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Abstract
To investigate the subjective and quantitative image quality and radiation exposure of CT enterography (CTE) examination performed |
at low tube voltage and low concentration of contrast agent with adaptive statistical iterative reconstruction (ASIR) algorithm,
compared with conventional CTE.

One hundred thirty-seven patients with suspected or proved gastrointestinal diseases underwent contrast enhanced CTE in a
multidetector computed tomography (MDCT) scanner. All cases were assigned to 2 groups. Group A (n=79) underwent CT with low
tube voltage based on patient body mass index (BMI) (BMI < 23kg/m?, 80kVp; BMI>23kg/m?, 100kVp) and low concentration of
contrast agent (270mg I/mL), the images were reconstructed with standard filtered back projection (FBP) algorithm and 50% ASIR
algorithm. Group B (n=58) underwent conventional CTE with 120kVp and 350mg I/mL contrast agent, the images were
reconstructed with FBP algorithm. The computed tomography dose index volume (CTDl,,), dose length product (DLP), effective
dose (ED), and total iodine dosage were calculated and compared. The CT values, contrast-to-noise ratio (CNR), and signal-to-noise
ratio (SNR) of the normal bowel wall, gastrointestinal lesions, and mesenteric vessels were assessed and compared. The subjective
image quality was assessed independently and blindly by 2 radiologists using a 5-point Likert scale.

The differences of values for CTDl,q (8.64+2.72 vs 11.55+3.95, P<.001), ED (6.34 +2.24 vs 8.52 +3.02, P<.001), and DLP
(422.6 +149.40 vs 568.30+213.90, P < .001) were significant between group A and group B, with a reduction of 25.2%, 25.7%,
and 25.7% in group A, respectively. The total iodine dosage in group A was reduced by 26.1%. The subjective image quality did not
differ between the 2 groups (P> .05) and all image quality scores were greater than or equal to 3 (moderate). Fifty percent ASIR-A
group images provided lower image noise, but similar or higher quantitative image quality in comparison with FBP-B group images.

Compared with the conventional protocol, CTE performed at low tube voltage, low concentration of contrast agent with 50% ASIR
algorithm produce a diagnostically acceptable image quality with a mean ED of 6.34 mSv and a total iodine dose reduction of 26.1%.

Abbreviations: AP = arterial phase, ASIR = adaptive statistical iterative reconstruction, BMI = body mass index, CNR = contrast-
to-noise ratio, CTDI, o = computed tomography dose index volume, CTE = computed tomography enterography, DLP = dose length
product, ED = effective dose, FBP = filtered back projection, HU = Hounsfield unit, MDCT = multidetector computed tomography,
ROI = region of interest, SD = standard deviation, SMA = superior mesentery artery, SMV = superior mesentery vein, SNR = signal-
to-noise ratio, VP = venous phase.
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Editor: Biilent Kantarceken. 1. Introduction

Gastrointestinal diseases are very common in clinic, and they
have grown up to be a primary cause of mortality."! Many
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imaging modalities have been used to identify and diagnose
gastrointestinal diseases. Traditional and capsule endoscopy can
directly improve mucosal visualization, but these methods are
unable to visualize the entire bowel wall and the extraluminal
abnormalities.”! Although MR enterography has become a
standard imaging method, it is time consuming and susceptible to
bowel movement and breathing, resulting in poor image
quality.®! With the higher spatial resolution, multiplanar
reformation, wide scanning range, computed tomography
enterography (CTE) has become the most important method
for evaluating gastrointestinal disorders, particularly for small
bowel diseases.!*®! The major drawback of CT is exposure to
ionizing radiation, particularly for young patients.’! Many
studies have proved that low tube voltage was a practical


mailto:zhenli@hust.edu.cn
http://creativecommons.org/licenses/by-nd/4.0
http://creativecommons.org/licenses/by-nd/4.0
http://dx.doi.org/10.1097/MD.0000000000010151

Feng et al. Medicine (2018) 97:12

Medicine

Patients with suspected gastrointestinal
lesions underwent contrast enhanced
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Figure 1. Flowchart of the study population.

approach applied to reduce radiation dose during CT acquisi-
tion."”~! Nakaura et al'®' has also confirmed that the radiation
dose decreased by 20% when the tube voltage decreased from
120 to 80kVp. However, a principal byproduct of low tube
voltage is the loss of image quality because of the associated
increase in image noise and higher susceptibility to beam-
hardening artifacts, especially for those patients with high body
mass index (BMI).!"! The application of adaptive statistical
iterative reconstruction (ASIR) algorithm has the potential to
overcome the increased image noise, improve the image quality,
and decrease the radiation dose,/''™%! and a 30% to 50%
blending level of ASIR algorithm can produce a better image
quality.!"'°'With the rapid development of multidetector
computed tomography (MDCT), it has been reported that
contrast-induced nephropathy (CIN) was one of the main causes
of hospital-acquired acute renal failure due to the increased
application of contrast-enhanced CT.™ Hence, the smallest
diagnostically appropriate amount of contrast material should be
used in patients, particularly those with chronic kidney
disease.['! Several studies have investigated the clinical utility
of low tube voltage and low concentrations of contrast agent
(270 mg I/mL) in displaying blood vessels.''*'3 But, there are a
few published studies about the application of low tube voltage
combined with low concentration contrast agent to CTE. Hence,
the purpose of the present study was to discuss whether it was
feasible to acquire diagnostically acceptable image quality when
CTE performed at low contrast agent, low tube voltage based on
BMI with 50% ASIR algorithm on patients with suspected or
proved gastrointestinal diseases.

2. Materials and methods

2.1. Study cohort

This study was approved by our institutional review board, and
written informed consent was obtained from all patients before
the examination. Patients who were suspected or proved of
having gastrointestinal diseases were enrolled. Inclusion criterion
was a patient who underwent CTE examination. Clinical
exclusion criteria were pregnancy, allergy to the contrast

medium, renal impairment, (estimated glomerular filtration
rate < 60 mL/min/1.73 m?, measured within 2 weeks before the
enrollment). Eleven patients were excluded for these reasons. At
last, 137 patients (65 female, 72 male; mean age 54 +14 years;
age range 19-84 years) were included from October 2015 to
February 2016 in this prospective study. A flowchart of the study
population is shown in Fig. 1.

2.2. CT examination

All patients were assigned to the 2 groups and underwent
contrast-enhanced CTE using a 64-slice MDCT scanner
(Discovery CT750 HD, GE Healthcare, Milwaukee, WI). Group
A (n=79) underwent at low tube voltage (BMI <23 kg/m?, 80
kVp; BMI>23kg/m?, 100kVp), low contrast agent concentra-
tion (iodixanol, 270 mg I/mL, GE Healthcare) contrast-enhanced
MDCT, and the raw data were reconstructed with filtered back
projection (FBP) and 50% ASIR (GE Healthcare). Group B (n=
58) underwent at 120kVp and conventional contrast agent
concentration (Optiray, 350 mg I/mL, Mallinckrodt, Canada),
and images were reconstructed with FBP.

A thorough dilatation of the bowel was required to obtain
diagnostic gastrointestinal images. We chose mannitol (20% w/v;
Double-Crane Pharmaceutical, Beijing, China) as the contrast
agent in our study. This agent retards the resorption of water in
the intestine. Our specific protocol for CTE required patients to
fast for 6 hours before the procedure. The solution was prepared
by diluting 250mL of mannitol with 1750mL of water to
produce an isoosmotic solution. If the patients could tolerate,
they were encouraged to ingest 1500 to 2000 mL of the solution
every 10minutes for 40 minutes to dilate the gastrointestinal
tract.

All patients were placed in a supine, feet-first position on the
CT couch, and the scanning volume was acquired from the top of
the diaphragm to the perineum in a cephalocaudal direction
during a single breath-hold to minimize motion artifacts. Dual-
phase, contrast-enhanced helical images of the entire abdomen
were obtained. The arterial phase (AP) scanning was initiated by
bolus tracking (Smartprep, GE Healthcare Technologies, WTI)
when a threshold enhancement of 120 Hounsfield unit (HU) was
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CT scanning parameters, injection parameters, and postproces-
sing algorithms.

Parameter Group A Group B
Scanning parameters
Tube voltage, kVp 80, 100 120
Tube current, effective mAs Auto Auto
Rotation time, s 0.5 0.5
Pitch 0.984:1 0.984:1
Detector configuration, no. of sections x mm 170 x 0.625 170 x 0.625
Acquisition mode Axial Axial
Injection parameters
lodine concentration, mg/mL 270 350
Volume, mL/kg 1 1
Inject duration, s 20 20
Reconstruction parameters
Reconstruction algorithm FBP, 50% ASIR FBP

ASIR=adaptive statistical iterative reconstruction, FBP =filtered back projection.

achieved in the abdominal aorta. The venous phase (VP) was
initiated 25 to 30seconds after the completion of AP scanning.
Contrast material was injected through the antecubital vein with
an 18 gauge intravenous cannula using a double-tube high-
pressure injector (Stellant, Medrad, CO, WI), followed by a
20 mL saline flush, each with an injection time of 20 seconds. The
total contrast volume was 1 mL/kg.

The CT imaging parameters for both groups were as follows:
automatic tube current; rotation time, 0.5 seconds; detector pitch,
0.984:1; matrix, 512 x 512; table speed, 39.37 mm/rotation; and
slice thickness/interval, 0.625 mm (Table 1).

All images were transferred to the workstation (ADW 4.6; GE
Medical Systems, Milwaukee, WI) for quantitative and qualita-
tive analysis.

2.3. Qualitative analysis

Two board-certified abdominal radiologists (Z.L., 14 years of
experience; F.C., 6 years of experience) who were blinded to the
scan technique, reconstruction methods and pathology results
performed the qualitative analysis in a random order. The
subjective scale used to assess image quality was the 5-point
Likert scale, with 5 being the highest quality and 1 being the
lowest (1=poor; 2=acceptable; 3=moderate; 4=good; 5=
excellent), which was based on the spatial resolution, soft-tissue
contrast, sharpness of tissue interfaces, conspicuity of anatomical
detail, degree of image degradation by streak or beam-hardening
artifacts and the overall image quality. Only an image quality of
3 or higher was considered sufficient for diagnosis.

2.4. Quantitative analysis

Quantitative image analysis of each CT examination was
conducted on the workstation in a blind manner. Image noise
was recorded as standard deviation (SD) of the CT attenuations
in a region of the subcutaneous fat of the anterior abdominal wall
on axial images."®! To minimize measurement bias, each region of
interest (ROI) was measured 3 times and average data were
acquired. The CT attenuations of the main superior mesentery
artery (SMA), superior mesentery vein (SMV) were measured by
placing a circular ROl in the center of the vessels on axial images,
as described in previous studies.!®!®! CT attenuations of
background were measured by setting a ROI on the erector
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spinae at the same layer. The attenuations of gastrointestinal
tumors were measured by drawing an irregular ROI along the
lesion margin on the largest cross section at the VP, excluding
blood vessels, necrosis, lumen contents, and extraenteric tissues.
For the inflamed bowel with wall thickening and layered
enhancement, the ROIs were set within the mucosa exhibiting
the greatest degree of enhancement on axial images at the VP.!'”!
For normal small bowel, the distended loop was selected. Mural
CT attenuation at the VP was measured by placing a small
enough ROI within inner-part of the bowel wall, moved it slowly
and get the highest attenuation.!'®! The signal-to-noise ratio
(SNR) and contrast-to-noise ratio (CNR) were calculated as
follows: SNR =CTaget/SDbackground  and  CNR=(CTypgec —

CTbackground )/SD background-

2.5. Radiation dose

The computed tomography dose index volume (CTDI,,,) and
dose length product (DLP) were recorded for each CT scan. The
effective dose (ED) was calculated with the following equation:
ED=k x DLP and k=0.015 (mSv x mGy ' x cm %), which is the
dose conversion factor for CT of the abdomen, according to the
guidelines of the International Commission on Radiological
Protection."!

2.6. Statistical analysis

Statistical analysis was performed with SPSS statistical software
(version 18.0 for Windows). All quantitative values were
expressed as mean+SD and an unpaired Student # test was used
to investigate differences in clinical data (age, height, body
weight, BMI, and maximum transverse diameter), radiation dose
(CTDI,,, ED, and DLP), quantitative image quality parameters
(CT values, image noise, SNR, and CNR) between the group A
and group B. The subjective image quality scores between the
FBP-A and FBP-B groups, 50% ASIR-A and FBP-B groups were
compared with Chi-square test. Kappa analysis was used to
evaluate the inter-observer agreement between the 2 radiologists
with k statistics. A P-value<.05 indicated a statistically
significant difference.

3. Results

Clinical data (patient age, height, body weight, BMI, and
maximum transverse diameter) are summarized in Table 2. There
were no significant differences in patient age (P=.870), height
(P=.908), body weight (P=.227), BMI (P =.146), and maximum
transverse diameter (P=.424) between the 2 groups.

The radiation dose and contrast agent dose are shown in
Table 3. The radiation dose decreased obviously with the
application of low tube voltage in group A. The differences of
values for CTDIL,, (8.64+2.72mGy vs 11.55+3.95mGy,

Comparison of the clinical data between group A and group B.

Parameter Group A Group B t P
Age, y 54.01+15.89 54.40+11.95 0.164 .870
Height, cm 164.23+796 164.39+7.93 0.116 .908
Body weight, kg 58.93+10.85 61.22+10.91 1.215 .227
BMI, kg/m? 21.73+3.07  2251+3.06 1.464 .146
Maximum transverse diameter, cm  29.33+2.65 29.72+298 0.802 .424

BMI=hody mass index.
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Comparison of the radiation dose, contrast agent dose and total
iodine dose between group A and group B.

Parameter Group A Group B t P

CTDl,o, mGy 8.64+2.72 11.55+3.95 4810  <.001
DLP, mGycm 422.6+149.40 568.3+213.90 4.423  <.001
ED, mSv 6.34+2.24 8.52+3.21 4423 <.001
Contrast agent dose, mL ~ 58.93+10.85 61.22+10.91 1215 <146
Total iodine dose, g 15.91+2.93 21.42+3.82 9139  <.001

CTDl,o=CT dose index volume, DLP =dose length product, ED =effective dose.

P<.001),ED (6.34+2.24mSv vs 8.52 +3.02mSv, P<.001), and
DLP (422.6+149.40mGy-cm vs 568.30+213.90 mGy-cm, P
<.001) were significant between the 2 groups, with a reduction of
25.2%,25.7%, and 25.7% in group A, respectively. There was
no difference in the mean contrast agent dose between the 2
groups (P=.227). The mean total iodine dosage was significantly
lower in group A (15.91+2.93g) than group B (21.42+3.82¢g)
(P<.001), with a reduction of 26.1%.

The results of qualitative analysis are summarized in Table 4.
Both protocols yielded excellent subjective image quality. All
image quality scores were greater than or equal to 3 (moderate)
with respect to the overall image quality and enhancement of the
SMA, SMV, mucosa of normal bowel, and gastrointestinal
lesions. There was substantial interobserver agreement with
respect to image quality (Kappa=.627). There were no
significant differences between the FBP-B group and FBP-A
group, FBP-B group and the 50% ASIR-A group (P=.439 and
P=.157, respectively). Image noise was lower in the 50% ASIR-A
group than the FBP-A and FBP-B groups (Fig. 2).

CT values, CNR and SNR of the FBP-A group and 50% ASIR-
A group were compared with those of the FBP-B group.
Compared with the FBP-B group, the CT values of the SMA,
SMV, and gastrointestinal tumors in VP were significantly higher
ingroup A (P <.05) (Table 5 and Fig. 3). The values for CNR and
SNR of the SMA and SMV were significantly higher in the FBP-A
group and 50% ASIR-A group than FBP-B group (P <.05). The
values for CNR and SNR of the gastrointestinal tumors in the
50% ASIR-A group were significantly higher than FBP-B group
(P<.05), there was no significant difference between the FBP-A
and FBP-B groups (P>.05). However, there were no significant
differences in CT values, CNR and SNR of mucosa of the normal
and inflamed bowel between the 2 groups (P >.05).

4. Discussion

CTE is an essential modality and plays an important role in the
primary diagnosis and follow-up of patients with suspected or
proved gastrointestinal diseases.'*?”! The need to reduce the
radiation dose of the contrast enhanced CT while maintaining

Comparison of qualitative analysis scores of the images of the
FBP-A and 50% ASIR-A with FBP-B groups.

Group Radiologist 1 Radiologist 2 Average P
FBP-A 4.01+0.59 4.04+0.56 4.02+0.39 439
50% ASIR-A 4.00+0.42 4.04+0.44 4.02+0.37 157
FBP-B 4.15+0.55 4.27+0.56 4.21+0.55

ASIR=adaptive statistical iterative reconstruction, FBP =filtered back projection.
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Figure 2. Box-and-whisker plots showing the mean and standard deviation of
the image noise among the different reconstruction protocols. The noise of the
images reconstructed with 50%ASIR of group A was significantly lower than
the images reconstructed with FBP of group A and group B.

image quality is generally known. As a main strategy to decrease
radiation dose, lower tube voltage has been reported to be used in
many areas.['>?*2 The use of a low tube voltage of 80kVp
technique for CTE in patients with lower body weight while
maintaining image quality has also been reported.*3! More
studies have suggested that patient BMI was a better criterion for
determining the tube voltage. Hence, in our study, we chosen
different tube voltage based on patient BMI rather than body
weight.

In our study, CTE performed at lower tube voltage and a lower
concentration of contrast agent exhibited an approximately
25.7% reduction of ED and a 26.1% reduction of contrast agent
dose, compared with CTE examinations performed at 120kVp
with FBP image reconstruction algorithm. Del Gaizo et al**
concluded that reducing the tube voltage to 80 or 100kVp could
produce a 16% to 30% reduction of radiation dose, which was
consistent with our results. However, the reduction of radiation
dose reported in our study was lower than that reported by Kaza
et al,”*®! in which CTE was only performed at 80kVp in patients
weighing less than 160 1b and the radiation dose was decreased by
40%. The reason for the difference may be that overweight
patients were not excluded from our study. Previous study has
demonstrated that the image noise affected image quality when
patient size exceeded a given threshold.[*>! Hence, the decease of
tube voltage should be based on patient size. Otherwise, because
of the motion artifacts, it was more challenging for us to maintain
diagnostically acceptable image quality of the gastrointestinal
tract than the retroperitoneal organs in abdominal CT.
Therefore, in our study patients with BMI over than 23 kg/m?
underwent CTE at 100 kVp instead of 80 kVp, which contributed
to a relative increase in radiation dose.

During the quantitative analysis, our results indicated that the
CT values and CNR of SMA and SMV in group A were
significantly higher than those in group B. This result indicated
that lower tube voltage technique combined with lower
concentration of contrast agent could display blood vessels
more clearly. Similar result has also been reported in the study
published by Keller et al,”*®! they concluded that the increased
attenuation of iodine was another superiority of lower tube
voltage, leading to increased tissue contrast of enhanced tissues.
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Comparison of the CT values, SNR and CNR in mucosa of the normal intestine, inflammatory diseases, tumors, SMA and SMV of the FBP-A

and 50% ASIR-A with FBP-B groups.

Group Parameter Normal Inflammation Tumor SMA SMv
FBP-A HU 99.92 +20.34 76.36+23.26 87.67+14.72" 318.56+54.04" 178.43+34.40"
CNR 1.18+0.77 0.84+0.69 0.70+0.66 11.28+2.98" 462+161"
SNR 4514122 3.63+1.64 4.05+1.02 14.62+3.30" 8.08+2.08"
50% ASIR-A HU 97.65+19.94 75.71+23.18 86.78+15.80" 316.16£52.96" 177.10+34.84"
CNR 1.28+0.85 0.95+0.76 0.85+0.76" 13.19+3.74" 540+2.06"
SNR 5194145 4174197 4724134 17114419 9.48+2.70"
FBP-B HU 96.38+14.05 78.54+19.05 74.56+16.21 261.41+51.52 139.68+17.19
CNR 1.17+0.65 0.56+0.56 0.71+0.41 9.26+2.86 3.22+0.91
SNR 4.49+0.76 3.71+1.34 3.48+0.87 12.43+3.14 6.55+1.29

ASIR = adaptive statistical iterative reconstruction, CNR = contrast-to-noise ratio, FBP =filtered back projection, HU =Hounsfield unit, SMA = superior mesentery artery, SMV = superior mesentery vein, SNR=

signal-to-noise ratio.
Statistically significant difference (P< .05).

This increased image contrast could be beneficial in evaluating
patients with suspected gastrointestinal lesions, such as inflam-
matory bowel diseases, in which mucosa can be obviously
enhanced. In our study, the quantitative image quality of
gastrointestinal tumors in the FBP-A and 50% ASIR-A groups
were significantly higher than those of group B, analogous result
has been reported by Marin et al,”*! they concluded that ASIR
significantly improved conspicuity of hypervascular liver lesions.
However, there were no statistically significant differences in CT
values of the normal and the inflamed bowel wall between the 2
protocols in our study. This result was contradicted with the
previous study, in which mucosal hyperenhancement are more
pronounced at lower tube voltage of inflamed bowel.!*”!

One possible explanation could be that the mucosa was too
thin for the radiologists to set ROI in the right place within
mucosa of normal intestine, which may lead to measurement
bias. Otherwise, the number of cases with inflamed bowel was
comparably less in our study, related research would continue in

patients with inflammatory bowel disease, who need repeated
imaging examinations.

Low tube voltage protocol affects image quality because of the
associated increase in image noise and higher susceptibility to
beam-hardening artifacts.”®! The decrease in tube voltage leads
to a reduction in the amount of penetrating radiation, resulting in
increased image noise, particularly in obese patients.””! ASIR
algorithm was a main noise reduction technique that used to
compensate for the increased image noise in lower tube voltage
examinations. Many previous studies have demonstrated that the
combination of lower tube voltage with ASIR images reconstruc-
tion algorithm could reduce the radiation dose while maintaining
image quality.">*3! ASIR algorithm could be conducted at
different blending levels, and we used a 50%ASIR in our study,
which was used as our clinical protocol. Image noise was reflected
by SNR and SD. As expected, in our study, the 50% ASIR-A
group images provided lower value for SD, but similar or higher
values for SNR in comparison with FBP-A group images. This

Figure 3. CTE of a 53-year-old male patient (BMI: 20.1kg/m?) with gastric adenocarcinoma underwent CTE at 80kVp/270mg I/mL with FBP and 50%ASIR
algorithm. Maximum intensity projection images of SMA reconstructed with FBP (A), 50% ASIR (B) and SMV reconstructed with FBP (C), 50% ASIR (D). Axial
images show wall thickening of the gastric antrum reconstructed with FBP (E) and 50% ASIR (F) respectively. CTDI,;, DLP, ED, and total iodine dose were 7.18
mGy, 316.67 mGy-cm, 4.75mSv, and 16.85g. SD of the images reconstructed with 50% ASIR was reduced obviously and subjective image quality was similar

between the 2 reconstruction methods.
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result was consistent with the study published by Li et all*?! with
adrenal and nephrogenic hypertension, they also demonstrated
that SD values in the ASIR-groups were obviously lower than the
FBP groups. Depending on the results of the quantitative image
quality analysis, lower tube voltage was not thought to affect the
ability to detect obvious gastrointestinal diseases, and the
increase in noise could be reduced by the use of ASIR algorithm.

Regarding the subjective image quality score, all image quality
scores were greater than or equal to 3 (moderate) with respect to
the overall image quality and enhancement of the SMA, SMV,
normal bowel wall, and gastrointestinal lesions. We concluded
that the low tube voltage CTE technique had a similar subjective
image quality as the 120kVp CTE protocol for the detection of
gastrointestinal disorders.

Our study has a few limitations. First, although significant
differences were calculated, the population that underwent 120
kVp protocol was too small compared to the population that
underwent low tube voltage protocol. Second, instead of
reconstructing images with ASIR at different levels of blending,
only 50% blending of ASIR instead of different percent blending
was calculated in our study. Third, we focused on comparing the
radiation dose, contrast agent dose and image quality, but the
influence of BMI was not properly considered, which can affect
the image quality obviously. The fourth limitation was that a
pathological diagnosis was not given for all the gastrointestinal
lesions in our sample.

In conclusion, CTE performed at lower tube voltage and lower
contrast agent dose yielded diagnostically adequate image
quality, with a 26.1% reduction in the contrast agent dose
and a 25.7% reduction in the radiation dose, compared with the
CTE performed at standard tube voltage and contrast agent dose.
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