024  4.00 = 0.00 4.50 + 0.68 2.80 + 0.41
230 0 6.38 + 1.05 9.12 + 1.61 1.19+035 019 £+0.06  4.00 + 0.00 5.00 + 0.00 3.00 + 0.00
230 1 6.38 = 1.05 9.12 + 1.61 1.33 £ 0.48 0.22 + 0.10 4.00 = 0.00 5.00 £ 0.00 3.00 = 0.00
230 2 6.38 £ 1.05 9.12 + 1.61 145+036 024 +0.09 4.00 +0.00 5.00 + 0.00 3.00 + 0.00
230 3 6.38 + 1.05 9.12 + 1.61 149 +0.52 025+0.11  4.00 = 0.00 4.73 £ 0.69 3.00 + 0.00
230 4 6.38 £ 1.05 9.12 + 1.61 1.67+090 028 +0.17 4.00 +0.00 5.00 + 0.00 3.00 + 0.00
230 5 6.38 + 1.05 9.12 + 1.61 175+ 124 041+0.24  4.00 +0.00 5.00 + 0.00 3.00 + 0.00
196 0 6.39 £ 1.36 8.95 +2.18 111 +1.09 0.18+0.20 4.00 + 0.00 4.70 £ 047 3.00 + 0.00
196 1 6.39 + 1.36 8.95 +2.18 141+117 023+021  4.00 +0.00 4.90 +0.31 3.00 + 0.00
196 2 6.39 + 1.36 8.95 +2.18 1.49 + 1.20 0.25 £ 0.25 4.00 = 0.00 490 + 0.31 3.00 = 0.00
196 3 6.39 + 1.36 8.95 +2.18 1.32+147 022+0.26  4.00+0.00 4.90 +£0.31 3.00 + 0.00
196 4 6.39 + 1.36 8.95 + 2.18 200 +1.69 033+032 4.00 +0.00 4.90 + 0.31 3.00 + 0.00
196 5 6.39 + 1.36 8.95 +2.18 2.53 + 242 0.43 + 0.48 4.00 + 0.00 490 + 0.31 3.00 = 0.00
164 0 4.27 +0.74 6.07 + 1.16 0.84+0.76 0.20+0.19  4.00 = 0.00 4.87 £ 0.35 3.00 + 0.00
164 1 4.27 +0.74 6.07 + 1.16 096 £0.79 0.23+0.21  4.00 +0.00 5.00 + 0.00 3.00 + 0.00
164 2 4.27 £ 0.74 6.07 +1.16 108 £0.96 025+023  4.00 + 0.00 5.00 + 0.00 3.00 + 0.00
164 3 427 £ 0.74 6.07 £ 1.16 1.19 + 0.93 0.29 £ 0.24 4.00 = 0.00 5.00 = 0.00 3.00 + 0.00
164 4 4.27 +0.74 6.07 + 1.16 145+099 035+0.25 4.00 + 0.00 5.00 + 0.00 3.00 + 0.00
164 5 4.27 £ 0.74 6.07 + 1.16 156 +1.50 038+0.38  4.00 +0.00 5.00 + 0.00 3.00 + 0.00
131 0 3.29 + 048 4.53 £ 0.75 0.91 £ 0.67 0.29 + 0.22 4.00 = 0.00 4.57 + 0.50 3.00 = 0.00
131 1 3.29 £ 0.48 4.53 £ 0.75 090 +0.65 0.28+0.21  4.00 + 0.00 4.57 £ 0.50 3.00 + 0.00
131 2 3.29 +0.48 4.53 + 0.75 0.86 £+0.73 0.27+0.23  4.00 + 0.00 4.67 £ 0.48 3.00 + 0.00
131 3 3.29 £ 0.48 453 £0.75 1.05+0.61 032+0.29  4.00 +0.00 4.77 + 043 3.00 + 0.00
131 4 3.29 £ 0.48 4.53 + 0.75 119 +0.86 0.37+0.27  4.00 + 0.00 4.67 +0.48 3.00 + 0.00
131 5 3.29 +0.48 453 +0.75 1.55+1.06 048 +032  4.00 +0.00 4.57 + 0.50 3.00 + 0.00
98 0 3.04 £ 0.67 4.16 + 0.94 0.80 £+ 047 0.27+0.16  3.67 £048 4.63 £ 0.49 2.87 + 0.35
98 1 3.04 £ 0.67 4.16 + 0.94 0.82 + 0.59 0.28 + 0.21 3.87 £ 0.35 4.77 + 043 2.87 £0.35
98 2 3.04 £ 0.67 4.16 + 0.94 092 +076 0.32+0.28 380041 4.63 £ 0.49 2.87 + 0.35
98 3 3.04 £ 0.67 4.16 £ 0.94 1.19+092 042+033 380041 4.83 £0.38 2.87 + 0.35
98 4 3.04 £ 0.67 4.16 £ 0.94 1.17 + 0.74 041 £ 0.27 3.80 + 0.41 4.77 £ 0.43 293 +0.25
98 5 3.04 £ 0.67 4.16 £ 0.94 171+ 1.44 0.60 + 0.32 3.73 £ 045 4.77 £ 043 293 +0.25
207 0 3.25 + 0.58 4.04 £0.71 072 £+043 0.22+0.13  3.00 = 0.00 4.00 + 0.00 2.00 + 0.00

NO 00 00 00 0 0 © N N N N N Nooo>00 0l DA DM D DD OO OWWWWWNDNDNMDNDDNDDNRPR D>
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(Continues)
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TABLE 4 (Continued)
Tube Tube Objective scoring Subjective scoring
voltage current
A (kv) (mAs) B  CTDl,o(mGy)  SSDE (mGy) CNR CCR VS blood vessel VS intestinal wall VS lesion
9 80 207 1 3.25 £ 0.58 4.04 +0.71 0.83+0.76 026 +024  3.00 = 0.00 4.00 + 0.00 2.00 + 0.00
9 80 207 2 3.25 £ 0.58 4.04 +0.71 0.76 £0.52 023 +0.15  3.00 = 0.00 4.00 + 0.00 2.00 + 0.00
9 80 207 3 3.25 £ 0.58 4.04 £ 0.71 086 +0.81 026 +024  3.00 + 0.00 4.00 + 0.00 2.00 + 0.00
9 80 207 4 3.25 + 0.58 4.04 +0.71 1.00+0.75 0.31+0.22  3.00 + 0.00 4.00 + 0.00 2.00 + 0.00
9 80 207 5 3.25 £ 0.58 4.04 +0.71 1.32+115 041+0.35 3.00 +0.00 4.00 + 0.00 2.00 + 0.00
Total F 18.135 14.425 318.762 219.652 138.335 46.682 224.241
P 0.000 0.000 0.000 0.000 0.000 0.000 0.000
A F 17.607 13.941 512.766 352211 223.204 74.467 359.466
P 0.000 0.000 0.000 0.000 0.000 0.000 0.000
B F 18.733 17.648 0.000 12.551 0.748 3.237 0.652
P 0.000 0.000 1.000 0.000 0.587 0.007 0.660

the postprocessing workstation. Thereafter, the axial image of the
water phantom with a seam thickness of 3 mm and interlamellar spac-
ing of 3 mm was reconstructed under different conditions. Finally, the
limitation of the image noise reduced by SAFIRE was measured and
assessed according to the signal noise ratio (SNR) of the water model
image, and the contrast noise ratio (CNR) of the image of each image.
Fifty square centimeters of region of interest (ROI) was selected. The
average CT number and standard deviation within the ROl were mea-
sured by one physician twice. The formulas were as follows:

SNR = CTwaterphantom/SDwaterphantom

CNR = (CTwaterphantom - CTair)/SDain

wherein, CT is the CT value, and SD is the standard deviation.

2.B.2 | Small intestine CT angiography

Small intestine filling method

Each patient took 1200 ml 2.5% isotonic mannitol orally. Patients
with poor tolerance and significant obstruction took iso-osmolar con-
trast medium orally with low intensity and high frequency. All
patients with intestinal obstruction were treated with gastrointestinal

decompression after examination.

Small intestine MSCT angiography

Nine groups (A1-A9) were divided according to the different tube
voltages and current, while another 6 groups (BO-B5) were grouped
via the image recombination methods. Then patients in the control
group were firstly conducted with plain CT scan with 120 V tube
voltage, 200 mAs tube current, 32 x 1.2 mm collimation and a pitch
of 0.6 (group: Al). Then the patients received a three-phase
enhanced scanning after a high-pressure injection with 350 mg/ml
jopromide at a speed of 3.5 ml/s.?*2° Image reconstruction was car-
ried out using FBP with a seam thickness of 1 mm, interlamellar
spacing of 0.7 mm and a smooth convolution kernel B31f. At last,
the data were transferred to Sygo and processed. Meanwhile, the

patients in the experimental group were treated with low dose
MSCT who were scanned by a Siemens second generation dual-
source CT based on CARE Dose 4D technique in each stage with
the CTDl,o decrease by 10% for each measurement (group: A2-A9,).
The images were reconstructed via FBP and SAFIRE with a smooth
convolution kernel 130f (group BO: FBP; group B1-B5: SAFIRE). The
details of the group are in Table 1.

Measurement parameters and methods

The scan parameters were the same as those of the control group
except the tube voltage and tube current. The multiplanar recon-
struction (MPR), maximum intensity projection (MIP) and volume
rendered technique (VRT) at the axial and coronary position of the
small intestinal CT at each stage in two groups were conducted by
the postprocessing workstation vascular software. The central level
on superior mesenteric artery ostium was chosen as the object of
interest and the CNR was calculated as follows: CNR = (CTp00d vessel —
CT muscle)/SDmuscle (Fig. 1). According to the indices outlined in the
American Association of Physicists in Medicine (AAPM) Report
204,%° the conversion factor (f) of the CT dose index volume was
obtained. The effective tube current (emAs) and the CT dose index
volume (CTDl,) were obtained and CTDI, was taken as the evalu-
ation index of the radiation dose. The SSDE was assessed with the
formula (SSDE = CTDl,,, x f) from the AAPM Report 204. The CNR
to CTDlI, ratio (CCR) was calculated (CCR = CNR/CTDlI,,,). Combing
with the MPR, MIP, and VRT, the visual scores (VS), including the
presentation of mesenteric vessels, intestinal wall, and the main sub-
stance of the lesion in the scanning area were assessed for the CT
image of the small intestine at each stage. According to the Euro-
pean CT image quality guide,?’” the image noise and quality assess-
ment were conducted based on the visual perception or particle
character of the noise and the ability to show the details of the
anatomy (Figs. 2 and 3). The visual scores and objective evaluation
criteria were measured and analyzed by two radiologists who had
5 years of experience in abdominal imaging diagnosis. The subjective
criteria is shown in Table 2.



| WILEY

Tube
voltage
(kV)
120
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

WANG ET AL
TasLe 5 CT image quality of small intestine and radiation dose — the summary of arterial phase.
Tube Objective scoring Subjective scoring
current Intestinal
(mAs) B CTDl,, (mGy)  SSDE (mGy) CNR CCR Blood vessel  wall Lesions
200 0 1346 £0.00 4.63+0.85 47.08 + 48.92 3.50 £3.63  5.00 + 0.00 5.00+0.00 5.00 +0.00
295 0 7.74 £ 1.44 15.63 + 4.25 34.15 +7.01 454 +121 3.66 + 0.48 4.86 + 0.35 3.00 = 0.00
295 1 7.61 + 1.47 10.76 £ 2.31 3419 £ 6.78 468 +141 374044 4.87 £0.34  3.00 = 0.00
295 2 7.67 £ 1.46 10.64 + 2.23 34.26 + 6.73 4.68 + 1.53 3.77 £ 0.43 5.00 = 0.00 3.00 = 0.00
295 3 7.67 £ 1.46 10.64 + 2.23 42.68 + 11.62 5.83 £ 2.06 3.77 £ 0.43 5.00 = 0.00 3.00 = 0.00
295 4 7.67 + 1.46 10.64 + 2.23  44.52 + 10.06 593+137 377 +043 4.87 £0.35 3.00 = 0.00
295 5 7.67 + 1.46 10.64 + 223 4515+ 9.11 620+315 377 +043 5.00+0.00 3.00 +0.00
262 0 7.62 + 1.59 10.62 + 2.15  24.34 +7.86 342 +161 4.00+0.00 453 +0.68 3.00 + 0.00
262 1 7.62 + 1.59 1052+ 1.90 2613 £9.72 3.67 £1.85 4.00 +0.00 4.50 £ 0.68  3.00 = 0.00
262 2 7.62 + 1.59 10.57 + 1.92 2890 + 7.44 402 +154 4.00 + 0.00 4.70 £ 0.65  3.00 = 0.00
262 3 7.62 £ 1.59 10.57 + 1.92 31.32 £ 1247 441 + 2.25 4.00 £ 0.00 4.70 £ 0.65 3.00 = 0.00
262 4 7.62 + 1.59 10.57 + 1.92  41.20 + 11.59 570+218 4.00 + 0.00 453 +0.68 3.00 + 0.00
262 5 7.62 + 1.59 10.57 £ 1.92  45.00 + 16.44 637 £3.15 4.00 £ 0.00 4.50 £ 0.68  3.00 = 0.00
230 0 6.44 + 2.52 10.15 + 3.33 2343 £ 10.11 4.16 £245  4.00 = 0.00 5.00+0.00 3.00 + 0.00
230 1 6.44 + 2.52 9.25 £ 3.67  25.20 + 10.37 450 +£2.60 4.00 = 0.00 5.00+0.00 3.00 +0.00
230 2 6.44 + 2.52 9.21 £3.69  27.83 = 12.60 4.65+211 4.00 = 0.00 5.00+0.00 3.00 + 0.00
230 3 6.44 + 2.52 921 £3.69 3254 +15.83 537 +268 4.00 £ 0.00 5.00+0.00 3.00 + 0.00
230 4 6.44 + 2.52 9.21 + 3.69 34.98 + 18.73 5.84 + 3.42 4.00 + 0.00 4.87 £ 0.35 3.00 = 0.00
230 5 6.44 + 2.52 921 £3.69 3577 +21.11 6.55+478  4.00 +0.00 5.00+0.00 3.00 +0.00
196 0 6.30 + 1.25 890 £ 250 24.74 + 6.33 409 £141  4.00 = 0.00 4.77 £ 043  3.00 = 0.00
196 1 6.30 £ 1.25 8.79 + 2.01 28.11 + 7.22 4.66 + 1.63 4.00 £ 0.00 4.83 + 0.38 3.00 = 0.00
196 2 6.30 + 1.25 881202 30.95 =840 510+ 1.80 4.00 + 0.00 4.83+0.38 3.00 = 0.00
196 3 6.30 + 1.25 8.81+202 38.64+974 640 £219  4.00 £ 0.00 4.83+0.38 3.00 + 0.00
196 4 6.30 + 1.25 881 +202 43.25+10.67 713 +£219  4.00 £ 0.00 4.83+0.38 3.00 + 0.00
196 5 6.30 = 1.25 8.81 + 2.02 4748 + 21.71 7.90 + 433 4.00 + 0.00 490 £ 0.31 3.00 + 0.00
164 0 3.88 £ 0.73 728 £234 2550+ 12.74 6.60 £ 334  4.00 £ 0.00 480+ 041  3.00 = 0.00
164 1 3.88 £ 0.73 556 +1.02 27.11 +13.18 7.03 £345 4.00 +0.00 493+0.25 3.00 = 0.00
164 2 3.88 £ 0.73 5.50 + 0.98 32.50 + 15.23 8.39 + 4.03 4.00 + 0.00 4.93 £ 0.25 3.00 + 0.00
164 3 3.88 £ 0.73 550+0.98 6172 + 1541 896 +4.16 4.00 +0.00 490+0.31  3.00 = 0.00
164 4 3.88 £ 0.73 550 +0.98 3824 + 19.16 9.79 £4.66  4.00 £ 0.00 493+0.25 3.00 = 0.00
164 5 3.88 +0.73 550+ 098 47202565 1203+ 625 4.00 £ 0.00 493+0.25 3.00 + 0.00
131 0 3.64 + 1.40 537 +1.52 2573 +7.69 7.64 £286  4.00 = 0.00 4.63+049  3.00 = 0.00
131 1 3.64 + 1.40 506 +2.10 27.46 + 7.87 8.18 £+ 296  4.00 £ 0.00 473 +045  3.00 = 0.00
131 2 3.64 + 1.40 506 +212  29.11+7.90 8.80 £287 4.00 £ 0.00 4.73+045 3.00 = 0.00
131 3 3.64 + 1.40 5.06 £ 2.12 33.66 £ 9.41 9.99 + 3.39 4.00 £ 0.00 4.73 £ 0.45 3.00 = 0.00
131 4 3.64 + 1.40 506 +2.12  40.71+11.23 1217 +451  4.00 = 0.00 4.83+0.35 3.00 = 0.00
131 5 3.64 + 1.40 506 +212 49.34+1578 1475+586 4.00 £ 0.00 493+0.25 3.00 + 0.00
98 0 2.58 + 0.47 438 +1.69 2235+ 6.68 888 +273 373+048 457 +1.03 273 +0.69
98 1 2.58 + 0.47 353+073 2290=%77 920 £3.60 3.73+048 477 £+ 043 273 = 0.69
98 2 2.58 + 0.47 353+£075 26.80 + 9.36 10.65 +3.79  3.73+0.48 477 £ 043  2.73 £ 0.69
98 3 2.58 + 047 3.53+0.75 28.50 = 9.06 11.25 + 3.57 3.73 £0.48 4.77 £ 0.43 2.73 £ 0.69
98 4 2.58 + 0.47 353+075 29.96+1146 1191+460 3.73+048 477 £ 043  2.73 £ 0.69
98 5 2.58 + 0.47 353+075 3378+ 1101 1343+440 3.73+048 483 +0.38 273 +0.69
207 0 3.25 £ 0.58 352+ 074 2592+ 621 822 +234 3.00+0.00 4.00+£0.00 2.00 = 0.00
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TABLE 5 (Continued)
Tube Tube Objective scoring Subjective scoring
voltage current Intestinal
A (kV) (mAs) B CTDl,; (mGy) SSDE (mGy) CNR CCR Blood vessel  wall Lesions
9 80 207 1 3.22 +0.55 357 +081 26.38 = 6.00 8.41+242 3.00+0.00 4.00 £0.00 2.00 + 0.00
9 80 207 2 3.22 + 0.55 454 +£098 24.02 +7.03 7.64 £253  3.00 £ 0.00 4.00 £0.00 2.00 + 0.00
9 80 207 3 3.22 £ 0.55 4.46 + 0.84 29.18 £ 7.82 9.20 + 2.75 3.00 = 0.00 4.00 + 0.00 2.00 = 0.00
9 80 207 4 3.22 £ 0.55 446 £0.84 33.29 + 540 10.61 + 246  3.00 + 0.00 4.00 £0.00 2.00 = 0.00
9 80 207 5 3.22 £ 0.55 446 £0.84  37.05+7.15 11.81 +3.03  3.00 + 0.00 4.00 £0.00 2.00 = 0.00
Total F 21.102 9.622 230.332 165.905 137.784 39.851 370.084
P 0.000 0.000 0.000 0.000 0.000 0.000 0.000
A F 25.543 5.647 370.206 266.035 222.207 63.112 594.055
P 0.000 0.000 0.000 0.000 0.000 0.000 0.000
B [F 13.092 17.291 0.003 9.842 0.148 3.481 0.000
P 0.000 0.000 1.000 0.000 0.981 0.004 1.000

2.C | Statistical analysis

All data were analyzed by Microsoft Excel 2016 and SPSS 22.0
software (SPSS Inc, Chicago, IL). The Interclass correlation coeffi-
cient (ICC) was used to measure the consistency of the results
between two observers (ICC > 0.80: well, 0.61-0.80: medium,
0.60 to 0.41: ordinary, ICC < 0.40: poor). The differences in BMI
among each group were analyzed by one-way ANOVA. Two-way
Anova analysis was implemented to analyze the diversity of CNR,
CCR, and CTDl,q of e small intestine at each stage under differ-
ent conditions. The differences between two parameters were
compared with a least significant difference. The VS was com-
pared by the rank transformation test; P < 0.05 was considered to

be significant.

3 | RESULTS
3.A | SAFIRE-improved image quality with dose
reduction

The result by the FBP method of under 120 kV and 200 mAs
showed that the CTDI,, was 13.46 mGy and the image noise
was 4.00 HU. The SNR and CNR were 0.18 and 459.69, respec-
tively. Taking this result as the standard, we compared the
image noise, SNR, and CNR under different scan conditions
which were obtained by FBP and SAFIRE (the iterative intensity
was between S1 and S5). The noise of water model images
were obtained by different scanning conditions and SAFIRE
reconstruction conditions should be lower than that of the con-
trol group, and SNR and CNR should be higher than that of the
control group. The combination of the qualified tube voltage,
tube current, and the SAFIRE iteration strength was recorded
(Table 3).

3.B | The image quality of small intestinal CT
radiography and radiation dose at each stage

The consistency of the measurement result and subjective scoring
correlated well where the ICC ranged from 0.868 to 0.913. The
result of observer A was randomly chosen for subsequent statistical
analysis. One-way Anova demonstrated that there was no statistical
difference for BMI of patients between two groups (P = 0.337).
Two-way Anova analysis for two methods of grouping was con-
ducted. The image quality and radiation dose at each stage were
shown in Tables 4-7.

3.B.1 | Obijective assessment of statistical
differences in CCR, CNR, CTDIvol, and SSDE
between different groups based on group A and B

Statistical difference of the objective assessment was found among
groups at each stage (Tables 4-7). In group A, the CCR of A8 was
significantly higher than the other groups (P = 0.000-0.047) accord-
ing to the result of plain CT scan. The CCR of A6, A7, A8, and A9
was significantly higher than the other groups at the arterial period
(P = 0.000-0.001). However, there was no obvious difference among
A6, A7, A8 and A9 (P = 0.083-0.676). At the stage of the small
intestine period and portal venous phase, the CCR of A7, A8, and
A9 was significantly higher than that in other groups (P = 0.000-
0.013, P = 0.000-0.003), while there was no obvious difference
among the groups of A7-A9 (P = 0.074-0.253, P = 0.452-0.774).
With respect to CNR and that of A7, A8, and A9 were obviously
higher than the other groups via plain scan (P = 0.000). At the arte-
rial period, the CNR of A1, A2, A5, and A6 was all higher than that
of the other groups (P = 0.000-0.049). The CNR of A2 was the high-
est both at small intestine period and portal venous phase
(P = 0.000; P = 0.000-0.003). However, the CNR of A4, A5, A7, A8,
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WANG ET AL
TasLe 6 CT image quality of small intestine and radiation dose — the summary of small intestine period.
Tube Objective scoring Subjective scoring
current
(mAs) B CTDl,, (mGy) SSDE(mGy) CNR CCR Blood vessel Intestinal wall  Lesions
200 0 1346 +0.00 4.60 + 0.82 7.82 £2.94 0.58 £0.22 5.00 + 0.00 5.00 + 0.00 5.00 + 0.00
295 0 7.66 = 1.46 1558 + 419 11.04 + 3.07 1.50 £ 0.50 3.77 + 043 4.87 + 0.35 3.00 + 0.00
295 1 7.66 + 1.46 10.63 +2.27 1132+ 1.41 1.53+0.38 3.77 +0.43 5.00 + 0.00 3.00 + 0.00
295 2 7.66 + 1.46 10.62 + 2.23  12.29 + 3.42 1.69 + 0.65 3.77 +0.43 5.00 + 0.00 3.00 + 0.00
295 3 7.66 + 1.46 10.62 +2.23 1741 +7.34 238+ 116 377 +043 5.00 + 0.00 3.00 + 0.00
295 4 7.66 + 1.46 10.62 + 2.23  16.57 + 3.71 225+0.70 3.77 +0.43 5.00 + 0.00 3.00 + 0.00
295 5 7.66 + 1.46 10.62 +2.23 2124 +10.97 3.03+208 3.77 +043 5.00 + 0.00 3.00 + 0.00
262 0 9.22 + 253 1047 + 2.14 7.73 £ 3.26 0.91+041 4.00 + 0.00 4.57 + 0.68 3.00 + 0.00
262 1 9.22 + 253 12.89 + 3.95 8.72 + 3.08 1.02 £ 043 4.00 + 0.00 4.70 £ 047 3.00 = 0.00
262 2 9.22 + 2.53 12.95+3.95 10.32 + 3.19 1.20 £ 0.50  4.00 + 0.00 4.60 + 0.50 3.00 + 0.00
262 3 9.22 + 2,53 1295+ 395 11.74 +4.51 1.36 £ 0.55 4.00 + 0.00 4.60 + 0.50 3.00 + 0.00
262 4 9.22 + 253 1295+ 395 14.71 +4.77 1.69 £ 0.61 4.00 + 0.00 4.70 + 047 3.00 + 0.00
262 5 9.22 + 2.53 12.95+3.95 1441 +585 1.65+0.70  4.00 + 0.00 4.70 + 047 3.00 + 0.00
230 0 8.41 + 2,61 13.52 + 4.12 6.89 + 2.26 0.97 £ 0.64 4.00 £ 0.00 4.87 +0.35 3.00 + 0.00
230 1 8.41 + 261 12.08 + 3.93 6.77 + 1.45 0.95+0.56 4.00 = 0.00 5.00 + 0.00 3.00 = 0.00
230 2 841 + 2,61 12.03 + 3.92 7.36 + 2.00 1.06 + 0.67 4.00 + 0.00 5.00 + 0.00 3.00 + 0.00
230 3 841 + 261 12.03 + 3.92 8.04 + 2.30 1.13 +0.67 4.00 + 0.00 5.00 + 0.00 3.00 + 0.00
230 4 841 + 2.61 12.03 £ 3.92 10.03 + 3.93 145+ 1.04 4.00 + 0.00 5.00 + 0.00 3.00 + 0.00
230 5 841 + 261 12.03 +3.92 11.44 + 407 1.63 +1.09 4.00 + 0.00 5.00 + 0.00 3.00 + 0.00
196 0 7.85 + 2.07 11.44 + 3.64 5.94 + 1.65 0.81 £0.34 4.00 = 0.00 4.77 + 043 3.00 + 0.00
196 1 7.85 + 2.07 10.88 + 2.90 6.78 + 1.81 0.92 £0.34 4.00 £ 0.00 4.77 + 043 3.00 + 0.00
196 2 7.85 = 2.07 10.88 + 2.83 7.27 £+ 211 0.97 £ 0.32 4.00 = 0.00 4.77 £ 043 3.00 = 0.00
196 3 7.85 + 2.07 10.88 + 2.83 7.99 £ 2.46 1.06 +0.34  4.00 + 0.00 4.77 £ 043 3.00 + 0.00
196 4 7.85 + 2.07 10.88 + 2.83 9.76 + 2.68 1.32+045 4.00 + 0.00 4.77 + 0.43 3.00 + 0.00
196 5 7.85 = 2.07 10.88 + 2.83  11.07 + 3.67 1.51 £0.67 4.00 + 0.00 4.77 £ 043 3.00 = 0.00
164 0 4.60 +1.18 8.92 + 3.65 7.81 £ 2.95 1.76 £ 0.66  4.00 + 0.00 4.93 +0.25 2.80 + 0.61
164 1 4.60 £ 1.18 6.64 £ 1.92 8.63 £ 3.24 1.95+0.77 4.00 + 0.00 5.00 + 0.00 2.80 + 0.61
164 2 4.60 +1.18 6.53 +1.68 11.70 + 9.62 2.60 + 204 4.00 + 0.00 5.00 + 0.00 2.80 + 0.61
164 3 4.60 + 1.18 6.53 +1.68 11.05*4.26 2.50+0.92 4.00 = 0.00 5.00 + 0.00 2.80 + 0.61
164 4 4.60 +1.18 6.53 + 1.68 1246 + 5.58 2.78 +1.08  4.00 + 0.00 5.00 + 0.00 2.80 + 0.61
164 5 4.60 +1.18 653 £ 1.68 1524 +7.24 343 +1.53 4.00 + 0.00 5.00 + 0.00 2.80 + 0.61
131 0 3.39 + 1.12 6.23 +1.98 7.58 £ 2.92 245+115 390+031 453 £ 0.51 3.00 = 0.00
131 1 3.39 £ 1.12 4.67 + 1.48 7.80 £ 2.76 253 +1.16 4.00 + 0.00 4.53 +£0.51 3.00 + 0.00
131 2 3.39 £ 1.12 4.65 + 1.48 8.68 + 3.34 2.81+136 4.00 + 0.00 4.73 £ 0.45 3.00 + 0.00
131 3 339 +1.12 4.65 + 1.48 9.19 +4.12 295+ 154 4.00 + 0.00 4.83 + 0.38 3.00 + 0.00
131 4 3.39 £ 1.12 4.65 + 1.48 9.64 + 2.41 3.10 + 1.13  4.00 + 0.00 4.83 + 0.38 3.00 + 0.00
131 5 3.39 £ 1.12 4.65+ 148 12.56 + 3.82 4.06 £1.69 4.00 £ 0.00 4.83 + 0.38 3.00 + 0.00
98 0 2.53 + 0.50 3.87 £ 0.88 6.45 + 1.60 262 +0.77 373 £045 4.83 £ 0.38 2.93 + 0.25
98 1 2.53 £ 0.50 3.45 + 0.65 5.97 +1.93 244 £092 3.73+£0.45 4.63 + 0.49 2.80 = 0.55
98 2 2.53 + 0.50 3.46 + 0.67 6.97 + 2.08 2.86 +1.06 3.80 £ 0.41 4.63 + 0.49 2.80 + 0.55
98 3 2.53 £ 0.50 3.46 £ 0.67 791+ 331 322 +142 387+035 4.70 + 0.47 2.80 + 0.55
98 4 2.53 + 0.50 3.46 + 0.67 8.52 + 2.82 349 +135 3.87+035 4.70 + 0.47 2.80 + 0.55
98 5 2.53 + 0.50 3.46 + 0.67 9.74 + 3.10 400 +150 387+035 4.77 + 043 2.80 + 0.55
207 0 3.21 £ 0.53 3.43 £ 0.83 7.09 £ 2.23 224 +0.78 3.00 + 0.00 4.00 + 0.00 2.00 + 0.00
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TABLE 6 (Continued)
Tube Objective scoring Subjective scoring
Tube current
A  voltage (kV) (mAs) B CTDl,, (mGy) SSDE(mGy) CNR CCR Blood vessel Intestinal wall  Lesions
9 80 207 1 3.21 +0.53 3.80 £ 0.65 6.90 + 1.91 220+0.71 3.00 + 0.00 4.00 + 0.00 2.00 + 0.00
9 80 207 2 3.21 £ 0.53 4.53 £ 0.96 8.44 + 3.05 273 +122 3.00 +0.00 4.00 + 0.00 2.00 + 0.00
9 80 207 3 3.21 +0.53 444 +0.81 8.58 + 2.44 274 £0.93 3.00 £ 0.00 4.00 + 0.00 2.00 + 0.00
9 80 207 4 3.21 +0.53 4.44 + 0.81 9.90 + 1.77 346 +1.84 3.00 + 0.00 4.00 + 0.00 2.00 + 0.00
9 80 207 5 3.21 +0.53 444 +£0.81 10.61+4.72 3.15+0.74 3.00 + 0.00 4.00 + 0.00 2.00 + 0.00
Total F 81.056 58.743 240.444 174.619 145.401 47.455 218.833
P 0.000 0.000 0.000 0.000 0.000 0.000 0.000
A F 102.223 53.688 388.425 281.715 234.941 76.237 349.976
P 0.000 0.000 0.000 0.000 0.000 0.000 0.000
B F 43.142 65.883 0.000 6.484 0.785 1.940 0.118
P 0.000 0.000 1.000 0.000 0.560 0.085 0.988

and A9 was higher at the small intestine period, while that of A2-A9
at the portal venous phase was lower than that of A1 (P =0.177-
0.826; P = 0.000-0.015).

The CTDI,, and SSDE of A7-A9 were all lower than those in
other groups at the period of plain CT scan and arterial (P = 0.000).
There was no significant difference among three groups except in
the plain CT scan (P = 0.297-0.461). At the small intestine period
and the portal venous phase, the CTDI,. of A8 was both lower than
the other groups (P = 0.000-0.005, P = 0.000) [Fig. 4(a)]. The SSDE
of A7, A9, and Al was closely and lower than the other groups
(P = 0.000-0.021) at portal venous phase.

In group B, both of CCR and CNR raised from BO to B5 in turn.
Those of B5 was higher than the other four groups
(0.000 < P < 0.05) [Fig. 4(b)]. As the radiation dose did not exchange
with the recombination mode in a single scan, the CTDI, and SSDE

were not analyzed.

3.B.2 | Subjective assessment of statistical
differences between the groups based on group A
and B

As respect to subjective assessment, significant difference was
observed among group A, but there was no obvious difference
among group B (Tables 4-7). The vascular score of A1l was higher
than the other groups at each stage (P = 0.000). Meanwhile, there
was no significant difference among group A3-A7 (P > 0.05), and
they were both obviously higher than that of group A8 and A9
(P = 0.000). The subjective scoring of intestinal wall in group A1,
A2, A4, A5 and A6 were not markedly different (P > 0.05), and
higher than the other groups (P < 0.05) at plain CT scan and arte-
rial period. Group A1, A4 and A6 at small intestine period and
group Al, A2, A4 and A6 at portal venous phase were higher than
the other groups (P < 0.05) and there was significant difference

among these groups (P < 0.05). The presentation of lesions

manifested that the score of group Al was significantly higher than
other groups at every stage (P = 0.000). Besides, that of group A2,
A4, A5, A6 and A7 were all higher than that of group A3, A8 and
A9 (P = 0.000) at plain CT scan while group A2-A7 was higher than
group A8 and A9 at the other three stages (P = 0.000). However,
there was no significant difference among group A2, A4, A5, A6
(P =0.351-1.000) and A7 as well as A2-A7 at the other three
stages (P > 0.05).

The subjective scoring of blood vessel were all higher in group
B1-B5 than that in BO (P < 0.05), and there no significant difference
among group B1-B5 at each stage (P > 0.05). The intestinal wall and
lesions scoring of group B1-B5 were both higher than that of BO at
plain CT scan and portal venous phase (P < 0.05). At arterial period,
the intestinal wall of B2-B5 was higher than that of BO and B1
while the lesions scoring of B1-B5 was higher than that of BO
(P < 0.05). However, the intestinal wall of BO-B3 was lower than
that of B4 and B5 while the lesions scoring of B1-B5 was lower
than that of BO (P < 0.05).

All above, for the patients with standard weight (18.5 kg/m? <
BMI < 23.9 kg/m?), the better image quality and lower radiation
dose could be obtained under the tube voltage of 100 kV and tube
current of 131mAs using CAER Dose 4D and SAFIRE 4 or SAFIRE 5

compared to controls (Table 8).

4 | DISCUSSION

There are many factors that influence the radiation dose of CT
including scan parameters, hardware and software. The study of
reducing CT radiation dose is started from 1980s and the focus is
fixed on optimizing scan parameters. The square of the tube voltage
is proportional to the radiation dose of x ray and the decrease of it
can influence the image noise and spatial resolution.2® SAFIRE could
measures can data repeatedly and mark noise in the raw data field
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WANG ET AL
TasLe 7 CT image quality of small intestine and radiation dose — the summary of portal venous phase.
Tube Objective scoring Subjective scoring
current
(mAs) B CTDl,, (mGy) SSDE(mGy) CNR CCR Blood vessel Intestinal wall Lesions
200 0  13.46 +0.00 4.60 + 0.82 400+200 030+0.15 5.00+0.00 5.00 + 0.00 5.00 + 0.00
295 0 7.19 +1.24 15.22 + 448 6.87 + 3.17 1.01 £ 0.59 3.77 + 043 4.77 £ 0.43 3.00 + 0.00
295 1 7.19 £ 1.24 9.98 + 1.95 722+311 107+0.60 377 +043 4.87 +0.35 3.00 + 0.00
295 2 7.19 £1.24 9.98 + 1.99 7.83+344 1.15+0.60 3.77 +043 5.00 + 0.00 3.00 + 0.00
295 3 7.19 +1.24 9.98 + 1.99 8.73 + 3.01 1.27 £ 0.51 3.77 £+ 043 5.00 = 0.00 3.00 = 0.00
295 4 7.19 £ 1.24 998 £1.99 1076 +524 160+ 097 3.77 +043 5.00 + 0.00 3.00 + 0.00
295 5 719 £1.24 998 +199 1044 +395 152+067 377 +043 5.00 + 0.00 3.00 + 0.00
262 0 7.38 + 1.56 10.17 + 2.08 595+208 083+030 4.00+0.00 4.57 + 0.50 3.00 + 0.00
262 1 7.38 + 1.56 10.29 + 248 571 +231 0.80 + 0.36 4.00 + 0.00 4.57 + 0.50 3.00 = 0.00
262 2 7.38 £ 1.56 10.34 + 2.47 6.68 £246 0.94+041 4.00 + 0.00 4.70 + 0.47 3.00 + 0.00
262 3 7.38 £ 1.56 10.34 + 2.47 803+384 1.11+052 4.00+0.00 4.70 + 047 3.00 + 0.00
262 4 7.38 + 1.56 10.34 + 2.47 9.81+516 1.34+064 4.00+0.00 4.70 + 0.47 3.00 + 0.00
262 5 7.38 £ 1.56 1034 + 247 1032+576 140+0.67 4.00 + 0.00 4.70 = 0.47 3.00 + 0.00
230 0 6.20 £ 1.16 9.60 + 2.41 530+ 1.61 090+036 4.00 +0.00 5.00 + 0.00 3.00 + 0.00
230 1 6.20 + 1.16 8.91 + 1.80 527 +1.78 0.89 + 0.38 4.00 + 0.00 5.00 = 0.00 3.00 = 0.00
230 2 6.20 £ 1.16 8.87 + 1.82 672155 1.12+0.35 4.00 + 0.00 5.00 + 0.00 3.00 + 0.00
230 3 6.20 £ 1.16 8.87 + 1.82 7.67 £260 1.30+0.58 4.00 + 0.00 5.00 + 0.00 3.00 + 0.00
230 4 6.20 £ 1.16 8.87 + 1.82 9.87 +413 1.67+083 4.00+0.00 5.00 + 0.00 3.00 + 0.00
230 5 6.20 £ 1.16 887 +182 10.03+3.14 1.70+0.70 4.00 + 0.00 5.00 + 0.00 3.00 + 0.00
196 0 5.36 + 1.17 8.55 + 1.69 423+094 0.83+026 4.00+0.00 4.77 + 043 3.00 + 0.00
196 1 536 + 1.17 7.43 £ 1.57 514 +1.17 099 +029  4.00 = 0.00 4.77 + 043 3.00 + 0.00
196 2 536 £ 1.17 746 = 1.67 5.26 £ 1.34 1.02 £ 0.32 4.00 + 0.00 4.77 £ 0.43 3.00 = 0.00
196 3 5.36 + 1.17 7.46 £ 1.67 6.54+1.69 128 +045 4.00 = 0.00 4.77 + 043 3.00 + 0.00
196 4 5.36 + 1.17 7.46 £ 1.67 776 £251 152+0.61 4.00 + 0.00 4.77 + 043 3.00 + 0.00
196 5 536 + 1.17 7.46 + 1.67 802+236 156+0.59 4.00+0.00 4.77 + 043 3.00 + 0.00
164 0 4.03 +0.78 6.39 + 1.69 582 +269 152+082 4.00 + 0.00 5.00 + 0.00 2.80 + 0.61
164 1 4.03 +£0.78 576 +1.02 642 +299 165+077 4.00 = 0.00 5.00 + 0.00 2.80 + 0.61
164 2 4.03 + 0.78 570 £ 1.06 7.08+297 182+081 4.00+0.00 5.00 + 0.00 2.80 + 0.61
164 3 4.03 £0.78 5.70 £ 1.06 8.13 + 3.94 2.10 + 1.08 4.00 + 0.00 5.00 = 0.00 2.80 + 0.61
164 4 4.03 £ 0.78 570 + 1.06 9.55+398 246+114 4.00 + 0.00 5.00 + 0.00 2.80 + 0.61
164 5 4.03 +0.78 570 £ 1.06 9.00£297 229+0.80 4.00 +0.00 5.00 + 0.00 2.80 + 0.61
131 0 3.21 + 0.69 532 +1.25 5.60 = 1.60 1.80 + 0.58 3.90 + 0.31 4.53 £ 0.51 3.00 = 0.00
131 1 3.21 £ 0.69 4.40 + 0.84 6.10 + 243 194 +0.67  4.00 = 0.00 4.83 +0.38 3.00 + 0.00
131 2 3.21 £ 0.69 4.40 + 0.87 639 £155 207 +0.59 4.00 + 0.00 4.83 + 0.38 3.00 + 0.00
131 3 3.21 £ 0.69 4.40 + 0.87 713+£209 228+0.69  4.00 +0.00 4.83 + 0.38 3.00 + 0.00
131 4 3.21 £ 0.69 4.40 + 0.87 823 +283 264+0.93 4.00 +0.00 4.83 + 0.38 3.00 + 0.00
131 5 3.21 £ 0.69 4.40 + 0.87 917 £292 295+0.98  4.00 + 0.00 4.83 + 0.38 3.00 + 0.00
98 0 2.54 + 0.49 3.87 £ 0.88 502+128 203+059 373+045 4.63 + 0.49 2.80 + 0.55
98 1 2.54 + 049 3.47 + 0.63 474 £ 1.23 1.93 £ 0.63 3.80 £ 0.41 4.77 £ 0.43 293 £0.25
98 2 2.54 + 0.49 3.47 £ 0.66 502 +145 202+063 3.87+0.35 4.77 + 043 2.93 + 0.25
98 3 2.54 + 0.49 3.47 £ 0.66 559 +1.87 226+080 3.87+0.35 4.83 +0.38 2.93 +0.25
98 4 2.54 + 0.49 3.47 £ 0.66 683 +273 275+114 393 +0.25 4.90 + 0.31 2.93 + 0.25
98 5 2.54 + 0.49 3.47 £ 0.66 732+237 296+104 3.87+035 4.90 + 0.31 2.93 + 0.25
207 0 3.21 £ 0.54 3.44 £ 0.81 573+1.32 1.83+052 3.00 +0.00 4.00 + 0.00 2.00 + 0.00
207 1 3.21 + 0.54 3.79 + 0.65 6.83 = 2.62 221 +1.05 3.00 + 0.00 4.00 + 0.00 2.00 = 0.00
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TABLE 7 (Continued)
Tube Tube Objective scoring Subjective scoring
voltage current
A (kV) (mAs) B CTDl,o (mGy)  SSDE(mGy) CNR CCR Blood vessel Intestinal wall Lesions
9 80 207 2 3.21 £ 0.54 452 £ 0.97 6.96 + 2.15 224 +0.86  3.00 £ 0.00 4.00 + 0.00 2.00 = 0.00
9 80 207 3 3.21 £ 0.54 4.44 + 0.83 6.04 + 1.30 1.92 +0.50 3.00 + 0.00 4.00 £ 0.00 2.00 = 0.00
9 80 207 4 3.21 + 0.54 444 +0.83 8.31 + 1.53 2.65+0.53 3.00 £ 0.00 4.00 + 0.00 2.00 + 0.00
9 80 207 5 321 +0.54 444 +0.83 839+ 154 267 +0.61 3.00 * 0.00 4.00 + 0.00 2.00 = 0.00
Total F 83.080 37.013 394.085 230.601 162.711 52.341 662.888
P 0.000 0.000 0.000 0.000 0.000 0.000 0.000
A F 97.591 17.037 632.019 368.632 262.511 82.644 1067.243
P 0.000 0.000 0.000 0.000 0.000 0.000 0.000
B F 53.363 65.614 0.000 15.106 0.460 5.120 0.346
P 0.000 0.000 1.000 0.000 0.806 0.007 0.885
to reduce the image noise and radiation dose. In our study, we (a) 60 9 5344
demonstrated that image quality and radiation dose decreased along i g
with the reduction of tube voltage and current when scanning water 'g =
phantom which was expected. However, as the increase of iterative : -§ 40 4
intensity, the image quality increased. These results are consistent % g
with previous studies.*®2° There were 26 recombination forms of g, 5
tube voltage, of which the current satisfied the demands of lower E .2 20 A
image noise and higher SNR and CNR in comparison to the refer- E ; 16.78 13.53 12.88
ence standard. It simplified and optimized the experimental (&) % 1069
procedure in the following studies significantly.
o L) L] ¥ L] L] ] v L]

CARE Dose 4D includes Real-time Z-axis tube current modula-
tion and Real-time angular dose modulation. It can optimize the radi-
ation dose as much as possible via regulating the tube current within
certain limits. Previous studies have proved that the radiation dose
is reduced and the image noise is increased when CARE Dose 4D is
used, and the projection angle, the localizer, protocol selection,
patient centering, the use of protective devices, and the scanning
direction need to be observed.???® In current study, the ratio of
CNR and CTDl,,, (CNR) was assessed for the optimization of image
quality and radiation dose. The image quality was much better while
the CNR was larger. As CNR with low value is unfavorable for the
interpretation and diagnosis of the image, CNR and CTDlI,, need to
be further analyzed. SSDE put forward by AAPM was used to evalu-
ate the radiation dose of CT. Nine (A) and six groups (B) were
divided according to different standard. When the plain CT scan was
conducted, the CCR of A8 was the highest, the CNR of A7 and A8
was higher than other groups, while the CTDI,, and SSDE were rel-
atively low. The CCR and CNR of B5 were higher as compared to
those in other groups. For the subjective scoring, the display of
blood vessel, intestinal wall and lesion of A8 were obviously lower
than those of A7. Hence, A7 was best for plain CT scan and com-
bined with SAFIRE 5 for reconstructed images. At the arterial phase,
the CCR of A6, A7, and A8 was the highest, the CNR of A6 was
higher than that of A7, while the CTDl,, and SSDE of A7 were
lower than those in A6. The CCR and CNR of B4 and B5 were

L]
A1l A2 A3 A4 A5 A6 A7 A8 A

—_—
o
—

9.96

CNR in groups under
different reconfiguration method

] ]
CG FBP S1 S2 S3 S84 S5

FiGc. 4. The changes of CTDI and CNR in groups under different
scan conditions (a) and reconfiguration method (b) Al-control group
(CG), 120 Kv, 200 mAs, FBP; A2-100 kV, 295 mAs; A3-100 kV,

262 mAs; A4-100 kV, 230 mAs; A5-100 kV, 196 mAs; A6-100 kV,
164 mAs; A7-100 kV, 131 mAs; A8-100 kV, 98 mAs; A9-80 kV,

275 mAs. CG-control group; FBP: BO; S1: SAFIRE, B1; S2: SAFIRE, B2;
S3: SAFIRE, B3; S4: SAFIRE, B4; S5: SAFIRE, B5.

higher than those of other groups. The scoring of blood vessel,
intestinal wall, and the lesion of A8 were lower than those of Aé
and A7 which was little lower than the standard dose. Therefore, A6
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TaBLE 8 The best conditions of small intestine CT radiograph.

Tube Tube
voltage current CTDl,q
(kV) (mAs) SAFIRE (mSv) P
A7 100 131 S4/S5 13.53 <0.001
Benchmark 120 200 0 53.84
scanning
condition

was considered as the best choice which could help obtain good image
quality and A7 received the lowest radiation dose. Above all, A7 com-
bined with SAFIRE 4 or SAFIRE 5 might be the best choice at this
stage. When it was at the small intestine period, the CCR of A7 was
highest, and the CNR of Aé was higher than that of A7 and A8, as well
as the CTDl, and SSDE of A8 were lower than other groups. The
CCR and CNR of B5 were highest among the group B. The scoring of
intestinal wall and the lesion of A8 were all lower than A6 and A7,
while that of the blood vessel was slightly lower than that of Aé.
Therefore, A7 combined with SAFIRE 4 or SAFIRE 5 was recom-
mended as the method to obtain good image quality of small intestine.
The CCR of A7, A8, and A9 was all higher than the other groups at
portal venous phase, the CNR of A2, A3, A6, and A7 was successively
decreased. The CTDlI,,, and SSDE of A8 were the lowest. The CCR
and CNR of B4 and B5 were higher than those in the other groups.
The subjective scoring using SARIRE were all higher than using FBP.
As a result, the combination of A7 and SAFIRE 4 or SAFIRE 5 was the
best condition for the scan. The result was consistent with the study

of Andrew et al.X®

However, the study of Andrew et al. has not com-
pared the interaction of the scan parameter and iterative intensity.
Our study used lower scan conditions and higher iterative intensity to
ensure the image quality. Besides, the CTDl,, had decreased by
74.85%. Nevertheless, this study still has some limitations. The subjec-
tive scoring replaced the objective measurement which might bring

some deviation.

5 | CONCLUSION

In conclusion, the tube voltage of 100 kV, tube current of 131 mAs,
and CARE Dose 4D were appropriate for people with a standard
weight using a regular CT scan, arterial phase, small intestine period,
and a portal venous phase when the MSCT was conducted. The
SAFIRE 4 or SAFIRE 5 could achieve images that were of good qual-
ity and low dose. The influence of different imaging conditions and
postprocessing techniques on the diagnosis accuracy of lesions are
still unclear. With the rise in the variety of CT, the combination of
them with CARE Dose 4D and iterative recombination technique

needs to be further explored.
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