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Abstract

Background: The application of multislice spiral computed tomography (MSCT) scan has improved the diagnosis of small bowel
diseases (SBDs).

Objectives: This study aimed to develop a structured report (SR) template for SBDs based on MSCT scans and to compare its value
with free-text reports (FTRs) by radiologists with different levels of seniority in radiology.

Patients and Methods: A total of 120 SBD cases were confirmed based on the clinical manifestations, surgery, colonoscopy, and
pathology. An SR template for small bowel imaging was developed, and six radiologists were divided into inexperienced and expe-
rienced groups. Sixty cases with small intestinal MSCT data were available for FTRs and another 60 cases for SRs after training. The
report accuracy, satisfaction, and completion time were compared between the two reporting methods.

Results: The writing time of SRs was significantly shorter than that of FTRs. By using FIRs, the experienced group showed higher
levels of sensitivity for all diseases (i.e., intestinal wall, intestinal peripheral artery, blood vessel, bone, and other abdominal organ
diseases) (P < 0.05). The experienced group showed a low misdiagnosis rate for all diseases (P < 0.05), except for bone disease (P=
0.161). By using SRs, the experienced group only showed a low misdiagnosis rate for the intestinal wall disease (P < 0.05). High sen-
sitivity for the intestinal wall disease (P < 0.05) and intestinal peripheral artery disease (P = 0.024), along with improved sensitivity
for bone lesions (P < 0.05), was reported in this group. In the inexperienced group, SRs improved sensitivity for all diseases (P <
0.05), except for intestinal wall disease (P> 0.05). The satisfaction scores for both inexperienced and experienced groups improved
by using SRs (4 vs. 2.6 for the inexperienced group and 4.1 vs. 3.2 for the experienced group; P < 0.05 for both).

Conclusion: The SRs were superior to FTRs in terms of writing efficiency, accuracy, and satisfaction. They could improve the accuracy
of inexperienced radiologists in diagnosis and help detect SBDs.
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. Background SBDs by allowing for the visualization of the gastrointesti-
nal tract (4-6). Multislice spiral computed tomography

The small bowel has long been regarded asablindspot ~ (MSCT) enterography can accurately evaluate the blood

by endoscopists due to its location, length, tortuosity, and
complex anatomy. Also, several disorders of the small in-
testine, such as intestinal obstruction, ischemia, tumors,
and inflammatory bowel disease, lack specific symptoms
(1, 2). Therefore, rapid and accurate diagnosis of small
bowel diseases (SBDs) has become a clinical challenge (2,
3). In recent years, the advent and application of imag-
ing techniques have markedly improved the diagnosis of

supply of mesenteric vessels and intestinal wall and is the
mainstay of imaging methods for determining the cause
of intestinal obstruction and extraintestinal lesions (7, 8).
Because of its operability, painlessness, cost-effectiveness,
rapid imaging, and few contraindications, MSCT has been
widely used in clinical practice (9).

Radiological reports are the most important means of
communication between radiologists and referring physi-
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cians, and the majority of radiology reports for MSCT en-
terography are free-text reports (FIRs) (10). Traditional
FTRs are characterized by excessive variability in length,
language, and style, which can minimize the clarity of
reports and make it difficult for referring clinicians to
identify key information for patient care (11). In con-
trast, a structured report (SR) typically uses standardized
phrases with consistent formatting. So far, several stud-
ies have demonstrated the advantages of SRs over conven-
tional FTRs, which include improved report clarity and
consistency, higher radiologist satisfaction, and greater ef-
ficiency (12, 13). However, the value of SRs in small bowel
MSCT imaging remains unknown.

2. Objectives

The present study aimed to develop an SR template for
small bowel MSCT enterography and to evaluate its conve-
nience and practicability by improvement of writing effi-
ciency, satisfaction scores, and sensitivity and specificity
for SBDs. This study also aimed to compare the applica-
tion of FTRs and SRs and to further investigate the conve-
nience and practicability of SRs based on evaluations by
physicians with different years of experience.

3. Patients and Methods

3.1. Patients

Patients who underwent MSCT enterography in our
hospital were included in this study. The inclusion crite-
ria were as follows: (1) patients with pathologically con-
firmed or clinically diagnosed small intestinal tumors, in-
flammation, or mesenteric vascular lesions; (2) patients
with complete clinical and imaging data; and (3) patients
aged above 18 years. A total of 120 cases were included in
this study and randomly assigned to two groups of FIR
and SR. For neoplastic and non-neoplastic lesions requir-
ing surgery (e.g., intestinal necrosis and strangulated in-
testinal obstruction), surgical pathology was performed
and used as the gold standard.

3.2. Development of an SR Template for Small Bowel Imaging

In March 2017, a team was formed to develop an SR
template for small bowel imaging. The SR was developed
for SBDs, and the SR team composed of experienced physi-
cians from the departments of radiology, gastroenterol-
ogy, gastrointestinal surgery, and oncology to ensure a
comprehensive evaluation. Our SR team included eight
radiologists, one imaging technician, two gastroenterolo-
gists, two gastrointestinal surgeons, and two oncologists.
The retrospective analyses of MSCT enterography findings

were performed by radiologists after 2014, and the symp-
toms reported in the literature and the previous study by
our research team were collected (14, 15).

Next, the SRs for MSCT enterography were formulated
and discussed by multidisciplinary experts. Finally, the SR
template for MSCT enterography was generated (Appendix
1-3). It included clinical diagnosis, details of CT exami-
nation, imaging findings (e.g., intestinal filling scores, lo-
cation, intestinal wall thickening, degree and symmetry
of intestinal wall thickening, strengthening of intestinal
wall, intestinal obstruction, and continuity of the small
bowel mucosa), and imaging diagnosis.

This study was performed according to the Declaration
of Helsinki (http://www.cirp.org/library/ethics/helsinki/)
and was approved by the ethics committee and animal
management committee of our organization.

3.3. Preparation Before Inspection

Bowel hypotonicity and filling were assessed as previ-
ously described (14). Patients without any contraindica-
tions were allowed to have a low residue diet the night
before scanning. Polyethylene glycol electrolyte powder
(HeShuang, Shenzhen Wanhe Pharmaceutical Co. LTD,
China) was used for bowel preparation and administered
orally according to the following procedure. Initially, the
first box of medication was prepared by adding polyethy-
lene glycol electrolyte powder to 1000 mL of warm boiled
water. At 8: 00 pm and 8: 15 pm, 750 and 250 mL of medica-
tion were used, respectively. The second box also contained
1000 mL of medication, and a dose of 250 mL was taken at
8:30, 8:45,9: 00, and 9: 15 pm, respectively. After these two
boxes were consumed, the patients were allowed to drink
approximately 2000 -3000 mL of warm boiled water until
their excrement became clear water.

Imaging examinations were performed between 8: 00
am and 10: 00 am on the second day. To avoid hypo-
glycemia, the patients were allowed to drink 150 - 200
mL of sugar water around 8: 00 am on the same day.
Orally, 2000 mL of 20% isotonic mannitol (Baxter Health-
care, Shanghai, China) was administered in four doses at
15-minute intervals before scanning. In patients with poor
tolerance, small amounts of isotonic contrast agent were
taken orally as many times as possible. Also, water depri-
vation was necessary for patients diagnosed with obvious
intestinal obstruction. The fluid and gas within the ob-
structed lumen of these patients were observed via imag-
ing. An adequate amount of isotonic contrast agent was
administered when satisfactory filling was not achieved.
Patients without any contraindications were injected with
20 mg of anisodamine intramuscularly at 10 minutes be-
fore scanning. Gastric tube decompression was performed
immediately in case of unsuitable filling.
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3.4. MSCT Enterography Procedures and Post-processing of Im-
ages

MSCT enterography was performed using a 64-slice spi-
ral CT scanner (Somatom Sensation 64, Siemens, Forch-
heim, Germany) or a dual-source CT scanner (Definition
Flash, Siemens, Forchheim, Germany or Somatom Force,
Siemens, Forchheim, Germany). Unenhanced CT scan was
performed from the diaphragmatic dome to the symph-
ysis pubis. ULTRAVIST (370 mgl/mL, 1.5 mL/kg body weight;
Bayer Schering, Germany) was injected intravenously into
the right elbow at a rate of 3.5 mL/s with high pressure,
and then, a three-phase contrast-enhanced scan was per-
formed. The CT threshold-triggered scanning technique
was applied for the arterial phase scanning of the small
intestine. The abdominal aorta and the 11th thoracic ver-
tebra were selected for scanning by positioning the film.
The region of interest (ROI) was delineated in the image of
abdominal aorta. When the CT value reached 100 HU, ar-
terial phase scanning was performed. Data were collected
at 40 seconds after injection in the small bowel phase. A
venous phase scan was also performed at 75 seconds post-
injection.

All CT images were transferred to a post-processing
workstation for analysis, using the picture archiving and
communication system (PACS). The multiplanar recon-
struction (MPR), maximum intensity projection (MIP), and
volume rendering technique (VRT) were used to indicate
the overall morphology of the small intestine and its le-
sions, the mesenteric artery, and abdominal aorta and its
major branches, respectively.

3.5. Evaluation of SR Accuracy and Satisfaction in MSCT En-
terography

Six radiologists were selected and divided into an inex-
perienced group (group A, three radiologists with less than
five years of experience in imaging diagnosis; Al, A2, and
A3) and an experienced group (group B, three radiologists
with more than five years of experience in imaging diag-
nosis; B1, B2, and B3). Overall, 60 MSCT scans of SBDs were
analyzed by the two groups using FTRs, and the completion
time was recorded. All physicians participated in SR train-
ing until they passed it. Another set of 60 MSCT scans of
SBDs were provided for each trainee to write SRs. Radiolo-
gists in both groups wrote reports using SRs, and the com-
pletion time was then recorded. The six radiologists were
blind to the clinical data and pathological findings of all
cases. All 120 cases, including both negative and positive
cases, were confirmed by surgery, pathology, and clinical
examination. The disease types are presented in Table 1.

The accuracy and satisfaction of FTRs and SRs were as-
sessed by the SR team, based on the surgical pathology,
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colonoscopy, and biopsy results, clinical diagnosis, clini-
cal treatment, and follow-up as composite endpoints. Ac-
curacy was evaluated via surgical pathology for patients
who underwent surgery, while the clinical data and follow-
up results were considered for patients who did not un-
dergo surgery. The SR team was blind to the study design
and theradiologists’ information. The reportaccuracy was
evaluated for diseases in five regions, including the intesti-
nal wall, intestinal periphery, blood vessels, bones, and
other abdominal organs. The positive and negative accu-
racy, misdiagnosis rate, and total misdiagnosis rate were
calculated for these diseases. Besides, sensitivity was de-
fined as the positive coincidence rate, while specificity was
defined as the negative coincidence rate. The misdiagnosis
rate for each item was calculated using the following equa-
tion:

o . Falsenegativerate + False positiverate
Misdiagnosis rate =

Number of cases

The total misdiagnosis rate was the sum of misdiagno-
sis rates for all the items, including the intestinal wall, in-
testinal peripheral artery, blood vessels, bones, and other
abdominal organs. The satisfaction scores, ranging from
one to five, were determined based on previous studies (16-
19) and by discussion among researchers in this study. The
satisfaction scores were assigned by the radiology depart-
ment and physicians from relevant clinical departments,
according to the scoring standards in Table 2.

3.6. Statistical Analysis

All statistical analyses were performed in SPSS version
20.0 (IBM Corp. Released 2011. IBM SPSS Statistics for Win-
dows, Version 20.0. Armonk, NY: IBM Corp.). The normal
distribution of continuous data was examined before com-
parisons using Kolmogorov-Smirnov test. The writing time
was compared between the two reporting methods using
paired t-test. A Chi-square test was also used to analyze the
report accuracy. Besides, Wilcoxon rank-sum test was used
to compare satisfaction between the two reporting meth-
ods. Statistical significance was considered to be P < 0.05.

4. Results

4.1. Patients’ Characteristics

The baseline characteristics of 120 patients examined
in this study are presented in Table 1. The mean age of
cases in the FIR and SR groups was 55 + 17 and 53 & 13
years, respectively. Comorbidities, such as heartdisease, di-
abetes, and hypertension, were reported in 22 cases in the
FTR group and 25 cases in the SR group. There was no signif-
icantdifference in the baseline characteristics and SBDs be-
tween the FTR and SR groups, suggesting that all variables
were comparable between the two groups.
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Table 1. The Clinical Characteristics of Patients with Small Bowel Diseases (SBDs)

Variables FIR group SR group t)x* P-value
Age (y) 5517 53+13 0.62 0.54
Sex
Male 39 28
Female 21 32
BMI 243 £33 23.7+18 226 0.25
Underlying disease 22 25 0.32 0.58
Heart disease 4 6
Diabetes 7 10
Hypertension 1 9
SBDs
Intestinal neoplasms 17 20 035 0.55
Adenocarcinoma 4 5
Mesenchymoma 7 6
Lymphadenoma 2 4
Leiomyoma 3 4
Adenoma 1 1
Vascular diseases 13 8 144 0.23
Superior mesenteric artery embolism 4 2
Superior mesenteric artery dissection 1 0
Superior mesenteric artery aneurysms 1 1
Superior mesenteric venous thrombosis 2 1
Portal vein thrombosis 3 2
Portal hypertension with collateral circulation 2 2
Inflammatory bowel disease 17 18 0.04 0.84
Crohn’s disease 6 5
Radiation colitis 0 2
Eosinophilic enteritis 1 0
Intestinal inflammation 10 1
Others 5 9 129 0.25
Intussusception 1 2
Mesenteric warp with small bowel obstruction 1 2
Lumbar clamping with small bowel obstruction 2 2
Inguinal hernia with small bowel obstruction 1 3
Negative imaging examination 8 5 0.776 038
Total 60 60

Abbreviations: BMI, body mass index; FIR, free-text report; SR, structured report.

4.2. Report Time

The FTR completion time for radiologists in the inex-
perienced and experienced groups was14.0 +3.1and 11.7 +
2.4 seconds, respectively. Also, the SR completion time was

111+ 1.7 and 9.8 £ 1.1 seconds in the inexperienced and ex-
perienced groups, respectively. In both inexperienced and
experienced groups, the completion time of SRs was signif-
icantly shorter than that of FTRs (z=6.152, P < 0.001and z
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Table 2. Scoring Criteria for Report Satisfaction

Scores Assessment content

[o,1] Incomplete content, unclear logic, irregular words, and poor clinical practice

[1,2] Having only one quality among qualities of content completeness, logic, technical terms, and clinical efficacy
[2,3] Having two qualities among qualities of content completeness, logic, technical terms, and clinical efficacy
[3,4] Having three qualities among qualities of content completeness, logic, technical terms, and clinical efficacy
5 Complete content, clear logic, precise words, and high clinical practice

=5.411, P < 0.001, respectively) (Table 3).

4.3. Comparison of FIR Accuracy Between Experienced and In-
experienced Groups

The accuracy of FIRs (i.e., sensitivity, specificity, misdi-
agnosis rate, and total misdiagnosis rate) by radiologists
was evaluated in this study. As shown in Table 4, radiolo-
gists in the same group showed no significant differences
regarding sensitivity, specificity, and misdiagnosis rate for
all diseases (P > 0.05 for all). Next, the accuracy of reports
by radiologists was compared between the inexperienced
and experienced groups. The radiologists in the experi-
enced group had alower total misdiagnosis rate compared
to the inexperienced group (P < 0.05). Additionally, radi-
ologists in the experienced group showed higher sensitiv-
ity for all diseases (P < 0.05), as well as higher specificity
for blood vessel and other abdominal organ diseases com-
pared to the inexperienced group (P < 0.05). Moreover, the
experienced group had a low misdiagnosis rate for all dis-
eases (P < 0.05), except bone disease (P=0.161).

4.4. Comparison of SR Accuracy Between the Experienced and
Inexperienced Groups

The reporting accuracy (i.e., sensitivity, specificity, mis-
diagnosis rate, and total misdiagnosis rate) of radiologists
using SRs was evaluated in this study. As shown in Table
5, the three radiologists in the same group showed no sig-
nificant differences regarding sensitivity, specificity, and
misdiagnosis rate for all diseases (P > 0.05 for all). Com-
pared to the inexperienced group, the experienced radiol-
ogists had a lower misdiagnosis rate only for the intesti-
nal wall disease (P < 0.05) and higher sensitivity for the
intestinal wall disease (P < 0.05) and intestinal peripheral
artery disease (P = 0.024). There was no significant differ-
ence between the inexperienced and experienced groups
regarding the reporting accuracy for blood vessel, bone,
and other abdominal organ diseases.

4.5. Sensitivity Comparison of FIRs and SRs

The sensitivity of FTRs and SRs was compared in this
study (Table 6). In the inexperienced group, the sensitiv-
ity of radiologists for intestinal peripheral artery, blood
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vessel, bone, and other abdominal organ diseases signifi-
cantly improved after using SRs (P < 0.05). In contrast, no
significant difference was found in the radiologists’ sensi-
tivity for detecting intestinal wall disease using FTRs and
SRs (P> 0.05). Also, there was no significant difference in
their sensitivity for identifying intestinal wall disease, in-
testinal peripheral artery, blood vessel, bone, and other ab-
dominal organ diseases between the FTRs and SRs. Notably,
the positive accuracy for bone lesions improved in the ex-
perienced group using SRs (P < 0.05) (Table 6).

4.6. Satisfaction with the Reporting Method

The satisfaction scores of the experienced group (3.2
points) were significantly higher than those of inexperi-
enced radiologists (2.6 points) when using FIRs (z =-2.767,
P=0.034). The satisfaction scores of SRs in the experienced
(4.1 points) and inexperienced (4.0 points) groups were su-
perior to those of FIRs (z =-3.789, P < 0.001 and z = -4.116,
P < 0.001, respectively), although no significant difference
was observed between the two groups regarding the satis-
faction scores when using SRs (z =-0.624, P = 0.533) (Table
7).

5. Discussion

Accurate radiological assessment and diagnosis of
SBDs using MSCT enterography is of great importance. It is
essential to use standardized templates to determine the
correct treatment approach and improve the clinical out-
comes of patients. It has been shown that CT diagnosis re-
porting for SBDs are mainly FTRs, causing significant dif-
ferences in report quality within aregion and even in a sin-
gle department (20, 21). As recommended by the Interso-
ciety Conference, SRs have been shown to improve the in-
trinsic report quality by reducing variability and certain er-
ror types in radiological reports. Moreover, they have been
shown to have higher clinical practicability than FTRs (11,
22).

In the present study, we developed an SR template of
small bowel imaging based on the MSCT technique, which
was divided into three categories according to the disease
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Table 3. Comparison of Writing Time Between FTR and SR

Variables FIR SR T P-value
Inexperienced group 14.0 3.1 m1+17 6.152 < 0.001
Experienced group 1.7 +24 9.8+11 5.411 < 0.001
Abbreviations: FTR, free-text reports; SR, structured reports.
Table 4. The Accuracy Comparison of Free-Text Reports (FTRs) by Radiologists b
Inexperienced group (group A) Experienced group (group B) GroupAvs.
group B
Diseases
A1 A2 A3 P-value B1 B2 B3 P-value P-value
Intestinal wall
Sensitivity 3742 35/42 35[42 0.78 41/42 42[42 42/42 | < 0.001
Specificity 16/18 16/18 15/18 0.853 1818 1818 17/18 | 0.66
Misdiagnosis rate 7160 9/60 10/60 0.73 1/60 1/60 1/60 | < 0.001
Intestinal periphery
Sensitivity 32[39 2739 25[39 0193 37/39 3839 39039 | < 0.001
Specificity 21/21 20[21 21/21 | 21/21 21/21 21j21 i |
Misdiagnosis rate 7/60 13/60 12/60 0308 2/60 2[60 o[60 | < 0.001
Blood vessels
Sensitivity 513 7h3 513 | 113 nf13 1313 i < 0.001
Specificity 47(47 47/47 47/47 | 47(47 47/47 47/47 i 0.001
Misdiagnosis rate 8/60 6/60 8/60 | 2/60 2/60 0[60 | 0.01
Other organs
Sensitivity 10/15 815 1215 | 14[15 1315 1315 | o.01
Specificity 4545 4545 45(45 | 4545 4545 4545 i 0.021
Misdiagnosis rate 5/60 7/60 3/60 | 1/60 2/60 2/60 | 0.021
Bone
Sensitivity 0/6 0[6 1/6 | 3/60 2/60 3/60 | 0.021
Specificity 5454 5454 5454 | 5454 5454 5454 i |
Misdiagnosis rate 6/60 6/60 5/60 | 3/60 4/60 3/60 | 0.161
Total misdiagnosis rate 31115 (115 7/115 | 115 115 6115 i < 0.001

2 J: Statistical analysis is not performed.

b The data of groups are the same or very close, and the P-value is one or close to one under this condition, indicating no significant difference

type: (1) small intestinal neoplastic lesions; (2) inflamma-
tory bowel disease; and (3) vascular disease. The report
template contained complete information and key clinical
diagnostic points for clinical needs. The effect of SRs on
report quality was investigated, and the SRs and FTRs by
radiologists with different levels of seniority in radiology
were evaluated. It was found that SRs were superior to FTRs
and could improve the reporting quality of physicians, es-
pecially inexperienced radiologists.

Some professional radiological institutions have at-
tempted to introduce standardized SR templates (11). The
SRs are gradually becoming accepted by radiologists and
clinicians because of their high content integrity, clear or-
ganization, high report quality (19), and few spelling and
grammatical errors (22). The misdiagnosis rate of imaging
signs in SRs has been shown to be significantly lower than
that of FTRs, whereas their diagnosis accuracy was higher
(23). Meanwhile, several studies have indicated that SRs

do not have obvious advantages over FIRs in terms of effi-
ciency or quality of radiological reports (18). Although SRs
have been gradually applied for CT scans of many organs
(24, 25), their efficiency in the diagnosis of SBDs remains
unclear.

In the current study, the diagnostic accuracy of FTRand
SR methods for the key report elements was examined. It
was found that the accuracy of these methods for intesti-
nal peripheral artery, blood vessel, bone, and other abdom-
inal organ diseases improved in the inexperienced group
using the SR method. Similarly, the radiologists’ accuracy
in detecting all the mentioned diseases increased numer-
ically in the experienced group; particularly, comparison
of diagnostic accuracy for bone diseases showed a signifi-
cant difference between the FTR and SR methods (Table 6).
These findings are inconsistent with the results of a study
by Johnson et al., suggesting that SRs did not have an ad-
vantage in terms of accuracy over FTRs (18). This may be re-
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Table 5. The Accuracy Comparison of Structured Reports (SRs) by Radiologists ** b

Inexperienced group (group A) Experienced group (group B) Group A vs.
groupB
Diseases
A1 A2 A3 P-value B1 B2 B3 P-value P-value
Intestinal wall
Sensitivity 41/49 42/49 44[49 0.667 41/42 42[42 42[42 | < 0.001
Specificity 9n 7m 9 | i i 11 | |
Misdiagnosis rate 10/60 11/60 7/60 0.577 2[60 3/60 2[60 0.867 < 0.001
Intestinal periphery
Sensitivity 38/41 39/41 37/41 | 4141 4141 40[41 | 0.024
Specificity 1919 1919 19/19 i 1919 1919 1919 i i
Misdiagnosis rate 3/60 2[60 4/60 | 0[60 1/60 1/60 | |
Blood vessel
Sensitivity 8/8 88 7/ | 8/8 8/8 8[8 | !
Specificity 52[52 52[52 52[52 | 52[52 52[52 52[52 | |
Misdiagnosis rate 0/60 0/60 1/60 | 0[60 0/60 0/60 | |
Other organs
Sensitivity 17/18 1718 16/18 | 18[18 1818 1818 | |
Specificity 42/42 42/42 42/42 / 42/42 42/42 42/42 | |
Misdiagnosis rate 1/60 1/60 3/60 | 0[60 0/60 0/60 | |
Bone
Sensitivity 7/9 9/9 9/9 | 9l9 9/9 9/9 i /
Specificity 51/51 5051 51/51 | 51/51 51/51 51/51 | |
Misdiagnosis rate 2[60 1/60 0/60 | o[60 0/60 0/60 | |
Total misdiagnosis rate 14/125 10/125 12125 | 125 /125 /125 | < 0.001

2 J: Statistical analysis is not performed.

b The data of the groups are the same or very close, and the P-value is one or close to one under this condition, indicating no significant difference.

lated to the fact that both reporting methods focused on
cerebrovascular and cerebral parenchyma, and factors af-
fecting the report accuracy might have been related to the
physicians’ diagnostic experience (18).

In this regard, Nguyen et al. suggested that SRs of in-
terventional radiology could improve compliance with ra-
diation dose and contrast reporting, improve satisfaction,
and decrease the writing time (26). Moreover, Persigehl
et al. showed that SR templates contributed to optimiza-
tion of radiological reporting, including completeness, re-
peatability, and differential diagnosis of solid and cystic
pancreatic tumors in CT scans and magnetic resonance
imaging (MRI) (27). In the clinical examinations of MSCT
enterography in the present study, we often focused on le-
sions in the intestinal wall and ignored extraintestinal dis-
eases, leading to misdiagnoses. The present study showed
no significant difference in the accuracy of the two report-
ing methods for the intestinal wall disease, which is consis-
tent with the results reported by Johnson and colleagues.
Besides, our findings revealed that SRs reduced the misdi-
agnosis rate and total missed diagnosis rate of blood ves-
sel, bone, and other abdominal organ diseases, especially
for low-seniority radiologists, which is consistent with the
results of a study by Lin et al. (23). Therefore, application of
MSCT SRs to SBDs can help improve the positive accuracy of
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detecting extraintestinal diseases and reduce the misdiag-
nosis and total missed diagnosis rates.

For the adoption of SR in clinical practice, several is-
sues need to be considered. First, SRs are more suitable for
diseases with clear indications, and definite diagnostic cri-
teria, such as breast and prostate cancers. Overall, there are
many diseases of the small intestine with varying imaging
characteristics. Therefore, it is necessary to construct SRs
of various modes, including tumors, inflammation, and
vascular disease. Before the application of SRs, it is impor-
tant to determine which SRs are suitable for these condi-
tions.

Second, today, there is no SR method for small intesti-
nal CT imaging. Therefore, in the design of report content,
it is necessary to collect the opinions of all related person-
nel as much as possible, including radiologists and clini-
cians, and integrate their diagnostic opinions and experi-
ence, as well as terminologies previously reported. The ba-
sic elements and clinical requirements of a report should
be formulated via discussions. Subsequently, the report
template should be improved according to the feedback of
different physicians, which is a long and difficult process.
Third, in clinical practice, the developed SR template can-
not be used for all intestinal diseases, and some parts of it
need to be combined with FTRs.
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Table 6. The Sensitivity Comparison Between Free-Text Reports (FTRs) and Structured Reports (SRs) *’ b

Inexperienced group Experienced group
Diseases
A1 A2 A3 B1 B2 B3
Intestinal wall
FIR 37/42 35/42 35/42 41/42 42[42 42[42
SR 41/49 42[49 44/49 47/49 46/49 47/49
P-value 0.548 0.754 0364 | 0.723 0.497
Intestinal periphery
FIR 32139 2739 25[39 37/39 38/39 39/39
SR 38/41 39/41 37/41 4141 41/41 40[41
P-value 0.272 0.006 0.011 0.234 | |
Blood vessel
FIR 5/13 7113 5/13 1/13 1/13 13/13
SR 8/8 88 78 88 88 8/8
P-value 0.007 0.046 0.027 0.505 0.505 |
Other organs
FIR 10/15 815 1215 14[15 Bf15 1315
SR 1718 1718 16/18 1818 18/18 18/18
P-value 0.039 0.019 0.852 | 0.199 0.199
Bone
FTR 0/6 0/6 1/6 3/60 2/60 3/60
SR 7/9 9/9 9/9 9/9 9/9 9/9
P-value 0.007 < 0.001 0.002 0.044 0.01 0.044
Abbreviations: FTR, free-text reports; SR, structured reports.
? | Statistical analysis is not performed.
® The data of the groups are the same or very close, and the P-value is one or close to one under this condition, indicating no significant difference.
Table 7. Comparison of Satisfaction Scores
Variables FIR SR Z-value P-value
Inexperienced group 2.6 4 -4.116 < 0.001
Experienced group 3.2 4.1 -3.789 < 0.001
Z-value -2.767 -0.624
P-value 0.034 0.533

Abbreviations: FIR, free-text reports; SR, structured reports.

There were several limitations to this study. First, the
number of SBD cases and the number of radiologists par-
ticipating in this study were insufficient, leading to statis-
tical bias in the results. Besides, there may be some bias in
the selection of physicians and patients. We made efforts
to reduce such bias. For example, the physicians included
in this study were selected based on the similar number
of working years and passing the training program. Also,
for case selection, the disease types for the two methods
(FTRs and SRs) were basically similar. Also, we included

patients who had no surgical indications (e.g., mesenteric
vascular disease, non-strangulated intestinal obstruction,
and inflammatory bowel disease), and surgical pathol-
ogy as the gold standard was not performed for these pa-
tients, although previous studies have demonstrated that
clinical data, biochemical indicators, and imaging data
can be used as diagnostic standards (28-31); to ensure a
more reliable accuracy evaluation, these patients should
be excluded. Second, pretreatment preparation, scanning
techniques, and individual differences between patients

Iran ] Radiol. 2022;19(3):e120373.
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could partially influence the manifestations of SBDs, and
perfect intestinal filling and excellent image quality were
not guaranteed for all patients in this study. Finally, this
was a retrospective single-center study; therefore, further
prospective multicenter studies are warranted.

In conclusion, the use of SRs in MSCT enterography by
radiologists could improve the writing efficiency and re-
porting satisfaction compared to FTRs and increase the di-
agnosticaccuracy of SBDs. Besides, the SR method could re-
duce the misdiagnosis rate of extraintestinal diseases and
the overall misdiagnosis, especially for inexperienced radi-
ologists. Overall, SRs may help increase the homogeneity
of radiology diagnosis reports.

Supplementary Material

Supplementary material(s) is available here [To read
supplementary materials, please refer to the journal web-
site and open PDF/HTML].

Footnotes

Authors’ Contribution: Study concept and design, J.Y,,
Z.X.].C.,and H.Z.; Acquisition of data, ].Z.,S.G.,R.C.,and | X,;
analysis and interpretation of data, J.Z., S.G., R.C,, and ].X,;
Drafting of the manuscript, J.C. and H.Z.; Critical revision
of the manuscript for important intellectual content, J.Y.
and Z.X.; and statistical analysis, ].Z., S.G., R.C.,, and ].X.
Conflict of Interests: The authors declare that they have
no conflicts of interest.

Data Reproducibility: All data generated or analyzed in
this study are included in this article.

Ethical Approval: This study was approved by the Animal
Ethics Committee of the Second Affiliated Hospital of Nan-
tong University (approval No: 2015KS0125).

Funding/Support: This study was supported by the Social
Development Fund Project of Nantong (No. MS20219013
and HS2019002), the Fifth Round of “Programme 333” of
Jiangsu (No. BRA2020198), the Young Medical Talents Fund
of Health Commission of Nantong (No. QA2019008), and
the Scientific Research and Development Fund of Nan-
jing Medical University Kangda College Key Projects (No.
KD2021KYFZZD008). The funding of this study had no role
in the study design, data collection, data analysis, data in-
terpretation, or writing of the report.

Informed Consent: This was a retrospective study, and
the requirement to obtain informed consent was waived.

References

1. Kucharzik T, Ellul P, Greuter T, Rahier JF, Verstockt B, Abreu C, et
al. ECCO Guidelines on the Prevention, Diagnosis, and Manage-

Iran ] Radiol. 2022;19(3):e120373.

10.

11

12.

13.

15.

. Peiris D, Wills M. Imaging of the small bowel:

ment of Infections in Inflammatory Bowel Disease. ] Crohns Colitis.
2021;15(6):879-913. doi: 10.1093/ecco-jcc/jjab052. [PubMed: 33730753].

. Rogler G, Singh A, Kavanaugh A, Rubin DT. Extraintestinal Manifes-

tations of Inflammatory Bowel Disease: Current Concepts, Treat-
ment, and Implications for Disease Management. Gastroenterol-
0gy. 2021;161(4):1118-32. doi: 10.1053[j.gastro.2021.07.042. [PubMed:
34358489]. [PubMed Central: PMC8564770].

. Bollegala N, Griller N, Bannerman H, Habal M, Nguyen GC. Ultra-

sound vs Endoscopy, Surgery, or Pathology for the Diagnosis of Small
Bowel Crohn’s Disease and its Complications. Inflamm Bowel Dis.
2019;25(8):1313-38. doi: 10.1093/ibd/izy392. [PubMed: 30883639].

a review of
current practice. Br | Hosp Med (Lond). 2020;81(9):1-10. doi:
10.12968/hmed.2020.0242. [PubMed: 32990071].

. Hamet B, Durot C, Djelouah M, Adlani I, Marchal A, Arrive

L, et al. Involvement of small bowel in systemic disease: CT
and MR imaging finding. Clin Imaging. 2020;67:74-85. doi:
10.1016/j.clinimag.2020.05.031. [PubMed: 32526662].

. Olson MC, Navin PJ, Welle CL, Goenka AH. Small bowel

radiology. Curr Opin  Gastroenterol. 2021;37(3):267-74.  doi:
10.1097/M0OG.0000000000000719. [PubMed: 33591028].

. Kammerer S, Schuelke C, Berkemeyer S, Velasco A, Heindel W, Koehler

M, et al. The role of multislice computed tomography (MSCT) an-
giography in the diagnosis and therapy of non-occlusive mesen-
teric ischemia (NOMI): Could MSCT replace DSA in diagnosis? PLoS
One.2018;13(3). €0193698. doi: 10.1371/journal.pone.0193698. [PubMed:
29494649]. [PubMed Central: PMC5832260].

. JunL, ChangYiS. Diagnostic Value of Plain and Contrast Radiography,

and Multi-slice Computed Tomography in Diagnosing Intestinal Ob-
struction in Different Locations. Indian ] Surg. 2015;77(Suppl 3):1248-51.
doi: 10.1007/s12262-015-1269-9. [PubMed: 27011546]. [PubMed Central:
PMC4775675).

. Wang H, Cao F, Yang |, Wu Y, Wang L. The Clinical Value of Mul-

tislice Spiral Computed Tomography in the Diagnosis of Up-
per Digestive Tract Diseases. | Healthc Eng. 2021;2021:6673712.
doi: 10.1155/2021/6673712. [PubMed: 33815731]. [PubMed Central:
PMC7990549].

Hempel M, Pinto dos Santos D, Kloeckner R, Dueber C, Milden-
berger P. [Reporting initiatives. An update on treatment in radiol-
ogy|. Radiologe. 2014;54(7):696-9. German. doi: 10.1007/s00117-014-
2681-z. [PubMed: 24989877].

Ganeshan D, Duong PT, Probyn L, Lenchik L, McArthur TA, Retrouvey
M, etal. Structured Reporting in Radiology. Acad Radiol. 2018;25(1):66-
73.doi: 10.1016(j.acra.2017.08.005. [PubMed: 29030284].

Dimarco M, Cannella R, Pellegrino S, Iadicola D, Tutino R, Allegra F,
et al. Impact of structured report on the quality of preoperative CT
staging of pancreatic ductal adenocarcinoma: assessment of intra-
and inter-reader variability. Abdom Radiol (NY). 2020;45(2):437-48.
doi: 10.1007/s00261-019-02287-7. [PubMed: 31686180].

Spiro JE, Ceelen F, Kneidinger N, Sommer WH, Schinner R, Dinkel
], et al. Structured Reporting of Computed Tomography Examina-
tions in Post-Lung Transplantation Patients. ] Comput Assist Tomogr.
2021;45(6):959-63. doi: 10.1097/RCT.0000000000001209. [PubMed:
34347712].

. He B, Gong S, Hu C, Fan |, Qian ], Huang S, et al. Obscure gastroin-

testinal bleeding: diagnostic performance of 64-section multiphase
CT enterography and CT angiography compared with capsule en-
doscopy. BrJRadiol. 2014;87(1043):20140229. doi: 10.1259/bjr.20140229.
[PubMed: 25248830]. [PubMed Central: PMC4207170].

He B, Gu ], Huang S, Gao X, Fan |, Sheng M, et al. Diagnostic perfor-
mance of multi-slice CT angiography combined with enterography
for small bowel obstruction and intestinal ischaemia. | Med Imag-
ing Radiat Oncol. 2017;61(1):40-7. doi: 10.1111/1754-9485.12514. [PubMed:
27709810].


https://iranjradiol.brieflands.com/cdn/dl/47319088-1d3a-11ed-a9c4-b3098a1c2e8a
http://dx.doi.org/10.1093/ecco-jcc/jjab052
http://www.ncbi.nlm.nih.gov/pubmed/33730753
http://dx.doi.org/10.1053/j.gastro.2021.07.042
http://www.ncbi.nlm.nih.gov/pubmed/34358489
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8564770
http://dx.doi.org/10.1093/ibd/izy392
http://www.ncbi.nlm.nih.gov/pubmed/30883639
http://dx.doi.org/10.12968/hmed.2020.0242
http://www.ncbi.nlm.nih.gov/pubmed/32990071
http://dx.doi.org/10.1016/j.clinimag.2020.05.031
http://www.ncbi.nlm.nih.gov/pubmed/32526662
http://dx.doi.org/10.1097/MOG.0000000000000719
http://www.ncbi.nlm.nih.gov/pubmed/33591028
http://dx.doi.org/10.1371/journal.pone.0193698
http://www.ncbi.nlm.nih.gov/pubmed/29494649
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5832260
http://dx.doi.org/10.1007/s12262-015-1269-9
http://www.ncbi.nlm.nih.gov/pubmed/27011546
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4775675
http://dx.doi.org/10.1155/2021/6673712
http://www.ncbi.nlm.nih.gov/pubmed/33815731
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7990549
http://dx.doi.org/10.1007/s00117-014-2681-z
http://dx.doi.org/10.1007/s00117-014-2681-z
http://www.ncbi.nlm.nih.gov/pubmed/24989877
http://dx.doi.org/10.1016/j.acra.2017.08.005
http://www.ncbi.nlm.nih.gov/pubmed/29030284
http://dx.doi.org/10.1007/s00261-019-02287-7
http://www.ncbi.nlm.nih.gov/pubmed/31686180
http://dx.doi.org/10.1097/RCT.0000000000001209
http://www.ncbi.nlm.nih.gov/pubmed/34347712
http://dx.doi.org/10.1259/bjr.20140229
http://www.ncbi.nlm.nih.gov/pubmed/25248830
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4207170
http://dx.doi.org/10.1111/1754-9485.12514
http://www.ncbi.nlm.nih.gov/pubmed/27709810

ChenJetal.

16.

17.

18.

19.

20.

21

22.

23.

10

Miu F. Small intestine imaging. Shanghai, China: Shanghai Science and
Technology Press; 2013.

Schwartz LH, Panicek DM, Berk AR, Li Y, Hricak H. Improving commu-
nication of diagnostic radiology findings through structured report-
ing. Radiology.2011;260(1):174-81. doi: 10.1148radiol.11101913. [PubMed:
21518775). [PubMed Central: PMC3121011].

Johnson AJ, Chen MY, Zapadka ME, Lyders EM, Littenberg B. Radi-
ology report clarity: a cohort study of structured reporting com-
pared with conventional dictation. ] Am Coll Radiol. 2010;7(7):501-6.
doi: 10.1016/j.jacr.2010.02.008. [PubMed: 20630384].

Marcovici PA, Taylor GA. Journal Club: Structured radiology reports
are more complete and more effective than unstructured reports.
AJR Am | Roentgenol. 2014;203(6):1265-71. doi: 10.2214|AJR.14.12636.
[PubMed: 25415704].

Ederveen JC, Nienhuijs SW, Jol S, Robben SGF, Nederend J. Struc-
tured CT reporting improves accuracy in diagnosing internal
herniation after laparoscopic Roux-en-Y gastric bypass. Eur Radiol.
2020;30(6):3448-54. doi: 10.1007/s00330-020-06688-x. [PubMed:
32078011]. [PubMed Central: PMC7248015].

Awaysheh A, Wilcke ], Elvinger F, Rees L, Fan W, Zimmerman K.
Identifying free-text features to improve automated classification
of structured histopathology reports for feline small intestinal dis-
ease. | Vet Diagn Invest. 2018;30(2):211-7. doi: 10.1177/1040638717744002.
[PubMed: 29188759]. [PubMed Central: PMC6505871].

Hawkins CM, Hall S, Zhang B, Towbin AJ. Creation and implementa-
tion of department-wide structured reports: an analysis of the im-
pact on error rate in radiology reports. ] Digit Imaging. 2014;27(5):581-
7. doi: 10.1007/s10278-014-9699-7. [PubMed: 24859725]. [PubMed Cen-
tral: PMC4171430].

Lin E, Powell DK, Kagetsu NJ. Efficacy of a checklist-style struc-
tured radiology reporting template in reducing resident misses
on cervical spine computed tomography examinations. | Digit
Imaging. 2014;27(5):588-93. doi: 10.1007/s10278-014-9703-2. [PubMed:
24865860]. [PubMed Central: PMC4171436].

Flusberg M, Ganeles ], Ekinci T, Goldberg-Stein S, Paroder V, Kobi M,

25.

26.

27.

28.

29.

30.

3L

etal. Impact of a Structured Report Template on the Quality of CT and
MRI Reports for Hepatocellular Carcinoma Diagnosis. ] Am Coll Radiol.
2017;14(9):1206-11. doi: 10.1016/j.jacr.2017.02.050. [PubMed: 28483546
Sverzellati N, Odone A, Silva M, Polverosi R, Florio C, Cardinale L, et
al. Structured reporting for fibrosing lung disease: a model shared
by radiologist and pulmonologist. Radiol Med. 2018;123(4):245-53.
doi: 10.1007/s11547-017-0835-6. [PubMed: 29230680]. [PubMed Central:
PMC5849634].

Nguyen Q, Sarwar A, Luo M, Berkowitz S, Ahmed M, Brook OR. Struc-
tured Reporting of IR Procedures: Effect on Report Compliance, Ac-
curacy, and Satisfaction. J Vasc Interv Radiol. 2018;29(3):345-52. doi:
10.1016/j.jvir.2017.10.016. [PubMed: 29373245].

Persigehl T, Baumhauer M, Baessler B, Beyer LP, Bludau M, Bruns C,
et al. Structured Reporting of Solid and Cystic Pancreatic Lesions in
CT and MRI: Consensus-Based Structured Report Templates of the
German Society of Radiology (DRG). Rofo. 2020;192(7):641-56. doi:
10.1055/a-1150-8217. [PubMed: 32615626].

Kim |, Lee Y, Yoon JH, Lee HJ, Lim Y], Yi ], et al. Non-strangulated
adhesive small bowel obstruction: CT findings predicting out-
come of conservative treatment. Eur Radiol. 2021;31(3):1597-607. doi:
10.1007/s00330-020-07406-3. [PubMed: 33128599].

WangY,Zhao R, Xia L, Cui YP, Zhou Y, Wu XT. Predictive Risk Factors of
Intestinal Necrosis in Patients with Mesenteric Venous Thrombosis:
Retrospective Study from a Single Center. Can J Gastroenterol Hepatol.
2019;2019:8906803. doi: 10.1155/2019/8906803. [PubMed: 31205904].
[PubMed Central: PMC6530214].

Oliva IB, Davarpanah AH, Rybicki F], Desjardins B, Flamm SD, Fran-
cois CJ, et al. ACR Appropriateness Criteria (R) imaging of mesenteric
ischemia. Abdom Imaging. 2013;38(4):714-9. doi: 10.1007/s00261-012-

9975-2. [PubMed: 23296712].
Xiao ], Li QD. Multi-slice spiral CT evaluation of chronic radia-

tion colitis and rectitis. Exp Ther Med. 2020;20(4):3033-40. doi:
10.3892/etm.2020.9069. [PubMed: 32855670]. [PubMed Central:
PMC7444353].

Iran ] Radiol. 2022;19(3):e120373.


http://dx.doi.org/10.1148/radiol.11101913
http://www.ncbi.nlm.nih.gov/pubmed/21518775
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3121011
http://dx.doi.org/10.1016/j.jacr.2010.02.008
http://www.ncbi.nlm.nih.gov/pubmed/20630384
http://dx.doi.org/10.2214/AJR.14.12636
http://www.ncbi.nlm.nih.gov/pubmed/25415704
http://dx.doi.org/10.1007/s00330-020-06688-x
http://www.ncbi.nlm.nih.gov/pubmed/32078011
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7248015
http://dx.doi.org/10.1177/1040638717744002
http://www.ncbi.nlm.nih.gov/pubmed/29188759
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6505871
http://dx.doi.org/10.1007/s10278-014-9699-7
http://www.ncbi.nlm.nih.gov/pubmed/24859725
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4171430
http://dx.doi.org/10.1007/s10278-014-9703-2
http://www.ncbi.nlm.nih.gov/pubmed/24865860
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4171436
http://dx.doi.org/10.1016/j.jacr.2017.02.050
http://www.ncbi.nlm.nih.gov/pubmed/28483546
http://dx.doi.org/10.1007/s11547-017-0835-6
http://www.ncbi.nlm.nih.gov/pubmed/29230680
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5849634
http://dx.doi.org/10.1016/j.jvir.2017.10.016
http://www.ncbi.nlm.nih.gov/pubmed/29373245
http://dx.doi.org/10.1055/a-1150-8217
http://www.ncbi.nlm.nih.gov/pubmed/32615626
http://dx.doi.org/10.1007/s00330-020-07406-3
http://www.ncbi.nlm.nih.gov/pubmed/33128599
http://dx.doi.org/10.1155/2019/8906803
http://www.ncbi.nlm.nih.gov/pubmed/31205904
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6530214
http://dx.doi.org/10.1007/s00261-012-9975-2
http://dx.doi.org/10.1007/s00261-012-9975-2
http://www.ncbi.nlm.nih.gov/pubmed/23296712
http://dx.doi.org/10.3892/etm.2020.9069
http://www.ncbi.nlm.nih.gov/pubmed/32855670
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7444353

	Abstract
	1. Background
	2. Objectives
	3. Patients and Methods
	3.1. Patients
	3.2. Development of an SR Template for Small Bowel Imaging
	3.3. Preparation Before Inspection
	3.4. MSCT Enterography Procedures and Post-processing of Images
	3.5. Evaluation of SR Accuracy and Satisfaction in MSCT Enterography
	Table 1
	Table 2

	3.6. Statistical Analysis

	4. Results
	4.1. Patients[Please insert \PrerenderUnicode{â��} into preamble] Characteristics
	4.2. Report Time
	Table 3

	4.3. Comparison of FTR Accuracy Between Experienced and Inexperienced Groups
	Table 4

	4.4. Comparison of SR Accuracy Between the Experienced and Inexperienced Groups
	Table 5

	4.5. Sensitivity Comparison of FTRs and SRs
	Table 6

	4.6. Satisfaction with the Reporting Method
	Table 7


	5. Discussion
	Supplementary Material
	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Data Reproducibility: 
	Ethical Approval: 
	Funding/Support: 
	Informed Consent: 

	References

