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Background: Recently, intestinal ultrasound (IUS) scores such as International Bowel Ultrasound
Segmental Activity Score IBUS-SAS) and Simple Ultrasound Score for Crohn’s Disease (SUS-CD) have
been established to evaluate disease activity in Crohn’s disease (CD), but these require further external
validation. This study thus aimed to compare recent IUS scores in patients with colonic or small intestinal
CD in order to objectively assess their value and appropriate application.

Methods: This retrospective study consecutively enrolled data of patients with CD from October 2020
to November 2022. The endoscopic and ultrasound images were collected, and the affected segments
were rescored according to endoscopic scores [Simple Endoscopic Score for Crohn’s Disease (SES-CD),
Rutgeerts score for patients who have undergone surgery, and the Lewis score for CD of the small intestine];
IUS scores were also collected, including the IBUS-SAS, Ultrasound Consolidated Score (UCS), SUS-
CD, Simple Ultrasound Score (Simple US Score), and Bowel Ultrasound Score (BUSS). Subsequently, the
correlation of IUS scores with endoscopic scores and the identification of disease activity was calculated. The
Spearman rank correlation coefficient was used to calculate the correlation of parameters, and the Kruskal-
Wallis test was used to compare different groups. Receiver operating characteristic (ROC) curve analysis was
performed to evaluate the diagnostic efficiency of each score, and corresponding area under the curve (AUC),
cutoff values, sensitivity, specificity, and 95% confidence intervals (CIs) were calculated.

Results: A total of 203 patients were included in this study. All scores correlated well with endoscopic
scores and showed the ability to identify colonic CD activity with high sensitivity and specificity. Among
all the scores, IBUS-SAS had the highest value overall and for colonic CD, with sensitivity of 92.7% and a
specificity of 91.4% in identifying endoscopic activity and a sensitivity of 95.0% and a specificity of 88.2%
in identifying severe endoscopic activity. In small intestinal CD, the UCS showed the highest correlation
with endoscopic score, with a relative coefficient of 0.708. The corresponding cutoff values for identifying
endoscopic activity and severe activity were also calculated.

Conclusions: Consistent with endoscopy, IUS scores are accurate in retrospective activity evaluation of

CD, and suitable scores can be chosen according to the given circumstances.
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Introduction

Crohn’s disease (CD), as one of the inflammatory bowel
diseases, is a chronic, progressive, and debilitating condition
that can affect any segment of the gastrointestinal tract. It
is characterized by transmural inflammation and relapsing-
remitting activity, necessitating frequent evaluations
throughout the disease course (1). Accurate, serial, and
objective assessment of disease activity plays a crucial role
in the management of CD (2). In active cases, activity
assessment guides therapeutic decision-making and helps
assess treatment response, while proactive monitoring
during remission aims to identify early signs of disease
recurrence (3). Moreover, since symptom severity does not
always correlate with the extent of disease, the treatment
goal for CD has shifted from symptom control to attaining
mucosal or transmural cure (4). Therefore, in alignment
with the treat-to-target therapeutic approach, objective and
precise evaluation of bowel damage and activity has become
increasingly essential (5).

Currently, several modalities are considered valuable
for CD activity assessment, with endoscopy being the
preferred, gold standard method, especially colonoscopy for
colonic CD. Endoscopy allows for the direct visualization
of characteristic mucosal changes associated with CD,
such as ulcerations and cobblestone appearance (6).
However, endoscopy may be limited in cases of stricturing
and does not provide information regarding extraluminal
manifestations. Therefore, perienteric assessment is
important, as peri-intestinal signs, including inflamed fat,
have been increasingly associated with various pathological
changes and prognoses (7). Cross-sectional imaging
is advantageous for extraintestinal evaluation, and the
European Crohn’s and Colitis Organization and European
Society of Gastroenterology and Abdominal Radiology
(ECCO-ESGAR) Guideline has recommended cross-
sectional imaging in the complementary phenotype and
complication assessment of CD (3). Commonly used cross-
sectional imaging modalities include computed tomography
(CT), magnetic resonance imaging (MRI), and intestinal
ultrasound (IUS), all of which exhibit comparable diagnostic
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efficacy in monitoring both colonic and small intestinal
CD (8,9). Considering the need for repeated examinations
during the disease course, MRI and IUS are preferred
as first-line choices, with CT reserved for emergency
situations due to radiation concerns (7,10). The selection
between MRI and IUS depends on the specific clinical
scenario, as both modalities appear to provide equivalent
value in CD monitoring (3).

IUS, as a non-invasive and convenient modality, also
offers accurate assessment of CD activity, with reported
sensitivities ranging from 75% to 90% and specificities
ranging from 75% to 100% (4). IUS also provides high
accuracy in detecting CD complications such as stenosis,
fistula, or abscess, with reported sensitivities ranging
from 77% to 100% and specificities ranging from
90% to 96% (11). Furthermore, IUS examinations are
better tolerated by patients compared to other imaging
modalities, and monitoring with IUS can enhance shared
understanding, thereby increasing patients’ confidence
in disease management (12,13). In order to facilitate
broader adoption in routine clinical practice, there is a
need for robust and validated IUS scoring systems that
can accurately evaluate disease activity and treatment
response (4,14). Several IUS scores have been developed in
recent years (15-19), and while some of these scores have
demonstrated reproducibility in certain studies, they remain
controversial (20,21). Therefore, a consensus regarding
TUS scores has not yet been reached, and further external
and comprehensive validation is warranted (22). Although
prospective validation is considered more persuasive than
retrospective validation, the latter offers advantages in
terms of completeness of information and larger sample
sizes. Given the prolonged disease course of those with
CD, repeated comparisons with established examinations
are crucial for follow-up monitoring. Consequently, a valid
scoring system should demonstrate accuracy in both the
prospective and retrospective settings. Some scoring systems
require gastrointestinal ultrasound experience, which also
hinders the more widespread use of IUS scores. Moreover,
it is difficult for both gastroenterologists and ultrasound
physicians to select an appropriate score according to the
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individual patient’s situation. In addition, application of IUS
scores in small intestinal CD is still scarce. Few validations
have been conducted in Chinese cohorts, and whether this
population differs in any meaningful way remains unknown,
hindering the application of IUS activity scores in Chinese
patients. This study was conducted in the West China
Hospital, a leading hospital of China Western Inflammatory
Bowel Disease Alliance, and aimed to retrospectively and
comprehensively compare recent IUS scores in a large
cohort of patients with CD (including colonic and small
intestinal CD) from Southwest China. Stringent criteria
were employed in order to objectively assess the value IUS
scores and their appropriate application for clinical practice
in China. We present this article in accordance with the
STROBE reporting checklist (available at https://qims.
amegroups.com/article/view/10.21037/qims-24-742/rc).

Methods

This retrospective cross-sectional study was conducted in
accordance with the Declaration of Helsinki (as revised in
2013) and was approved by institutional ethics committee of
the West China Hospital of Sichuan University (No. 359,
2020). The requirement for individual consent was waived
due to the retrospective nature of the analysis.

This retrospective study consecutively collected the data
of patients diagnosed with CD according to the diagnostic
criteria proposed by the World Health Organization and
recommended by World Gastroenterology Organization (23)
at the West China Hospital of Sichuan University from
October 2020 to November 2022. Clinical data, laboratory
examinations, and baseline demographic data were collected.
The following exclusion criteria were used to screen out
unqualified data: (I) application of endoscopy over 1 month
before or after IUS examination; (II) administration of
treatment between endoscopy and IUS examination; (III)
unrestorable endoscopic or IUS images; (IV) inability of
endoscopy to examine the IUS-assessed most-affected
segment due to reasons such as impassable stenosis; (V)
disease involving the isolated upper gastrointestinal tract or
rectum; (VI) systemic diseases such as malignant tumor or
other known gastrointestinal diseases; and (VII) pregnancy
or lactation. If the patients underwent multiple examinations,
the latest examination meeting the criteria was used. During
the rescoring process, the endoscopist and IUS physician
were blinded to each other’s final results.

The endoscopy images were reread and scored by an
endoscopist (J.Y.J.), who had specialized in inflammatory
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bowel disease for over 5 years, using the Simple Endoscopic
Score for Crohn’s Disease (SES-CD), Rutgeerts score (for
patients who had undergone surgery), and Lewis score
(for patients with isolated small bowel involvement). For
colonoscopy, four segments were evaluated: the terminal
ileum, cecum and ascending colon (including the ileocecal
valve), transverse colon, descending, and sigmoid colon.
For enteroscopy or capsule endoscopy, the small bowel was
divided into the jejunum and ileum (excluding the terminal
ileum). Segmental scores were recorded, and segmental
activity was defined as SES-CD >3 or Rutgeerts score
> 2b, while severe activity was defined as SES-CD >9 or
Rutgeerts score 4 (24,25). Since the sample size of isolated
small-bowel involvement was relatively small, the Lewis
score was only used to calculate the correlation with IUS
scores, without further division into activity or remission
categories.

For IUS scores, the images were reread and remeasured
by an ultrasound physician (J.Y.Z.) who specialized in CD
for more than 5 years and reviewed by an experienced IUS
physician (H.Z.). The bowel segment division was consistent
with the endoscopy. In patients with isolated small bowel
involvement, significant pathological changes (such as huge
ulcers, stenosis, or a single lesion) and location helped to
match the segment in both IUS and enteroscopy. If the
evidence was insufficient to ensure the correspondence of
two examinations, then the sample was excluded. If there
was more than one segment demonstrating activity, the one
with the highest ultrasound scores would be recorded. If
there were no active findings on IUS, the terminal ileum
would be chosen to complete the score.

All parameters involved in the IUS scores were
remeasured according to each score’s grading standard
(Figure 1). The International Bowel Ultrasound Segmental
Activity Score (IBUS-SAS) includes four parameters: bowel
wall thickness (BWT) (mm), inflammatory fat (absent,
uncertain, or present), color Doppler signal (absent, short
signals, long signals inside bowel, or long signals inside
and outside the bowel), and bowel wall stratification
(BWS) (normal, uncertain, focal, or extensive). The Simple
Ultrasound Score for Crohn’s Disease (SUS-CD) includes
two parameters): BWT (<3.0, 3.0-4.9, 5.0-7.9, or 28.0 mm)
and color Doppler signal (no or single vessel, 2-5 vessels
per cnt’, or >5 vessels per cm’). The Ultrasound Consolidated
Score (UCS) includes six parameters: BWT (mm), symmetry
(symmetrical or asymmetrical), echo of peribowel fat (not
increased or increased), bowel wall vascularization (Limberg

type 0-2 or Limberg type 3-4), BWS (clear, less clear, or
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D Ultrasound scoring protocols Total scores

IBUS-SAS

S1 (BWT): 6 mm;

S2 (i-fat): 2 = present; 4*S1+15"S2 + 7*S3 + 4*S4 =73
S3 (CDS): 1 = short signals;

S4 (BWS): 3 = extensive (>3 cm)

SUS-CD
S1 (BWT): 2 =5-7.9 mm S1+S024
S2 (CDS): 2 = more than 5 signals per cm?
Simple US Score
S1 (BWT): 6 mm S14+52=9
S2 (CDS): 3 = more than 5 signals per cm®
ucs

S1 (symmetry): 0 = symmetrical

S2 (i-fat): 1 = increased echo of i-fat

S3 (CDS): 1= 0-2 Limberg grading

S4 (BWS): 2 = unclear S1+82+83+S84+85+86=12
S5 (echogenicity of the bowel walls): 2 = thickness of submucosa with hyper echogenicity is larger

than thickness of hypoechoic muscularis mucosa

S6 (BWT): 6 mm

BUSS

S1 (BWT): 6 mm 0.75*S1 + 1.65*S2 =6.15
S2 (CDS): 1 = present

Figure 1 Practical example of IUS score remeasurement and scoring details. (A) Transverse section of affected bowel segment. (B,C)
Longitudinal section of the affected bowel segment in color Doppler mode. (D) The details of score calculation according to each scoring
protocol. White two-way arrows: BWT measurements in two different sections; green two-way arrows: distance between two measuring
sites, with >10 mm indicating qualification; yellow line segment: length of the segmental BWS loss; orange line segment: the ratio of the
thickness of mucosa (hypoechoic) and submucosa (hyperechoic); blue line square: area of 1 cm’ for semiquantitative evaluation of bowel
wall blood signal; asterisk: inflamed fat wrapping. IBUS-SAS, International Bowel Ultrasound Segmental Activity Score; BWT, bowel
wall thickness; i-fat, inflammatory fat; CDS, color Doppler signal; BWS, bowel wall stratification; SUS-CD, Simple Ultrasound Score for
Crohn’s Disease; Simple US Score, Simple Ultrasound Score; UCS, Ultrasound Consolidated Score; BUSS, Bowel Ultrasound Score; IUS,

intestinal ultrasound.

unclear), and echo of the bowel walls (thickness of submucosa IBUS-SAS = 4x Score |(BWT ) +15x Score 2 (mesenteric fat)
< muscularis mucosa, thickness of submucosa = muscularis +7x Score 3(color Doppler signal)+4x Score 4(BWS)

mucosa, or thickness of submucosa > muscularis mucosa).
The Simple Ultrasound Score (Simple US Score) includes SUS-CD = Score 1(BIVT) + Score 2(color Doppler signals) 2]
two parameters: BW'T (mm) and color Doppler signal

(absent, 1-2 vessels per cm’, 3—5 vessels per cm’, or >5 vessels Simple US score = Score |(BWT )+ Score 2(color Doppler signals) — [3]
per cm’). The Bowel Ultrasound Score (BUSS) includes two

parameters: BWT (mm) and color Doppler signal (absent or UCS = Score

symmetry) + Score 2 ( mesenteric fat)

present). The scoring formulas for all IUS scores are listed +Score3(Limberg classification for color Doppler signals)
. . . S 4(BWS)+ S 5(ech iCi " the bowel wall:

below, and the detailed grading protocols can be found in the ocore ;Jr core 5(echogenicity of the bowel walls)
BWT

+ Score 6

—_~ o~~~

corresponding literature (15-19).
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Excluded participants (n=1) | X X X
« Combination with severe 'L Patients finally included (n=203)
> h .
diseases (hepatic cell *
carcinoma)
~ < IUS rescoring (n=203)
- * IBUS-SAS, SUS-CD, UCS,
Excluded participants (n=31) Simple US Score, BUSS
> e Duplicated patients with —
different records ¢
[ Endoscopy rescoring (n=203) j
Patients diagnosed with CD who Excluded participants (n=58) :
underwent both ultrasound and —>»| * Time gap of IUS and —
endoscopy (n=329) endoscopy over 1 month Small intestine (n=14) Colon (n=189)
~ No surgical history Underwent surgery
Excluded participants (n=3)
[ * Unclear pictures for m Lewis scores (n=14) SES-CD (n=158) Rutgeerts score (n=31)
re-scoring
p v Y v
Excluded participants (n=33)
> . UnmatclI:in SZ mer(ﬂs of) | Remission Mild-to-moderate activity Severe activity
1US and engc;iosgop e SES-CD <2 or * SES-CD <9 or * SES-CD 29 or
Y Y Rutgeerts score < 2a Rutgeerts score <4 Rutgeerts score 4

Patients screening procedure

Data analysis procedure

Figure 2 Flowchart of the patient screening and data analysis procedure. CD, Crohn’s disease; IUS, intestinal ultrasound; IBUS-SAS,

International Bowel Ultrasound Segmental Activity Score; SUS-CD, Simple Ultrasound Score for Crohn’s Disease; UCS, Ultrasound
Consolidated Score; Simple US Score, Simple Ultrasound Score; BUSS, Bowel Ultrasound Score; SES-CD, Simple Endoscopic Score for

Crohn’s Disease.

BUSS:0.75><Scorel(BWT) 51

+1.65x Score 2 (color Doppler signals)

Statistical analysis was performed using SPSS 27 (IBM
Corp., Armonk, NY, USA). The Shapiro-Wilk test was
used to determine normality. Normally distributed data
are expressed as the mean = standard deviation, and
nonnormally distributed data are expressed as the median.
Categorical data are expressed as frequency (percentage).
The Spearman correlation coefficient was used to calculate
the correlation of parameters, and the Kruskal-Wallis
test was used for the comparison of different groups.
Receiver operating characteristic (ROC) curve analysis
was performed to evaluate the diagnostic efficiency of each
score, and the corresponding area under the curve (AUC),
cutoff values, sensitivity, specificity, and 95% confidence
intervals (Cls) were calculated. Two-sided probability values
<0.05 were considered statistically significant.

Results
Overall data

Initially, 329 patients met the inclusion criteria, and
according to the exclusion criteria, but 33 were excluded
for nonmatching segments between IUS and endoscopy, 58

© AME Publishing Company.

for a time interval between IUS and endoscopy exceeding
1 month, 31 for being duplicate patients with different
records, 3 for having unclear pictures for scoring, and 1
for having complication with other severe diseases (hepatic
cell carcinoma). Finally, 203 patients in total were included
in this study, and the sample sizes vary due to different
subgrouping criterion in the subsequent results (Figure 2).
The baseline demographic data and endoscopic and TUS
scores are shown in 7able 1. Among the enrolled patients,
126 (62.1%) were male and 77 (37.9%) were female, the
mean age was 28 years, and with median disease duration
was 36 months. There were 92 (45.3%) patients who
had received biologics therapy and 31 (15.3%) who had
undergone surgery due to CD complications such as
obstruction or perforation. In the Montreal classification,
patients in our study were mostly A2 (n=150, 73.9%),
L3 (n=122, 64.6%), and B1 (n=87, 42.9%). The most
commonly affected segment on IUS was the cecum and
ascending colon (53, 26.1%). Additionally, 17 patients
(8.4%) had ileocolonic anastomosis affected after surgery,
and 50 patients (24.6%) showed no active findings.

Correlation overview

The correlations of IUS scores are shown in Table 2, with
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Table 1 Baseline demographic data

Parameter Data
Gender
Male 126 (62.1)
Female 77 (37.9)
Age (years) 28 [14-67]
Disease duration (months) 36 [1-300]
Biologics therapy 92 (45.3)
Surgery history 31 (15.3)
Isolated small bowel affection 14 (6.9)
CDAI 232.93+127.7
[26.28-548.19]
CRP (mg/L) 9.4 [1-149]
Montreal classification
A (n=203)
1 (age under 17 years) 34 (16.7)
2 (age 17-40 years) 150 (73.9)
3 (age over 40 years) 19 (9.4)
L (n=189)"
1 (ileum) 17 (9.0)
2 (colon) 50 (26.5)
3 (ileocolon) 122 (64.6)
B (n=203)
1 (nonstricturing or penetrating) 87 (42.9)
2 (stricturing) 57 (28.1)
3 (penetrating) 44 (21.7)
2 + 3 (stricturing and penetrating) 15 (7.4)
Endoscopic scores (n=203)
SES-CD (n=158) 3[0-12]
Rutgeerts score (n=31) 1[0-4]

Lewis (n=14)

Endoscopic activity (n=189)"*
Remission
Mild-to-moderate activity

Severe activity

1,559 [0-3,721]

93 (49.2)
76 (40.2)

20 (10.6)

Table 1 (continued)
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Table 1 (continued)

Parameter Data

Ultrasound scores (n=203)

IBUS-SAS 30 [8-95]
SUS-CD 3[0-5]
Simple US Score 6 [2-14]
ucs 6 [2-18]
BUSS 5.4 [1.5-10.65]

The most-affected segment in ultrasound

Small bowel 14 (6.9)
Terminal ileum 22 (10.8)
Cecum and ascending colon 53 (26.1)
Transverse colon 5(2.5)

Descending and sigmoid colon 42 (20.7)
lleocolonic anastomosis 17 (8.4)
No active finding in ultrasound 50 (24.6)

Data are presented as n (%), median [range], or mean +
standard deviation [range]. T, the sample size excludes patients
with isolated small bowel involvement (n=14); ¥, the endoscopic
activity was defined by SES-CD and Rutgeerts score but not
the Lewis score. CDAI, Crohn’s Disease Activity Index; CRP,
C-reactive protein; SES-CD, Simple Endoscopic Score for
Crohn’s Disease; IBUS-SAS, International Bowel Ultrasound
Segmental Activity Score; SUS-CD, Simple Ultrasound Score for
Crohn’s Disease; Simple US Score, Simple Ultrasound Score;
UCS, Ultrasound Consolidated Score; BUSS, Bowel Ultrasound
Score.

all scores being highly correlated with one another. The
correlation of IUS scores and endoscopic scores, Crohn’s
Disease Activity Index (CDAI) and C-reactive protein
(CRP) are shown in Table 3. All TUS scores were highly
and positively correlated with SES-CD, with correlation
coefficients (r) ranging from 0.822 to 0.891, and IBUS-
SAS demonstrated the highest correlation with SES-CD
(r=0.891). As for the Rutgeerts score, all IUS scores showed
moderate correlation, with the IBUS-SAS again having the
highest correlation (r=0.610). For the Lewis score, SUS-
CD and BUSS were not significantly correlated (P>0.05),
while the IBUS-SAS, Simple US Score, and UCS showed
moderate correlation, with UCS being the highest (r=0.708).
All scores showed correlation with CDAI and CRP, with
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Table 2 Intracorrelation of IUS scores
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IBUS-SAS SUS-CD Simple US Score ucs
Score
r P r P r P r P
SUS-CD 0.928 <0.001
Simple US Score 0.946 <0.001 0.976 <0.001
ucs 0.920 <0.001 0.923 <0.001 0.955 <0.001
BUSS 0.930 <0.001 0.925 <0.001 0.962 <0.001 0.974 <0.001

IUS, intestinal ultrasound; IBUS-SAS, International Bowel Ultrasound Segmental Activity Score; SUS-CD, Simple Ultrasound Score for
Crohn’s Disease; Simple US Score, Simple Ultrasound Score; UCS, Ultrasound Consolidated Score; BUSS, Bowel Ultrasound Score.

Table 3 Score correlation overview

SES-CD (n=158) Rutgeerts (n=31) Lewis (n=14) CDAI (n=2083) CRP (n=203)
Score
r P r P r P r P r P
IBUS-SAS 0.891 <0.001 0.610 <0.001 0.610 <0.05 0.590 <0.001 0.688 <0.001
SUS-CD 0.822 <0.001 0.564 <0.001 0.405 0.151 0.373 <0.05 0.620 <0.001
Simple US Score 0.828 <0.001 0.555 <0.05 0.539 <0.05 0.419 <0.05 0.673 <0.001
ucs 0.844 <0.001 0.545 <0.05 0.708 <0.05 0.419 <0.05 0.645 <0.001
BUSS 0.831 <0.001 0.583 <0.001 0.521 0.056 0.425 <0.001 0.668 <0.001

SES-CD, Simple Endoscopic Score for Crohn’s Disease; CDAI, Crohn’s Disease Activity Index; CRP, C-reactive protein; IBUS-SAS,
International Bowel Ultrasound Segmental Activity Score; SUS-CD, Simple Ultrasound Score for Crohn’s Disease; Simple US Score,
Simple Ultrasound Score; UCS, Ultrasound Consolidated Score; BUSS, Bowel Ultrasound Score.

the IBUS-SAS exhibiting the highest for both (r¢py=0.590;
rerp=0.688). Overall, the IBUS-SAS had highest correlation
but was slightly inferior to UCS in its correlation with
the Lewis scores of patients with isolated small bowel
involvement.

Activity evaluation

Fourteen patients with isolated small bowel affection were
excluded from activity evaluation due to the small sample
size of each grade according to the Lewis score. They were
also not included in the Montreal location classification,
as it was not applicable (26). The endoscopic activity was
defined based on SES-CD and Rutgeerts scores. Remission
was defined as SES-CD <2 or Rutgeerts score < 2a, mild-
to-moderate activity as SES-CD <9 or Rutgeerts score
<4, and severe activity as SES-CD >9 or Rutgeerts score
4. Additionally, 94 patients (49.2%) were in remission,
76 patients (40.2%) had mild-to-moderate activity, and
20 patients (10.6%) exhibited severe activity.

Considering that the definition of endoscopic activity
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was different in the original article of SUS-CD (remission,
SES-CD <2; mild activity, SES-CD <7; moderate activity,
SES-CD >7) (16), we also regrouped SUS-CD according
to its original standard. As the original endoscopic activity
classification of SUS-CD only depends on SES-CD, the
sample size was smaller in this classification than it was in
others (158 vs. 189).

Results of the Kruskal-Wallis test showed that all
IUS scores, except SUS-CD, were significantly different
between the three activity-status groups (P<0.05), as shown
in Figure 3. There was no significant difference between
mild-to-moderate and severe activity groups in SUS-
CD scoring (P=0.058). However, after regrouping was
conducted according to its original classification, the SUS-
CD scores were significantly different between all three
activity statuses (P<0.05 in all paired tests) (Figure 3F).

The ROC curves of all IUS scores are shown in Figure 4,
and the corresponding diagnostic efficiencies and cutoff
values are presented in 7able 4. Similarly, both classifications
of activity were evaluated in SUS-CD. In identifying
endoscopic activity, all IUS scores yielded a high AUC,
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Table 4 Diagnostic efficiency of IUS scores
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Identification of endoscopic activity

Identification of severe endoscopic activity

Soores AUC (95% ClI) Cutoff  Sensitivity (%) Specificity (%) AUC (95% Cl) Cutoff Sensitivity (%) Specificity (%)
IBUS-SAS 0.970 (0.947-0.993)  27.5 92.7 91.4 0.937 (0.896-0.978)  65.5 95.0 88.2
ucs 0.944 (0.914-0.975) 6.5 79.2 93.5 0.912 (0.860-0.964) 8.5 95.0 78.7
Simple US Score  0.944 (0.911-0.976) 55 95.8 78.5 0.884 (0.824-0.943) 8.5 90.0 79.3
BUSS 0.942 (0.909-0.975) 5.0 92.7 82.8 0.898 (0.841-0.955) 6.5 85.0 79.9
Sus-cD 17 0.941 (0.908-0.974) 2.5 93.0 87.0 0.863 (0.801-0.924) 3.5 85.0 78.1
SUS-CD 21 0.960 (0.932-0.989) 2.5 94.3 90.1 0.891 (0.839-0.943) 3.5 89.3 81.5

T, SUS-CD was evaluated according to two activity standards. SUS-CD 1 was consistent with other scores in this study, while SUS-CD 2 used
its original standard. IUS, intestinal ultrasound; AUC, area under the curve; Cl, confidence interval; IBUS-SAS, International Bowel Ultrasound
Segmental Activity Score; UCS, Ultrasound Consolidated Score; Simple US Score, Simple Ultrasound Score; BUSS, Bowel Ultrasound Score;

SUS-CD, Simple Ultrasound Score for Crohn’s Disease.

ranging from 0.941 to 0.970, suggesting good accuracy.
Among them, IBUS-SAS had the highest AUC of 0.970,
with a sensitivity and specificity of 92.7% and 91.4%,
respectively. In identifying severe endoscopic activity, all
scores had a slightly inferior but good performance, with
the AUCs ranging from 0.863 to 0.937. Once again, IBUS-
SAS exhibited the highest AUC, with a sensitivity and
specificity of 95.0% and 88.2%, respectively.

The cutoff values of IUS scores indicating endoscopic
activity were 27.5 for IBUS-SAS, 6.5 for UCS, 5.5 for
Simple US Score, 5.0 for BUSS, and 2.5 for SUS-CD
in both standards. The cutoff values indicating severe
endoscopic activity were 65.5 for IBUS-SAS, 8.5 for UCS,
8.5 for Simple US Score, 6.5 for BUSS, and 3.5 for SUS-
CD in both standards. Interestingly, the SUS-CD when
graded according to its original standard had the same
cutoff values but did show higher diagnostic efficiency.

Discussion

The development of accurate and repeatable IUS scoring is
critical for broadening the use of IUS in CD. Several scores
have been established in recent years, yet the retrospective
comparison and validation of these scores using the
same cohort has not been attempted. The importance of
retrospective validation is comparable with that prospective
validation in the evaluation of the clinical applicability of
IUS scores. Therefore, we compared and validated several
IUS scores in the same cohort of patients with CD, using
strict criteria. To our knowledge, this study is the first
retrospective study to include IUS parameter-based scores
established within the past 5 years and the first to determine

© AME Publishing Company.

the value of these scores in assessing small intestinal CD.
Our study was based at the West China Hospital, a leading
hospital of the China Western Inflammatory Bowel Disease
Alliance, so the CD cohort in our study could adequately
represent the context of southwest China. The proportion
of Montreal classifications in our study was different
compared to other countries or other Chinese cohorts,
especially in disease location and behavior (21,27,28), as the
rate of colonic CD is higher than ileal CD among Chinese
CD patients. Overall, all the scores demonstrated good
potential in assessing CD activity and were comparable to
one another, and thus the selection scoring system should
depend on the given context.

In our study, IUS scores were found to be capable of
identifying endoscopic activity, especially in colonic CD.
All TUS scores exhibited a close correlation with SES-CD,
a commonly used endoscopic score in CD, indicating that
TUS scores are able to objectively reflect the activity of the
bowel wall. The scores also demonstrated moderate-to-
high correlation with the Rutgeerts score, an endoscopic
score for patients who have undergone resection. Although
the correlation of TUS scores with Rutgeerts score was
slightly inferior to that with SES-CD, it is nonetheless
encouraging that IUS scores can detect postoperative
recurrence. Evaluating the activity of small intestinal CD
has long been a challenge for imaging modalities including
IUS, and a gold standard for quantifying the activity extent
of small intestinal CD is lacking. As a result, the diagnosis
and management of small intestinal CD are often delayed
(29,30). The Lewis score, proposed in 2008 by Gralnek ez a/.
and based on capsule endoscopy, was used as a temporary
reference standard in this study (31). To our knowledge,
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few validations of IUS scores have been conducted in small
bowel CD. Although ultrasound is inferior to magnetic
resonance enterography in small intestinal CD, with an
average accuracy of about 70% (9,32), the results in our
study indicate that IUS scores are capable of evaluating
the activity of small bowel CD, and the correlation of
IUS scores (except SUS-CD and BUSS) with Lewis score
was comparable with that of the Rutgeerts score. This
demonstrated accuracy of IUS scores in the context of
small bowel CD in our study is close to that for detecting
postoperative recurrence, with the latter being confirmed
by previous studies and guidelines (3,33). However, further
validation is needed to determine the cutoff values of IUS
scores in small bowel CD.

We also confirmed a correlation between IUS scores and
other indices such as CRP and CDAI, which is consistent
with previously published research (34). CRP and CDAI are
important supplementary parameters in CD management,
but they are less sensitive for indicating activity. CDAI is
based on symptoms, which correlate poorly with disease
activity and extent (3); meanwhile, CRP can be influenced
by disease location, and a negative test does not exclude the
presence of a flare (35). Assessments that reveal objective
evidence of bowel wall activity, such as endoscopy, are more
valuable. In our study, IUS scores correlated better with
endoscopy than did CRP or CDAI, suggesting that IUS is a
promising tool that can satisfy the requirements of a treat-
to-target strategy.

IUS scores performed well in this study, and the most
significant difference among these scores was number of
parameters included. It is important to note that the more
parameters a scoring system has, the more experience
is required, increasing operator dependency. Simple
US Score, BUSS, and SUS-CD each include only two
parameters, while IBUS-SAS and UCS have four and
six parameters, respectively. BWT and bowel wall blood
flow are the most important and most commonly studied
ultrasound parameters in CD, form the foundation of the
ultrasonic assessment of transmural inflammation, and can
also predict response or recurrence (2,13,36). BWT and
bowel wall blood flow were included in all TUS scores,
and are the only two parameters in the Simple US Score,
BUSS, and SUS-CD; therefore, these systems are reliable
and sensitive for rapid and preliminary activity evaluations,
only requiring basic IUS training. Besides BWT and bowel
wall vascularization, the loss of BWS and the presence
of mesenteric fat wrapping should also be reported
according to ECCO-ESGAR topical review, as they can

© AME Publishing Company.

reflect transmural inflammation and may contribute to
underlying pathophysiology (7,37). This is why IBUS-
SAS includes two more parameters, providing excellent
sensitivity and specificity. The parameters of UCS represent
the greatest number of ultrasound changes in CD among
the scoring systems, including the ratio of submucosa
to muscularis mucosa. However, with each additional
parameter, sensitivity is decreased while specificity is
increased. Therefore, UCS is more suitable for scientific
applications rather than routine clinical practice, requiring
operators with relevant experience in TUS, but UCS can
yield high accuracy in cases of small intestinal CD. Based
on the overall results, IBUS-SAS appears to be the most
preferable IUS score for clinical practice in Southwest
China, as it strikes a balance between precision and operator
dependence.

Previous validation studies for these IUS scores have
been conducted, and generally, the diagnostic efficiencies
of these scores and their cutoff values vary. IBUS-SAS has
been the most commonly studied system, followed by SUS-
CD, and the scores in our study are in accordance with
those reported elsewhere (38). These two scores are the
most promising for application in clinical practice based on
the current evidence. However, the cutoff values for these
scores vary and have not been standardized, and the values
used in our study are consistent with those of some studies
but inconsistent with those of others (20,21,38). There is
relatively less published research on the validation of the
Simple US Score, UCS, and BUSS, and the cutoff values of
Simple US Score and UCS in our study are nearly identical
to those of previous studies (17,18,21), while that of BUSS
was not (19,21). Therefore, further investigation into
appropriate cutoff values remains necessary.

Several limitations to this study should be noted. First,
we employed a retrospective design using still images, and
we excluded the cases with unrecognizable images, which
might have led to in data collection and remeasurements.
However, we demonstrated the feasibility of comparing
TUS scores with previous reports if the collected images
allowed for the rereading and remeasuring of parameters.
This is important for the application of these scores
in clinical practice. Second, we did not assess inter- or
intraoperator consistency, as measurements on static
images significantly reduce operator dependency and can
falsely increase consistency; moreover, IUS is generally
standardized and repeatable among operators with varying
experience in IUS according to the current evidence (7,27).
Third, the reference standard of endoscopy scores for small
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intestinal CD in this study was the Lewis score, which was
established for capsule endoscopy (31). However, some
of our small intestinal CD cases underwent enteroscopy
instead, and there is currently no standardized CD score
for enteroscopy. Therefore, our study, which suggested the
potential value of TUS scores in small intestinal CD, only
conducted exploratory research in small intestinal cases,
and thus further validation is needed. Considering the
need of high replication of each IUS score in this primary
transverse validation, the most seriously affected segment
was chosen to complete the scores strictly according to the
original score protocols. In addition, we did not include
subjective TUS scoring of activity. Based on this pilot study,
we plan to evaluate more segments with a greater variety of
comparisons in future research.

With the emerging trend of treat-to-target therapeutic
strategies, developing accurate IUS scores for CD is a
critical step toward developing a novel strategy and can
meet the needs of precision clinical medicine (39). Indeed,
IUS results can provide valuable guidance at various stages
of CD management, including de-escalation or withdrawal
of maintenance therapy (40). Validated IUS scores may
serve as a reference and as guidance during long disease
courses. The ability of IUS scores to objectively reflect
bowel wall damage is comparable with that endoscopy;
furthermore, IUS can demonstrate the peribowel situation
and overcome certain limitations, such as stenosis.
Therefore, the TUS score is an attractive alternative to
endoscopic scores for CD activity evaluation and treatment
response. Additionally, the IUS score can serve as a useful
supplement for challenging conditions such as small bowel
CD. As indicated by ECCO-ESGAR, IUS possesses the
potential to be one of the core monitoring modalities in CD
management, as it is non-invasive, simple to conduct, and
easily interpretable (3).

Conclusions

IUS scores were closely correlated with endoscopic activity
scores, indicating their ability to quantify the disease activity
via ultrasound parameters in clinical practice. Furthermore,
different IUS scores may be more suitable in different
contexts, and the appropriate selection of the scoring system
can optimize evaluation.
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