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Purpose: To identify initial abdominal computed tomography (CT) and laboratory findings prior to a diagnosis of Crohn’s disease
(CD) in children.

Materials and Methods: In this retrospective study, patients (<18 year-old) who were diagnosed with CD from 2004 to 2019 and
had abdominal CT just prior to being diagnosed with CD were included in the CD group. Patients (<18 years old) who were diag-
nosed with infectious enterocolitis from 2018 to 2019 and had undergone CT prior to being diagnosed with enterocolitis were in-
cluded as a control group. We assessed the diagnostic performances of initial CT and laboratory findings for the diagnosis of CD
using logistic regression and the area under the curve (AUC).

Results: In total, 107 patients (50 CD patients, 57 control patients) were included, without an age difference between groups (me-
dian 13 years old vs. 11 years old, p=0.119). On univariate logistic regression analysis, multisegmental bowel involvement, mesen-
teric vessel engorgement, higher portal vein/aorta diameter ratio, longer liver longitudinal diameter, lower hemoglobin (<12.5 g/
dL), lower albumin (<4 g/dL), and higher platelet (>320x10%/uL) levels were significant factors for CD. On multivariate analysis,
multisegmental bowel involvement [odds ratio (OR) 111.6, 95% confidence interval (CI) 4.778-2605.925] and lower albumin levels
(OR 0.9, 95% CI 0.891-0.993) were significant factors. When these two features were combined, the AUC value was 0.985 with a
sensitivity of 96% and specificity of 100% for differentiating CD.

Conclusion: Multisegmental bowel involvement on CT and decreased albumin levels can help differentiate CD from infectious
enterocolitis in children prior to a definite diagnosis of CD.
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INTRODUCTION

Crohn'’s disease (CD) is a chronic granulomatous inflamma-
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tory disease of the gastrointestinal (GI) tract and is more prev-
alent in children between 15 and 25 years old than adults.! The
incidence of CD in the United States is 4.56 per 100000 persons,
with approximately 15%-25% of those patients first being af-
fected by CD during childhood.? Recently, more and more pe-
diatric patients have been diagnosed with CD.** CD shows a
chronic and long-term clinical course that is characterized by
periods of remission or relapse.® If diagnosis is delayed, vari-
ous complications, such as stricture, fistula, abscess, or perfo-
ration, can occur.® Therefore, early and accurate diagnosis of CD
in childhood is crucial to preventing and reducing the repercus-
sions of disease progression.

CD is initially limited to the mucosa with neutrophilic cryptitis
and shallow aphthous ulcers; however, as it progresses, trans-
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mural and extramural involvement occurs as superficial ul-
cerations extend into the deep bowel wall with fistula or sinus
tracts. Skipped lesions are other specific findings of CD.""?
Known imaging features of CD on computed tomography (CT)
and magnetic resonance imaging (MRI) include abnormal
bowel wall thickening with hyperenhancement and mural strat-
ification. Increased mesenteric vascularity (the comb sign),
pericolic/perienteric fat strandings, and fibrofatty prolifera-
tion are also commonly observed.”"!

For definite diagnosis of CD, clinical assessments are made
with endoscopy and radiologic examinations. The radiologic
examination includes small bowel follow-through, ultrasonog-
raphy (US), CT enterography, and MR enterography. Among
these methods, CT and MR enterography are favored because
they can be used to assess disease extent with intra- or extralu-
minal manifestations.'® However, CT enterography is more
limited than MR enterography, especially in children, because
of ionizing radiation, poor soft-tissue contrast, and lack of re-
al-time cinematic imaging. MR enterography is regarded as
the first-line modality for diagnosing and following pediatric
CD."'? However, MR enterography cannot be readily or fre-
quently suggested to children with nonspecific abdominal
symptoms, because it requires young children to endure a large
amount of oral contrast, long examination times, sedation, and
higher costs. Therefore, in the emergency room or outpatient
clinics, the first imaging study for patients with nonspecific ab-
dominal symptoms who have not yet been diagnosed with CD
is still conventional CT.

Differentiating infectious enterocolitis and CD on imaging be-
fore a confirmative diagnosis of CD is difficult. Even though CT
is not standard work-up for children with suspected CD, many
children with GI symptoms undergo CT scans unexpectedly,
before the suspicion of CD. For pediatric radiologists, it is still
challenging to identify which children need further work-up
to screen for CD from conventional abdominal CT. In a previ-
ous study, attempts were made to utilize clinical symptoms to
differentiate enterocolitis and CD prior to a diagnosis of CD."
However, there have been no reports on conventional CT fea-
tures that can differentiate the two conditions. If such conven-
tional CT features are found, they can be used to screen pediat-
ric patients so that those who need further examinations, such
as endoscopy or MR enterography, can undergo them without
delay.

Therefore, the purpose of this study was to identify initial ab-
dominal CT and laboratory findings that can indicate CD and
differentiate CD from infectious enterocolitis prior to the diag-
nosis of pediatric CD.

MATERIALS AND METHODS

Subjects
The Institutional Review Board (IRB) of our institution approved
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this retrospective study, and the requirement for informed
consent was waived (IRB No. 4-2020-0579). Pediatric patients
(<18 years old) who were diagnosed with CD from 2004 to 2019
and had undergone abdominal CT just prior to the diagnosis of
CD were included in the CD group. Patients who had already
been diagnosed or treated for CD before the CT scan were not
included in this study. Patients (<18 years old) who were diag-
nosed with infectious enterocolitis from 2018 to 2019 and had
undergone CT prior to diagnosis were included in the control
group. Pediatric gastroenterologists diagnosed CD based on
clinical symptoms, laboratory, colonoscopy results, CT find-
ings, and pathologic results. Pediatric gastroenterologists di-
agnosed infectious enterocolitis based on clinical symptoms,
laboratory tests, CT findings, and clinical manifestations dur-
ing follow-up. We excluded patients who did not have laboratory
test results within 30 days of the CT examination, who under-
went CT scans with oral contrast or without intravenous con-
trast enhancement, or who had a history of other GI tract dis-
eases, including ulcerative colitis, Behcet’s disease, or any
surgical history concerning the GI tract.

Age, sex, height (cm), weight (kg), and body mass index (BMI,
kg/m?) with z-scores at the time of the CT examination were
collected from electronic medical records. Clinical symptoms
were reviewed if recorded in the medical records. Laboratory
results within 30 days of the CT examination were evaluated.
Data for white blood cell count (WBC, x10°/uL), hemoglobin (g/
dL), hematocrit (%), platelet (x10°/uL), neutrophil (%), erythro-
cyte sedimentation rate (ESR, mm/hr), C-reactive protein
(CRP, mg/L), and albumin (g/dL) levels were collected. When
laboratory tests were repeated within 1 month, the initial lab-
oratory results that presented with abdominal symptoms
were recorded.

CT image analysis

Conventional abdominal CT scans were performed using one
of two scanners (Sensation 64, Somatom Definition Flash;
Siemens Medical Solutions, Forchheim, Germany, or Revolu-
tion EVO; GE Healthcare, Milwaukee, WI, USA). An intravenous
contrast agent was administered and hepatic venous phase im-
ages were evaluated. One pediatric radiologist with 11 years of
experience who was blinded to patient information evaluated
the CT images using the picture archiving and communication
system at our institution (Centricity; GE Healthcare).

For the qualitative analysis of CT features, multisegmental
bowel involvement was recorded when the bowel wall was ab-
normally thickened with hyperenhancement alternatively along
delineable bowel loops on CT (Fig. 1). Mesenteric vessel en-
gorgement was recorded when engorged vessels demonstrated
the comb sign. Inflamed bowel involvement at the appendix
was assessed, if present. Lymph node enlargement was record-
ed when any mesenteric lymph node was larger than 1 cm in
its short diameter. We also assessed the images for the pres-
ence of perianal soft tissue asymmetry and perianal abscess.
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Fig. 1. Conventional abdominal CT images of patients with CD and infectious enterocolitis. (A) A 13-year-old boy was diagnosed with CD after this CT. Note
multisegmental inflammation of ileal loops (arrows), compared with adjacent normal small bowel loops. Asymmetric wall thickening is also well noted at
the descending colon (arrowhead). There was marked wall thickening at the ascending colon and relative thinning of the psoas muscle (asterisk). Initial
laboratory results showed lower albumin levels (2.5 d/gL). (B) A 11-year-old girl was diagnosed with infectious enterocolitis after this CT. There was diffuse
continuous inflammation of the colon (arrows) and a relatively thickened psoas muscle (asterisk). Her initial aloumin level was 4.3 d/gL. CD, Crohn's disease.

For the quantitative analysis of CT features, the largest thick-
ness of the small and large bowel wall (mm) was measured on
axial images. For small bowel thickness, the small bowel loop
among the duodenum, jejunum, and ileum that was the most
thickened was selected for each patient and measured on an
axial contrast-enhanced image. To understand the effects of
sarcopenia, the thickness of the right psoas muscle (mm) at
the level of aortic bifurcation was measured on an axial image
(Fig. 1). The transverse diameters of the main portal vein and
abdominal aorta (mm) at the same level of the liver hilum
were used to evaluate differences in splanchnic vascular flow.
The ratio between the portal vein and aorta diameter was eval-
uated to minimize the effect of patient size. In addition, the
longitudinal diameter of the right liver lobe (cm) on coronal
images was assessed for the presence of hepatomegaly.

Statistical analysis

Statistical analyses were performed using SPSS version 25 (IBM
Corp., Armonk, NY, USA). Values were presented as medians
with interquartile ranges or numbers with percentages. The
Mann-Whitney U test was used for continuous variables and
the chi-square test or Fisher’s exact test was used for categori-
cal variables.

A univariate logistic regression test was performed on fea-
tures that were significantly different between the CD and
control groups. Variables that did not occur in any of the two
groups were not included in this analysis. For subsequent multi-
variate logistic regression analysis, five to seven variables were
included with the overall subject number of this study following
the rule of ten. Therefore, we could not include all of the vari-
ables that were significant on univariate analysis. Instead, we
selected clinically accepted variables that are already known
as meaningful features of CD or that had relatively consistent
results without wide variation. In addition, for adjusting age,
sex, and BMI z-score between two groups, a multivariate anal-
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ysis was additionally performed that included these three vari-
ables. The diagnostic performances of significant variables for
diagnosing CD were assessed using the area under the curve
(AUC). P-values less than 0.05 were considered statistically sig-
nificant.

RESULTS

Subjects and laboratory results

During the study period, 118 patients underwent abdominal
CT scans before being diagnosed with CD or enterocolitis.
Among these patients, eleven were excluded because labora-
tory results were unavailable within 30 days of the CT scan (n=3),
oral contrast media was used (n=1), and a previous medical
surgical history related to GI tract disease, including anorectal
malformation or Behcet’s disease, existed (n=7). Therefore, a
total of 107 patients was included, with 50 patients in the CD
group and 57 patients in the control group. Abdominal pain was
present in 38 patients of the CD group and 51 patients in the con-
trol group. Diarrhea was present in 34 patients of the CD group
and 19 patients in the control group. Weight loss occurred in
22 patients of the CD group, while only 2 patients had weight
loss. The exact duration of abdominal pain, frequency of diar-
rhea, or extent of weight loss could not be confirmed when not
recorded, especially for the control group, due to the retrospec-
tive study design. No one in the control group subsequently
developed inflammatory bowel disease or other GI pathology
during follow-up.

Basic patient demographics are compared between the CD
and control groups in Table 1. Age, sex, height, and weight did
not differ between the two groups (p=0.119, 0.174, 0.159, and
0.697, respectively). However, the z-scores of height and weight
were significantly lower in the CD group (p=0.003, <0.001, re-
spectively). BMI, BMI z-scores, and BMI percentage were also
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Table 1. Comparison of Features between the CD and Control Groups
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Variables CD (n=50) Control (n=57) pvalue
Demographics
Age (yr) 13(11-14) 11(10-14.5) 0.119
Sex (M:F)* 33:17 30:27 0.174
Height (cm) 155 (148-161.7) 150 (131.5-163.2) 0.159
Height z-core -0.56 (-1.16-0.13) 0.3(-0.62-0.99) 0.003
Weight (kg) 39(31.3-49.8) 39(30-52.9) 0.697
Weight z-score -1.15(-2.14--0.3) 0.14(-0.82-0.69) <0.001
BMI (kg/m?) 16.4(14.5-19.2) 18.0(15.6-21.2) 0.021
BMI z-score -1.19(-2.16—-0.07) 0.09(-1.32-0.98) 0.001
BMI percentage (%) 19 (7-65) 54.5(13.8-81.3) 0.029
Laboratory results
WBC (x10°%/pL) 10125 (8207.5—-12347.5) 6320 (5175-8960) <0.001
Hemoglobin (g/dL) 11.6(10.0-12.9) 13.4(13.0-14.1) <0.001
Hematocrit (%) 36.6 (32.5-39.5) 39.8(37.5-41.9) <0.001
Platelet (x10%/L) 517 (402-701.5) 266 (224.5-311.5) <0.001
Neutrophil (%) 72.5(66.5-79.2) 61(47.9-76.9) 0.001
ESR (mm/hr) 73 (50-104) 3.5(2-16.5) <0.001
CRP (mg/L) 36(11.7-75.8) 1.0(0.3-20.2) <0.001
Albumin (g/dL) 34(3.1-3.7) 45(4.3-4.7) <0.001
Qualitative CT features
Multisegmental bowel involvement 43 (86) 2(3.5) <0.001
Mesenteric vessel engorgement 41(82) 2(3.5) <0.001
Appendix involvement™ 7(14) 0 0.004
Lymph node enlargement (short diameter >1 cm) 11(22) 0 <0.001
Perianal soft tissue asymmetry 11(22) 0 <0.001
Perianal abscess™ 5(10) 0 0.020
Quantitative CT features
Largest thickness of the small bowel (mm) 7.5(6.4-7.3) 6.2 (5.4-7.2) <0.001
Largest thickness of the large bowel (mm) 10.2 (8.2-13.0) 10.3(7-13.4) 0.937
Psoas muscle thickness (mm) 19.2 (15.3-24.4) 22 (17.6-27.1) 0.040
Portal vein (mm) 11.6(10.1-12.8) 10.2(9.1-11.4) 0.003
Abdominal aorta (mm) 13.4(11.7-14.7) 13(11.8-14.4) 0.844
Portal vein/aorta ratio 0.9(0.8-1.0) 0.8(0.7-0.9) 0.001
Liver longitudinal diameter (cm) 16.0(15.1-17.4) 14.6 (13.6-15.3) <0.001

CD, Crohn’s disease; BMI, body mass index; WBC, white blood cell count; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein.
Data are presented as median (IQR) or n (%). The Mann-Whitney U test was performed for continuous variables, and the chi-square test (*Fisher's exact test)

was performed for categorical variables.

all significantly lower in the CD group (p=0.021, 0.001, 0.029,
respectively). All laboratory results were significantly different
between the two groups. WBC (median 10125x10%/pL vs. 6320x
10°/uL), platelet (median 517x10%/pL vs. 266x10°/pL), neutro-
phil (median 72.5% vs. 61%), ESR (median 73 mm/hr vs. 3.5
mm/hr), and CRP (median 36 mg/L vs.1.0 mg/L) levels were
significantly higher in the CD group, while hemoglobin (me-
dian 11.6 g/dL vs. 13.4 g/dL), hematocrit (median 36.6% vs.
39.8%), and albumin (median 3.4 g/dL vs. 4.5 g/dL) levels were
significantly lower in the CD group (all, p<0.001).
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CT image results

In the qualitative analysis of CT features, multisegmental in-
volvement (86% vs. 3.5%, p<0.001) and mesenteric vessel en-
gorgement (82% vs. 3.5%, p<0.001) were observed significantly
more in the CD group. No patient in the control group had ap-
pendix involvement, lymph node enlargement (short diameter
>1 cm), perianal soft tissue asymmetry, or perianal abscess.

In the quantitative analysis of CT features, the largest thick-
ness of the small bowel (median 7.5 mm vs. 6.2 mm, p<0.001),
portal vein diameter (median 11.6 mm vs. 10.2 mm, p=0.003),
portal vein/aorta ratio (median 0.9 vs. 0.8, p=0.001), and liver
longitudinal diameter (median 16.0 cm vs. 14.6 cm, p<0.001)
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were significantly higher in the CD group. Psoas muscle thick-
ness (median 19.2 mm vs. 22 mm, p=0.040) was significantly
lower in the CD group. The largest thickness of the large bowel
and abdominal aorta diameter did not differ between the CD
and control group (Table 1).

Logistic regression results for differentiating CD

The results of univariate logistic regression analysis for differ-
entiating CD from infectious enterocolitis are presented in Ta-
ble 2. BMI z-score was a significant factor for predicting CD
[odds ratio (OR) 0.708, 95% confidence interval (CI) 0.548-
0.915]. Of the laboratory results, WBC (OR 1.0, 95% CI 1.000~
1.000), hemoglobin (OR 0.4, 95% CI 0.275-0.587), hematocrit
(OR 0.8, 95% CI 0.705-0.886), platelet (OR 1.0, 95% CI 1.008~
1.019), neutrophil (OR 1.1, 95% CI 1.019-1.082), ESR (OR 1.1,
95% CI 1.044-1.125), CRP (OR 1.0, 95% CI 1.010-1.037), and

Table 2. Univariate Logistic Regression Analysis Results of Significant
Features for Differentiating CD from Infectious Enterocolitis

Variables* OR (95% CI) P
value
Demographics

Age 1.072 (0.958-1.201) 0.226
Sex 0.572(0.262-1.252) 0.162
Height 1.015(0.995-1.035) 0.146
Height z-score 0.901(0.761-1.067) 0.227
Weight 0.993 (0.968-1.018) 0.576

Weight z-score 0.645 (0.484-0.860) 0.003
BMI 0.891 (0.803-0.989) 0.030
0.708 (0.548-0.915) 0.008
0.986 (0.793-0.999) 0.034

BMI z-score

BMI percentage
Laboratory results

WBC 1.000 (1.000-1.000) 0.001

Hemoglobin 0.402 (0.275-0.587)  <0.001
Hematocrit 0.790(0.705-0.886)  <0.001
Platelet 1.014(1.008-1.019)  <0.001
Neutrophil 1.050(1.019-1.082)  <0.001
ESR 1.084(1.044-1.125)  <0.001
CRP 1.023(1.010-1.037)  <0.001
Albumin (x10?) 0.938(0.914-0.962)  <0.001

Qualitative CT features
Multisegmental bowel involvement
Mesenteric vessel engorgement

Quantitative CT features
Largest thickness of the small bowel
Psoas muscle thickness
Portal vein

168.929 (33.387-854.742) <0.001
125.278 (25.685-611.049) <0.001

1.561 (1.214-2.008) 0.001
0.948 (0.896-1.003) 0.062
1.372(1.091-1.725) 0.007
Portal vein/aorta ratio (x10) 1.759 (1.244-2 487) 0.001
Liver longitudinal diameter 1.380(1.112-1.713) 0.003

CD, Crohn’s disease; OR, odds ratio; Cl, confidence interval; BMI, body mass in-
dex; WBC, white blood cell count; ESR, erythrocyte sedimentation rate; CRP, C-
reactive protein.

*Except for variables without occurred events in the control group.
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albumin (OR 0.9, 95% CI 0.914-0.962) levels were significant
factors for differentiating CD.

Of the CT features, multisegmental bowel involvement (OR
168.9, 95% CI 33.4-854.7), mesenteric vessel engorgement (OR
125.3, 95% CI 25.7-611.1), increase in the largest thickness of
the small bowel (OR 1.6, 95% CI 1.214-2.008), portal vein di-
ameter (OR 1.4, 95% CI 1.091-1.725), portal vein/aorta diam-
eter ratio (OR 1.8, 95% CI 1.244-2.487), and liver longitudinal
diameter (OR 1.4, 95% CI 1.112-1.713) were significant factors
for differentiating CD. Age and psoas muscle thickness were
not significant factors for CD (p=0.226 and p=0.062, respec-
tively).

A maximum of seven variables among the above significant
factors was allowed in the multivariate logistic regression anal-
ysis according to the rule of ten for the results to have clinical
significance and consistency, and this judgement was made
under the guidance of a statistician. We included multiseg-
mental involvement, mesenteric vessel engorgement, portal
vein/aorta diameter ratio, liver longitudinal diameter, and he-
moglobin, platelet and albumin levels in the analysis, and the
results are presented in Table 3. Of the seven variables, multi-
segmental involvement (OR 111.6, 95% CI 4.778-2605.925)
and decreased albumin levels (OR 0.941, 95% CI 0.891-0.993)
were significant factors for differentiating CD from infectious
enterocolitis. For adjusting age, sex, and BMI z-score between
the two groups, additional results including these three variables
were also added to Table 3. Lower albumin level (OR 0.929, 95%
CI0.870-0.993) was a significant factor for predicting CD after
adjusting for age, sex, and BMI z-score. Multisegmental bowel
involvement showed a p-value of 0.086 after adjusting for age,
sex, and BMI z-score.

Diagnostic performance for differentiating CD

When we assessed the diagnostic performances of significant
variables for differentiating CD from infectious enterocolitis,
as shown in Table 4, multisegmental involvement and higher
platelet (>320x10°/pL) and lower albumin (<4 g/dL) levels
showed AUC values above 0.9 for differentiating CD separate-
ly. Combining multisegmental involvement and lower albumin
level together, the AUC value was 0.985 (95% CI 0.940-0.999)
with a sensitivity of 96% and a specificity of 100% for differen-
tiating CD from enterocolitis.

DISCUSSION

Cases of pediatric onset CD have gradually increased in num-
ber, and the timely recognition of CD in affected patients has
become a critical issue.®> About 15%-25% of patients who are
newly diagnosed with inflammatory bowel disease are of the
pediatric population, and reports have shown that CD patients
are younger than patients with ulcerative colitis at the time of
diagnosis." CD has been characterized using CT or MRI be-
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Table 3. Multivariate Logistic Regression Analysis Results of Significant Features for Differentiating CD from Infectious Enterocolitis, with or without

Age, Sex, and BMI Adjustment

Variables™ OR (95% CI) pvalue OR (95% CI) pvalue
Age - 0.854 (0.308-2.368) 0.762
Sex - 8.179(0.019-3470.2) 0.496
BMI z-score - - 2.812(0.349-22.662) 0.331
Hemoglobin 1.476 (0.379-5.751) 0.574 1.687 (0.289-9.842) 0.561
Platelet 1.002 (0.992-1.011) 0.729 1.008 (0.991-1.026) 0.349
Albumin (x10?) 0.941(0.891-0.993) 0.028 0.929(0.870-0.993) 0.030
Multisegmental bowel involvement 111.587 (4.778-2605.925) 0.003 4416.306 (0.305-6397.9x10°) 0.086
Mesenteric vessel engorgement 15.669 (0.159-1541.446) 0.240 69.617 (0.069-69816.414) 0.229
Portal vein/aorta ratio (x10) 1.462 (0.326-6.570) 0.620 1.249 (0.298-5.227) 0.761
Liver longitudinal diameter 1.565 (0.460-5.323) 0.473 1.726 (0.293-10.151) 0.546

CD, Crohn’s disease; BMI, body mass index.

*Among the significant variables in Table 2, only variables that had clinical significance and relative consistency were included in the multivariate logistic regres-

sion analysis according to the rule of ten.

Table 4. Diagnostic Performance of Significant Features for Differentiating CD

Variables Cut-off values AUC 95% CI Sensitivity (%) Specificity (%)

Hemoglobin (g/dL) <125 0.843 0.760-0.906 72 87.7
Platelet (x10%/u L) >320 0.940 0.877-0.977 96 80.7
Albumin (g/dL) <4 0.962 0.906-0.989 90 947
Multisegmental bowel involvement - 0912 0.842-0.958 86 94.5
Mesenteric vessel engorgement - 0.892 0.818-0.944 82 96.5
Portal vein/aorta ratio 0.86 0.681 0.583-0.767 54 79.0
Liver longitudinal diameter (cm) >15.3 0.708 0.612-0.792 68 712
Multisegmental bowel involvement+Albumin - 0.985 0.940-0.999 96 100

CD, Crohn’s disease; AUC, area under the curve; Cl, confidence interval.

cause active inflammation of the bowel loop on histology is a
well-known trait of CD in pediatric patients.'* However, it is
not easy to differentiate CD from enterocolitis with conventional
abdominal CT. Abdominal pain and GI symptoms may be early
presentations of CD, and a faster diagnosis of CD could lead to
fewer affected bowel loops than would be expected with disease
progression. However, differentiating CD from other enteroco-
litis using conventional CT, as is done in the emergency depart-
ment, can be challenging without CT or MR enterography.

A recent study mentioned that even clinicians in a tertiary
hospital rarely encounter CD in its early stages before compli-
cations arise, such as fistula or abscess.® Kwon, et al.'* demon-
strated that body mass index and initial basic laboratory re-
sults, including WBC, hemoglobin, and serum albumin levels,
were significantly lower in CD than in ulcerative colitis before
a final diagnosis of inflammatory bowel disease. Irwin, et al."®
proved that serum albumin significantly decreased and serum
platelet significantly increased during follow-up in a CD group
before final diagnosis. These findings emphasize the need to
detect pre-diagnosis symptoms and signs to reduce diagnostic
lag times and delays in treatment access."

To the best of our knowledge, we are the first to analyze rou-
tine abdominal CT findings in qualitative and quantitative
ways to detect pre-diagnostic changes on the CT images of CD
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patients. Even though we could not include all of the variables
that were significant on univariate analysis in the multivariate
regression analysis, we were able to demonstrate that many
laboratory and CT findings can aid the differentiation of CD
from infectious enterocolitis as was also seen with the results
of the univariate regression test. In addition to already known
CT findings of CD, such as multisegmental involvement and the
comb sign, we attempted to quantify sarcopenia and splanch-
nic vasculature using psoas muscle thickness and portal vein/
aorta ratio despite the limitations of using such features. In
multivariate analysis, multisegmental bowel involvement on
initial CT and lower serum albumin levels (<4 g/dL) showed
an AUC value of 0.985 with a sensitivity of 96% and a specifici-
ty of 100%. This result was concordant with a previous study
that concentrated on laboratory results obtained before a CD
diagnosis.”'® Even though routine pediatric abdominal CT
without oral contrast media or multiphase scanning does not
fully demonstrate and characterize the bowel loop, compared
with CT or MR enterography, efforts to simply trace the in-
flamed bowel segment and refer to laboratory results could ef-
fectively help clinicians and radiologists identify patients who
need further work-up.

Sarcopenia due to malnutrition has emerged as an impor-
tant problem for CD patients.'*'® There have been efforts made
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to quantify the body composition of CD patients using the pso-
as muscle area on routine MRI."” In our study, psoas muscle
thickness was significantly lower in CD patients on initial ab-
dominal CT (19.2 mm vs. 22 mm, p=0.040). This suggests that
sarcopenia can be observed in the initial presentation of CD
and can worsen as CD progresses, although further studies are
needed to confirm this assumption. Some studies have raised
concerns that CD patients might have increased splanchnic
vascular flow seen on Doppler US or contrast-enhanced US.2#
Our study showed that while aorta diameter was not signifi-
cantly different, portal vein diameter and the ratio between the
two diameters were significantly larger in the CD group. Further
studies with a larger pediatric cohort that focus on splanchnic
perfusion and its effect on the abdominal organs or liver are
warranted.

Our study has several limitations. First, because of its retro-
spective nature, a selection bias could exist. In addition, we
could not include all of the significant variables in the multivar-
iate analysis because the small number of included subjects
became the cause of failure of assumption. We had to select a
maximum of seven variables with clinical importance and nar-
rowed variation following the rule of ten. Additionally, we includ-
ed age, sex, and BMI in the selected seven variables to show re-
sults after adjusting clinical factors of two groups. Second, one
pediatric radiologist assessed CT features without demonstrat-
ing inter- or intra-observer variability. However, most of the fea-
tures included in this study were not measured with new tech-
niques, and we tried to include features that would be less
affected by measurements. Future large cohort studies in real
clinical settings are needed to validate our results.

In conclusion, initial conventional CT and laboratory re-
sults could aid in the differentiation of CD from infectious en-
terocolitis prior to the diagnosis of CD in pediatric patients. De-
tection of multisegmental bowel involvement on initial CT and
lower albumen levels (<4 g/dL) could aid the differentiation of
CD from enterocolitis. Even though routine pediatric abdomi-
nal CT without oral contrast or multiphase scanning does not
fully demonstrate and characterize the bowel loop, compared
with CT or MR enterography, efforts to simply trace the in-
flamed bowel segment while referring to laboratory results
could effectively help clinicians and radiologists identify pa-
tients who need further work-up.
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