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Abstract

Background and study aims: Transabdominal intestinal
ultrasonography (IUS) is increasingly used to assess transmural
inflammatory activity in Crohn’s disease (CD). This study
evaluated the diagnostic performance of IUS for detecting
ileal inflammatory activity in CD by comparing individual
ultrasonographic parameters and composite activity scores with
ileocolonoscopy.

Patients and methods: This single-center retrospective study
included patients with CD with ileal involvement who underwent
ileocolonoscopy and transabdominal IUS within a 7-day
interval. Ileal endoscopic activity was assessed using the Simple
Endoscopic Score for Crohn’s Disease (SES-CD), with a score >3
indicating active disease. Ultrasonographic evaluation included
bowel wall thickness (BWT), color Doppler signal (CDS), their
combined assessment, and composite scores: International
Bowel Ultrasound Segmental Activity Score (IBUS-SAS), Simple
Ultrasound Score for Crohn’s Disease (SUS-CD), and Bowel
Ultrasound Score (BUSS). Endoscopic findings served as the
reference standard.

Results: Fifty patients were analyzed. Increased BWT and
the presence of CDS were significantly associated with higher
ileal SES-CD scores. When evaluated individually, BWT and
CDS demonstrated moderate sensitivity and high specificity for
endoscopically active disease. Among composite scores, SUS-CD
showed the highest sensitivity and overall accuracy, whereas
IBUS-SAS and BUSS demonstrated high-specificity profiles.
ROC analysis identified an optimal BWT cut-off of 3.69 mm,
providing improved specificity compared with the conventional
3-mm threshold.

Conclusion: Transabdominal intestinal ultrasound shows
high specificity for detecting ileal inflammation in Crohn’s
disease. Individual ultrasonographic parameters and composite
ultrasound activity scores may serve as useful noninvasive
adjuncts to endoscopic assessment of ileal disease activity. (Acta
gastroenterol belg., 2026, 89, 465-473).

Keywords: Transmural inflammation; bowel wall thickness; color
doppler signal; IBUS-SAS.

Introduction

Ileocolonoscopy is the gold standard method for the
diagnosis and follow-up of Crohn’s disease (CD) (1).
Endoscopic evaluation plays a key role in establishing
diagnosis, determining disease severity, monitoring
treatment response, detecting complications, and
screening for dysplasia. In recent years, endoscopic
remission has been accepted as one of the most important
therapeutic targets in Crohn’s disease, highlighting the
central role of mucosal assessment in routine clinical
practice (2).

However, ileocolonoscopy is invasive, requires
bowel preparation, may necessitate sedation, and is

associated with patient discomfort, high cost, and limited
repeatability. These limitations restrict its frequent use
during follow-up and have led to increasing interest
in non-invasive, casily accessible, and radiation-free
imaging modalities for assessing disease activity (3).

Transabdominal intestinal ultrasonography (IUS)
is increasingly used for the diagnosis and follow-up
of inflammatory bowel disease (IBD) (4, 5). It allows
real-time evaluation of the bowel wall and surrounding
structures and has gained importance as a practical
tool for monitoring disease activity in Crohn’s disease
(6). The most commonly described ultrasonographic
findings associated with active CD are increased bowel
wall thickness and color Doppler signal reflecting mural
hypervascularity (7, 8). Additional features, such as
disruption of bowel wall stratification and inflammatory
changes in the mesenteric fat, have also been associated
with active transmural inflammation (7, 9).

Several studies have evaluated the concordance
between IUS findings and endoscopic activity in
patients with Crohn’s disease, particularly those with
ileal involvement (10-12). Although IUS can detect
active disecase with reasonable diagnostic accuracy
when endoscopic findings are accepted as the reference
standard, reported sensitivity and specificity vary,
particularly in patients with mild or limited mucosal
disease (13, 14).

Traditionally, most studies have focused on single
ultrasonographic parameters, particularly bowel wall
thickness, using predefined cut-off values to define
pathological involvement (12,15). Although this
approach is simple and clinically practical, it may not
fully reflect the complexity of transmural inflammation.
Composite intestinal ultrasound activity scores
have therefore been developed to integrate multiple
ultrasonographic features into standardized numerical
indices (16,17).
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Among these, the International Bowel Ultrasound
Segmental Activity Score (IBUS-SAS) has been
proposed and validated, and its diagnostic performance
has been increasingly evaluated against endoscopic
reference standards (11, 16, 18). IBUS-SAS incorporates
bowel wall thickness, color Doppler signal, bowel
wall stratification, and inflammatory mesenteric fat,
thereby providing a broader assessment of transmural
inflammatory activity. In contrast, simpler composite
scores such as the Simple Ultrasound Score for Crohn’s
Disease (SUS-CD) and the Bowel Ultrasound Score
(BUSS) rely mainly on bowel wall thickness and
Doppler activity and may be easier to apply in routine
practice. Data directly comparing these composite
ultrasound scores with individual ultrasonographic
parameters in ileal disease activity remain limited.

Therefore, this study aimed to evaluate the
diagnostic performance of transabdominal intestinal
ultrasonography in detecting ileal inflammatory
activity in patients with Crohn’s disease. We compared
endoscopic findings assessed using the Simple
Endoscopic Score for Crohn’s Disease (SES-CD) with
individual ultrasonographic parameters and composite
ultrasound activity scores, including IBUS-SAS, SUS-
CD, and BUSS.

Materials and Methods
Study Design and Patient Population

This single-center observational study was conducted
at a tertiary referral hospital. This study was conducted
in accordance with the principles of the Declaration
of Helsinki. Ethical approval was obtained from the
Ethics Committee of Istanbul University-Cerrahpasa,
Cerrahpasa Medical Faculty, Turkey (approval number:
83088843-604.01.01-24048). The requirement for
informed consent for participation was waived by the
Ethics Committee owing to the retrospective design of
the study. To ensure patient confidentiality, all collected
data were pseudonymized before analysis, and access
to the study dataset was restricted to the investigators.

At our tertiary referral center, patients with an
established diagnosis of Crohn’s disease are monitored
using IUS as an adjunct to endoscopic evaluation
during routine clinical follow-up. Patients were
considered for inclusion when both ileocolonoscopy
and transabdominal IUS had been performed as part
of the same clinical disease activity assessment. [US
was performed on a separate day within 7 days after
ileocolonoscopy.

Patients were eligible if they had a confirmed
diagnosis of Crohn’s disease based on clinical,
endoscopic, radiologic, and histopathological findings,
if ileal involvement could be adequately assessed by
both ileocolonoscopy and intestinal ultrasonography,
and if no treatment modification occurred between
the two examinations. Patients with isolated colonic
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disease without ileal involvement, inadequate bowel
preparation, incomplete ultrasonographic examinations,
missing key clinical or imaging data, or extensive small
bowel resection precluding meaningful ileal assessment
were excluded. Patients with prior ileocecal resection
were included, provided that reliable evaluation
of the neoterminal ileum by both ileocolonoscopy
and transabdominal intestinal ultrasonography was
technically feasible.

Although data from 57 patients were initially
reviewed, seven patients were excluded because
of unsuccessful terminal ileum intubation during
ileocolonoscopy. After applying the inclusion and
exclusion criteria, 50 patients constituted the final study
cohort.

Endoscopic Assessment

Ileocolonoscopy was performed as part of the
routine clinical evaluation using standard endoscopic
techniques. The terminal ileum was intubated whenever
technically feasible, and endoscopic disease activity
was assessed by experienced endoscopists who were
not involved in the ultrasonographic evaluation.

The endoscopic severity of ileal disease was graded
using the Simple Endoscopic Score for Crohn’s
Disease (SES-CD). An ileal SES-CD value of >3 was
considered indicative of active disease, in accordance
with commonly accepted thresholds (19).

In patients with a history of ileocecal resection,
postoperative recurrence was evaluated using the
Rutgeerts score, based on findings at the ileocolonic
anastomosis and neoterminal ileum. Endoscopic
postoperative recurrence was defined as a Rutgeerts
score of >12 (20).

Ultrasonographic Assessment and Ultrasound-Based
Activity Scores

Transabdominal intestinal ultrasonography was
performed in the gastroenterology outpatient clinic
using a Hitachi HI VISION Preirus ultrasound system
equipped with a 13—6 MHz linear probe and a 5-2 MHz
convex probe. No special patient preparations were
required.

All intestinal ultrasound examinations were
performed by a single gastroenterologist certified by
the International Bowel Ultrasound Group (IBUS)
and with more than 5 years of experience in intestinal
ultrasound. Ileocolonoscopic assessments and SES-
CD scoring were performed by different operators.
Because IUS was performed in a routine clinical
setting, formal blinding to endoscopic findings could
not be fully ensured. The IUS variables analyzed in this
study were obtained from the ultrasonography reports
generated at the time of the original examinations, and
no retrospective image re-evaluation was performed for
study purposes. The terminal ileum or neoterminal ileum
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and colonic segments were systematically evaluated
whenever feasible. Bowel wall thickness (BWT) was
measured at the site of maximal mural thickening using
the mean of two longitudinal and two cross-sectional
measurements. Color Doppler signal activity, bowel
wall stratification, and inflammatory changes in the
surrounding mesenteric fat were recorded as part of a
standardized ultrasonographic evaluation (18).

Ultrasound-based disease activity was assessed using
composite activity scores. IBUS-SAS was calculated
using BWT, color Doppler signal (CDS), bowel wall
stratification (BWS), and inflammatory mesenteric fat
(i-fat), according to previously described methodologies
(11, 18): IBUS-SAS = (4 x BWT) + (15 x i-fat) + (7
x CDS) + (4 x BWS). For the dichotomous diagnostic
performance analysis, an IBUS-SAS value of >25.2
was used to define ultrasonographic activity, based on
previously reported validation data against endoscopic
disease activity (11).

SUS-CD and BUSS were also calculated using
BWT and CDS variables and evaluated for diagnostic
performance. SUS-CD was calculated as the sum of
categorized BWT and CDS scores: BWT was scored as
0 for <3.0 mm, 1 for 3.0-4.9 mm, 2 for 5.0-7.9 mm,
and 3 for >8.0 mm; CDS was scored as 0 for absent, 1
for mild-to-moderate, and 2 for marked Doppler signal.
A segmental SUS-CD value of >1 was used to define
ultrasonographic activity (14). BUSS was calculated
as 0.75 x BWT + 1.65 x bowel wall flow (BWF),
where BWF was defined as any color Doppler signal.
A BUSS value of >3.52 was used as the cut-off for
ultrasonographic activity (21).

Individual ultrasonographic parameters were also
evaluated. Increased BWT (=3 mm) and any positive
CDS (=1) were analyzed individually and in combination
and subsequently compared with endoscopic disease
activity (10, 22).

Clinical and Laboratory Variables

Demographic and clinical data, including age,
sex, disease duration, disease location and behavior
according to the Montreal classification, history of
ileocecal resection, and current medical treatment,
were obtained from medical records (23). Clinical
disease activity was assessed using the Crohn’s Disease
Activity Index (CDAI), and patients with a CDAI score
of <150 were considered to be in clinical remission (24).
Laboratory parameters routinely measured at the time
of ultrasonographic evaluation, including C-reactive
protein (CRP), were recorded.

Statistical Analysis

Statistical analyses were performed using SPSS
software (version 20; IBM Corp., Armonk, NY, USA).
Continuous variables were expressed as mean =+
standard deviation or median (interquartile range), as
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appropriate, and categorical variables as frequencies and
percentages. The distribution of continuous variables
was assessed using the Shapiro—Wilk test.

Group comparisons were performed using Student’s
t-test or Mann—Whitney U test for continuous variables
and the chi-square test or Fisher’s exact test for
categorical variables. Associations between continuous
variables were assessed using Pearson’s or Spearman’s
correlation coefficients, depending on data distribution.

The diagnostic performance of IUS for detecting
active ileal disease was evaluated using endoscopic
activity as the reference standard. Sensitivity,
specificity, positive and negative predictive values,
accuracy, and likelihood ratios were calculated for
individual ultrasonographic parameters and composite
activity scores. Receiver operating characteristic (ROC)
curve analysis was performed, and the area under the
curve (AUC) was calculated. Optimal cut-off values
were determined using the Youden index. A two-sided
p value <0.05 was considered statistically significant.

Results
Patient Characteristics

The study population comprised 50 patients with
Crohn’s disease. The mean age was 39.7 £ 13.7 years,
and 30 patients (60.0%) were male. Based on clinical
disease activity assessment, 28 patients (56.0%)
were in clinical remission (CDAI <150). Additional
demographic, clinical, disease-related, and treatment
characteristics of the study population are presented in
Table 1.

Endoscopic and Ultrasonographic Findings

The median SES-CD score of the study population
was 4.0 (IQR: 7). Based on ileal endoscopic assessment,
36 patients had endoscopically active disease (SES-CD
>3), while the remaining patients had inactive disease.

Transabdominal intestinal ultrasonography revealed
increased bowel wall thickness (BWT >3 mm) in 27
patients, whereas 23 patients had a mean ileal wall
thickness <3 mm. Color Doppler signal activity was
absent in 34 patients, whereas 16 patients demonstrated
Doppler activity >1.

Patients with increased bowel wall thickness (>3 mm)
had significantly higher endoscopic disease activity
than those with wall thickness <3 mm (SES-CD: 5.0
+ 2.98 vs. 1.73 £ 1.86; p < 0.001). Similarly, Doppler
activity was associated with significantly higher SES-
CD scores than Doppler-negative examinations (5.56 +
3.30 vs. 2.52 +£2.31; p < 0.001) (Table 2).

The diagnostic performance of individual
ultrasonographic parameters for detecting endosco-
pically active ileal disease was evaluated. Increased
bowel wall thickness (=3 mm) demonstrated a
sensitivity of 67.0%, specificity of 79.0%, and accuracy
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Table 1. — Demographic, clinical, disease-related and treatment characteristics

of the study population (n = 50).

Variable Value

Age, years, mean = SD 39.7+13.7 (18-78)
<40 years, n (%) 26 (52.0)
>40 years, n (%) 24 (48.0)

Sex, n (%)

Male 30 (60.0)

Female 20 (40.0)
Disease duration, months, median (IQR) 36 (97)

New diagnosis (<2 years), n (%) 17 (34.0)
Disease behavior (Montreal), n (%)

Inflammatory (B1) 36 (72.0)

Stricturing (B2) 4 (8.0)

Penetrating (B3) 10 (20.0)
Perianal disease, n (%)

No 43 (86.0)
CDAI, median (IQR) 129.5 (159)
Clinical remission (CDAI <150), n (%) 28 (56.0)
CRP, mg/L, median (IQR) 3.6 (16.6)
History of ileocecal resection, n (%)

Yes 14 (28.0)

No 36 (72.0)
Treatment modality, n (%)

Anti-TNF or other biological monotherapy’ 5(10.0)

Biological therapy combined with azathioprine 11 (22.0)

Azathioprine monotherapy 15 (30.0)

Mesalazine*’ 20 (40.0)

Systemic corticosteroids? 4 (8.0)

Budesonide? 5(10.0)

Without medical treatment 4 (8.0)

CDALI, Crohn’s Disease Activity Index; CRP, C-reactive protein; IQR, interquartile range;
SD, standard deviation.

1 All patients in this group received anti-TNF agents, except for one patient who was treated
with ustekinumab.

2 Some patients received more than one treatment modality at the time of assessment.

3 The relatively frequent use of mesalazine reflects real-world prescribing practices during
the study period and should be interpreted descriptively.

of 70.0%. Color Doppler signal activity showed lower
sensitivity (42%) but higher specificity (93%), with an
accuracy of 56%.

Composite ultrasound activity scores and combined
ultrasonographic parameters were also evaluated using
predefined thresholds. For IBUS-SAS >25.2, SUS-CD
>1, BUSS >3.52, and combined BWT >3 mm + CDS
positivity, sensitivities were 48.1%, 69.4%, 41.7%, and
40.0%, respectively, while specificities were 86.6%,
78.6%, 92.9%, and 93.3%, respectively. The diagnostic
performance characteristics of all ultrasonographic
parameters and composite assessments are summarized
in Table 3.

ROC curve analysis demonstrated significant
discriminatory performance of bowel wall thickness for
detecting endoscopically active ileal disease, with an
area under the curve (AUC) of 0.793 (95% CI: 0.666—
0.919; p = 0.001) (Figure 1). Using the Youden index,
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the optimal BWT cut-off was 3.69 mm, corresponding
to a sensitivity of 61%, specificity of 93%, and accuracy
of 70%.

According to ileal SES-CD evaluations, 18 patients
had aphthous ileitis defined as ulcers <0.5 cm, while
18 had ileal ulcers >0.5 cm. When the mean bowel
wall thickness was compared between the two groups,
patients with ulcers >0.5 cm had significantly greater
wall thickness than those with aphthous ileitis (4.58 +
1.88 mm vs. 3.03 = 1.40 mm; p = 0.018). When bowel
wall thickness was categorized using the conventional
predefined threshold of >3 mm and the ROC-derived
threshold of >3.69 mm, a higher proportion of patients
with ulcers >0.5 cm had bowel wall thicknesses
above these thresholds compared with the aphthous
ileitis group; however, these differences did not reach
statistical significance. Doppler signal activity was
detected in 6 patients (33%) in the aphthous ileitis group
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Table 2. — Comparison of endoscopic disease activity according to
ultrasonographic findings.
Ultrasonographic finding SES-CD (mean + SD) p value
Bowel wall thickness
<3 mm 1.73 £1.86 <0.001
>3 mm 5.00 £2.98
Doppler activity
Absent 2.52+£2.31 <0.001
Present 5.56+3.30
SES-CD, Simple Endoscopic Score for Crohn’s Disease; SD, standard deviation.
Table 3. — Diagnostic performance of ultrasonographic parameters and ultrasound activity scores for detecting
endoscopically active ileal disease.
Ultrasonographic parameter Sensitivity (%) | Specificity (%) | Accuracy (%) | PPV (%) | NPV (%) | LR+ | LR—
BWT >3 mm 67.0 79.0 70.0 89.0 48.0 3.19 | 042
CDS >1 42.0 93.0 56.0 94.0 38.0 6.00 | 0.62
IBUS-SAS >25.2 48.1 86.6 60.0 89.4 42.1 3.59 | 0.60
BWT >3 mm + CDS >1 40.0 93.3 58.0 93.3 37.8 6.00 | 0.64
SUS-CD >1 69.4 78.6 72.0 89.3 50.0 324 | 0.39
BUSS >3.52 41.7 92.9 56.0 93.8 38.2 5.83 | 0.63
PPV, positive predictive value; NPV, negative predictive value; LR+, positive likelihood ratio; LR—, negative likelihood ratio; IBUS-
SAS, International Bowel Ultrasound-Segmental Activity Score; SUS-CD, Simple Ultrasound Score for Crohn’s Disease; BUSS, Bowel
Ultrasound Score; BWT, bowel wall thickness; CDS, Color Doppler signal.
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Figure 1. — Receiver operating characteristic (ROC) curve analysis
of bowel wall thickness for the detection of endoscopically active

ileal Crohn’s disease.

and 8 patients (44%) in the group with ulcers >0.5 cm,
with no statistically significant difference between the
groups (p = 0.732) (Table 4).

Associations between intestinal ultrasonography
findings and laboratory and clinical disease activity
were also evaluated. BWT >3 mm was more frequent
in patients with elevated CRP levels than in those with
lower CRP levels (72.4% vs. 46.4%), although this
difference did not reach statistical significance (p =

0.084). In contrast, color Doppler signal positivity was
significantly more common in patients with elevated
CRP levels (55.2% vs. 17.0%; p = 0.008).

No significant association was observed between
clinical disease activity assessed using CDAI and
ultrasonographic findings. The prevalence of increased
BWT (p = 0.516) and Doppler signal positivity (p =
0.122) did not differ significantly between patients with
clinical remission and those with active disease.
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Table 4. — Comparison of ultrasonographic findings between aphthous ileitis and ileal ulcers >0.5 cm.

Ultrasonographic parameter Aphthous ileitis Ileal ulcer >0.5 cm p value
(n=18) (n=18)

Mean bowel wall thickness (mm), mean = SD 3.03+1.40 4,58 +£1.88 0.018

Bowel wall thickness >3 mm, n (%) 9 (50%) 15 (83.3%) 0.077

Bowel wall thickness >3.69 mm, n (%) 8 (44%) 14 (78%) 0.087

Doppler activity positivity, n (%) 6 (33%) 8 (44%) 0.732

SD, standard deviation.

Among patients with endoscopically active ileal
disease, disease duration did not differ significantly
between patients with and without color Doppler signal
activity (56.4 = 54.9 months vs. 65.1 = 75.0 months;
p = 0.885). Likewise, although mean disease duration
was numerically longer in patients with BWT >3 mm
than in those with BWT <3 mm, this difference was
not statistically significant (73.0 = 71.1 vs. 39.5 +42.3
months; p = 0.143).

Inpatients with ahistory of ileocecal resection (n=14),
postoperative endoscopic disease activity was assessed
using the Rutgeerts score. IUS findings according to
postoperative endoscopic recurrence status (Rutgeerts
<i2 vs. >i2) are summarized in Supplementary Table 1.
In this subgroup, BWT >3 mm had a sensitivity of 70%,
specificity of 75%, and accuracy of 71% for detecting
endoscopic recurrence. The corresponding positive
and negative predictive values were 88% and 50%,
respectively. Ileal color Doppler signal activity showed
lower sensitivity (30%) but specificity of 100% and
accuracy of 50%, with positive and negative predictive
values of 100% and 36%, respectively.

Discussion

In this study, we assessed the diagnostic performance
of transabdominal intestinal ultrasonography for the
evaluation of ileal disease activity in Crohn’s disease,
using ileocolonoscopy as the reference standard. We
found that increased bowel wall thickness and color
Doppler signal activity were significantly associated
with endoscopic ileal disease activity. In addition to
these individual ultrasonographic parameters, IBUS-
SAS, SUS-CD, and BUSS were evaluated as composite
ultrasound activity scores. Overall, these scores showed
broadly comparable diagnostic patterns, with higher
specificity and positive predictive values than sensitivity.
The combined assessment of bowel wall thickness and
Doppler activity yielded comparable results, supporting
the ability of intestinal ultrasonography to reliably
identify endoscopic inflammation when ultrasonographic
activity is present. Taken together, these findings
underscore the value of intestinal ultrasonography as a
practical, noninvasive approach for identifying clinically
meaningful ileal disease activity.

The comparison of composite ultrasound scores with
simpler ultrasonographic approaches raises an important
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practical point. IBUS-SAS incorporates BWS and i-fat
in addition to BWT and CDS, and therefore provides
a broader representation of transmural inflammatory
activity (18). However, in our cohort, simpler BWT- and
CDS-based approaches showed diagnostic performance
comparable to IBUS-SAS. SUS-CD had the highest
sensitivity and overall accuracy among the composite
scores, whereas BUSS showed a high specificity and
high PPV profile similar to the combined BWT + CDS
assessment. This finding is also consistent with the
development of SUS-CD, in which BWS and fatty
wrapping were not retained in the final simplified score
because they did not add substantial diagnostic value
beyond BWT and CDS and showed lower interobserver
reliability (14). These observations suggest that in a
small ileal cohort, such as ours, BWT and CDS may
capture much of the clinically relevant ultrasound
information needed to identify endoscopically active
disease. Nevertheless, more comprehensive scores,
such as IBUS-SAS, may still have value when a
standardized and reproducible description of transmural
inflammatory activity is needed, particularly for follow-
up assessments and comparisons across studies.
Crohn’s disease is characterized by transmural
involvement of the intestinal wall, whereas endoscopic
assessment primarily reflects mucosal disease activity.
Although mucosal healing is currently regarded as
a central therapeutic target, it does not necessarily
indicate the resolution of inflammation across the
entire bowel wall (25). Previous studies have shown
that only a limited proportion of patients who achieve
endoscopic remission also exhibit normalization of
bowel wall thickness, highlighting the dissociation
between mucosal and transmural healing (8, 25). Yzet
et al. evaluated patients with endoscopic healing and
reported that [US-assessed transmural healing, defined
as bowel wall thickness <3 mm without color Doppler
signal, was associated with a lower risk of Crohn’s
disease relapse and CD-related hospitalization during
follow-up (26). Importantly, even among patients with
complete endoscopic healing, the absence of transmural
healing was associated with a higher risk of relapse,
suggesting that transmural assessment may provide
prognostic information beyond mucosal evaluation
(26). Conversely, a normal bowel wall appearance on
cross-sectional imaging does not reliably exclude the
presence of mild or superficial mucosal inflammation,
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particularly in the early stages of the disease or in
patients with aphthous ileitis (8, 22, 27).

This pathophysiological distinction provides an
important framework for interpreting our findings.
The incomplete concordance observed between
intestinal ultrasonography and endoscopic activity
should therefore not be interpreted as a shortcoming
of ultrasonography, but rather as a consequence of
the different inflammatory compartments evaluated
by these modalities. In routine clinical practice,
ileocolonoscopy and intestinal ultrasonography should
be viewed as complementary tools; endoscopy offers
detailed information on mucosal integrity, whereas
ultrasonography captures transmural inflammatory
changes, such as bowel wall thickening and mural
hypervascularity (10, 27). Accordingly, intestinal
ultrasonography may provide clinically relevant
information that is not fully captured by mucosal
assessment alone (25, 28).

Bowel wall thickness is one of the most consistently
reported ultrasonographic markers of inflammatory
activity in Crohn’s disease and has traditionally been
interpreted using predefined cut-off values. A threshold
of 3 mm has been widely adopted as an indicator of
pathological bowel wall thickening, providing a
reasonable balance between sensitivity and specificity
(15, 22). However, this dichotomous approach may
oversimplify the relationship between mural thickening
and inflammatory burden, particularly in patients with
mild or early disease.

Several investigators have suggested that bowel
wall thickness should be interpreted as a continuous
variable rather than solely as a categorical parameter.
Fraquelli et al. reported that increasing bowel wall
thickness was associated with progressively higher
specificity for active disease, whereas lower cut-off
values were associated with greater sensitivity but
reduced specificity (22). Similarly, Calabrese et al.
demonstrated that greater degrees of mural thickening
were more strongly associated with clinically relevant
and endoscopically active disease, supporting a graded
interpretation of bowel wall thickness (27).

In the present study, ROC analysis identified an
optimal bowel wall thickness cut-off of 3.69 mm for the
detection of endoscopically active ileal disease, yielding
higher specificity than the conventional 3 mm threshold,
albeit with reduced sensitivity. This finding aligns with
previous reports suggesting that higher cut-off values
may be more suitable when the aim is to confirm active
disease rather than exclude it (22, 27). In a recent point-
of-care intestinal ultrasound study, Nagarajan et al.
reported that a bowel wall thickness threshold of 3.4
mm achieved excellent diagnostic performance for
endoscopic disease activity, with both high sensitivity
and specificity and an area under the curve of 0.96 (29).
Together, these findings suggest that slightly higher cut-
off values may be preferable when the aim is to confirm
clinically relevant disease activity rather than exclude
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mild inflammation. However, because the 3.69-mm
threshold was derived from ROC analysis within our
cohort, it should be interpreted as an exploratory finding
and requires external validation before being applied in
routine clinical practice.

Importantly, the analysis of ileal ulcer morphology
further supports this concept. Patients with ulcers >0.5
cm exhibited significantly greater mean bowel wall
thickness than those with aphthous ileitis, whereas
categorical comparisons using fixed cut-off values did
not consistently reach statistical significance. These
observations indicate that subtle increases in mural
thickness may convey clinically meaningful information
that is not fully captured by dichotomous classification
alone.

The relatively lower sensitivities observed for several
ultrasound-based assessments, particularly IBUS-
SAS, BUSS, CDS, and the combined BWT + CDS
approach, compared with some previous studies may
be explained by several methodological and disease-
related factors. First, our analysis focused specifically
on ileal disease activity, whereas ultrasound activity
scores have generally been developed or evaluated
across multiple bowel segments rather than for isolated
ileal assessment alone (14, 18). Consistent with this
interpretation, Freitas et al. reported limited diagnostic
performance of segmental SUS-CD and IBUS-SAS
in terminal ileal Crohn’s disease, suggesting that the
performance of composite ultrasound scores may differ
when applied specifically to the terminal ileum (30).
Second, endoscopic activity in our study was defined
as an ileal SES-CD score of >3, which may include
patients with mild and superficial mucosal lesions.
Because IUS primarily reflects transmural inflammation,
aphthous or limited mucosal lesions may not always
be accompanied by sufficient bowel wall thickening,
Doppler hypervascularity, or other transmural changes
to meet ultrasound-based activity thresholds (25). This
interpretation is supported by our finding that patients
with ulcers >0.5 c¢cm had significantly greater bowel
wall thickness than those with aphthous ileitis. Third,
combined ultrasonographic definitions, such as BWT
+ CDS positivity, represent more stringent criteria
and are therefore expected to increase specificity and
positive predictive value at the expense of sensitivity
(10, 22). Accordingly, the diagnostic pattern observed
in our study suggests that [US may be more useful for
confirming clinically relevant ileal inflammation than
for excluding mild endoscopic activity.

When interpreting the IBUS-SAS results, the
selected cut-off should also be considered. We used the
previously reported threshold of >25.2 because it was
proposed in validation work comparing IBUS-SAS with
endoscopic disease activity (11). However, different
thresholds have been reported in subsequent cohorts;
for example, Qin et al. reported a higher threshold
of 46.5, indicating that the optimal cut-off may vary
according to patient population, reference standard,

Acta Gastro-Enterologica Belgica, Vol. 89, July-September 2026



472

disease severity, and the level of analysis (31). Therefore,
our IBUS-SAS findings should be interpreted in relation
to this predefined threshold rather than as supporting a
single cut-off applicable across all clinical settings.

In addition to the overall study population, the
diagnostic performance of intestinal ultrasonography was
evaluated in patients with a history of ileocecal resection.
In this postoperative subgroup, ultrasonographic findings
demonstrated a similar pattern, with increased bowel wall
thickness showing moderate sensitivity and specificity
for endoscopic recurrence, whereas color Doppler signal
positivity was highly specific but had limited sensitivity.
The high specificity and positive predictive value of
Doppler signal positivity indicate that ultrasonographic
evidence of transmural activity in this setting is highly
suggestive of clinically relevant postoperative disease
activity. These findings are consistent with those of
previous studies identifying bowel wall thickening
and Doppler hypervascularity as the most reliable
ultrasonographic markers of postoperative recurrence
(32, 33). Castiglione et al. reported that a bowel wall
thickness threshold of >5 mm achieved high sensitivity
and specificity for the detection of severe endoscopic
recurrence, defined by a Rutgeerts score of >3 (32).
Furthermore, review data have shown that intestinal
ultrasonography demonstrates good overall diagnostic
accuracy for recurrence, with a strong correlation with
ileocolonoscopy findings (27). Taken together, intestinal
ultrasonography appears to be a useful adjunctive tool
in the postoperative follow-up of Crohn’s disease,
facilitating the identification of patients who may benefit
from timely endoscopic reassessment.

In the present study, intestinal ultrasonography
findings were only weakly associated with clinical disease
activity assessed using the CDAI and serum CRP levels.
This observation is consistent with previous reports
demonstrating that clinical indices, laboratory markers,
and imaging modalities capture different dimensions
of disease activity in Crohn’s disease (33, 34). The
absence of a strong correlation between ultrasonographic
findings and CDAI or CRP should not be interpreted as
true discordance but rather as a reflection of the distinct
biological aspects assessed by these tools.

While CDAI and CRP primarily reflect systemic and
symptomatic manifestations of disease activity, intestinal
ultrasonography provides direct information on localized
transmural inflammatory changes in the intestine. In
this context, ultrasonographic assessment may offer
complementary insights, particularly in patients with
ongoing transmural inflammation despite low clinical
activity scores or normal laboratory parameters (10,
27). This complementary role underscores the value of
intestinal ultrasonography as an adjunct to, rather than
a replacement for, established clinical and laboratory
markers.

We also explored the relationship between
ultrasonographic findings and disease duration, an
aspect that has received limited attention in the existing
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literature (28). In our cohort, disease duration was not
significantly associated with bowel wall thickness or
Doppler signal activity. This suggests that transmural
inflammatory activity detected by ultrasonography may
be more closely related to current disease behavior than
to disease chronicity, supporting the role of intestinal
ultrasonography as a modality that reflects ongoing
inflammatory burden rather than cumulative disease
history (27).

Overall, the findings of this study highlight the
utility of intestinal ultrasonography as a complementary
tool in the assessment of ileal Crohn’s disease
activity. While ileocolonoscopy remains essential for
evaluating mucosal inflammation, ultrasonography
provides additional information on transmural disease
involvement in a noninvasive and easily repeatable
manner. In particular, increased bowel wall thickness
and Doppler signal activity were strongly associated
with endoscopic inflammation, supporting the role
of ultrasonography in identifying patients who may
benefit from close monitoring or targeted endoscopic
reassessment. These observations support the
integration of intestinal ultrasonography into routine
clinical practice alongside endoscopic evaluation.

The present study has several limitations. First,
this was a single-center observational study with a
relatively limited sample size, which may restrict the
generalizability of our findings. Second, intestinal
ultrasonography was performed by a single operator;
therefore, inter-observervariability couldnotbeassessed.
Additionally, intra-observer variability analysis was not
performed, which represents a further limitation of our
methodology. Because IUS was performed as part of
routine clinical care in this retrospective study, formal
blinding of the ultrasonographer to endoscopic findings
could not be fully ensured. Third, ileocolonoscopy was
used as the sole reference standard for disease activity,
and no direct comparison with other cross-sectional
imaging modalities such as magnetic resonance
enterography was performed. In addition, the cross-
sectional design of the study precludes the assessment of
longitudinal changes in ultrasonographic findings over
time or their predictive value for long-term outcomes.
Finally, although postoperative patients were included,
the number of resected cases was relatively small;
therefore, subgroup analyses should be interpreted with
caution.

Conclusion

In patients with ileal Crohn’s disease, both individual
ultrasonographic parameters and composite ultrasound
activity scores demonstrated high specificity despite
modest sensitivity, indicating that the presence of
ultrasonographic activity reliably reflects endoscopic
disease activity. These results suggest that intestinal
ultrasonography may be particularly useful for confirming
active disease and for follow-up assessment by providing
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noninvasive

information on inflammatory changes

related to bowel wall involvement, which complements
endoscopic evaluation.

References

. Bharadwaj S, Narula N, Tandon P, Yaghoobi M. Role of endoscopy in

inflammatory bowel disease. Gastroenterol Rep (Oxf). 2018;6(2):75-82.
doi:10.1093/gastro/goy006

. Shah SC, Colombel JF, Sands BE, Narula N. Systematic review with

meta-analysis: mucosal healing is associated with improved long-term
outcomes in Crohn’s disease. Aliment Pharmacol Ther. 2016;43(3):317-
333. doi:10.1111/apt.13475

. Kumar S, De Kock I, Blad W, Hare R, Pollok R, Taylor SA. Magnetic

Resonance Enterography and Intestinal Ultrasound for the Assessment and
Monitoring of Crohn’s Disease. J Crohns Colitis. 2024;18(9):1450-1463.
doi:10.1093/ecco-jcc/jjac042

. Jauregui-Amezaga A, Rimola J. Role of Intestinal Ultrasound in the

Management of Patients with Inflammatory Bowel Disease. Life (Basel).
2021;11(7):603. Published 2021 Jun 23. doi:10.3390/1ife11070603

. Krugliak Cleveland N, St-Pierre J, Kellar A, Rubin DT. Clinical

Application of Intestinal Ultrasound in Inflammatory Bowel Disease. Curr
Gastroenterol Rep. 2024;26(2):31-40. doi:10.1007/s11894-024-00915-x

. Ilvemark JFKF, Hansen T, Goodsall TM, et al. Defining Transabdominal

Intestinal Ultrasound Treatment Response and Remission in Inflammatory
Bowel Disease: Systematic Review and Expert Consensus Statement. J
Crohns Colitis. 2022;16(4):554-580. doi:10.1093/ecco-jcc/jjab173

. Nancey S, Fumery M, Faure M, et al. Use of imaging modalities

for decision-making in inflammatory bowel disease. Therap Adv
Gastroenterol. 2023;16:17562848231151293. Published 2023 Feb 9.
doi:10.1177/17562848231151293

. Rimola J, Torres J, Kumar S, Taylor SA, Kucharzik T. Recent

advances in clinical practice: advances in cross-sectional imaging in
inflammatory bowel disease. Gut. 2022;71(12):2587-2597. doi:10.1136/
gutjnl-2021-326562

. Bhatnagar G, Rodriguez-Justo M, Higginson A, et al. Inflammation and

fibrosis in Crohn’s disease: location-matched histological correlation of
small bowel ultrasound features. Abdom Radiol (NY). 2021;46(1):144-
155. doi:10.1007/s00261-020-02603-6

. Allocca M, Fiorino G, Bonifacio C, et al. Comparative Accuracy of Bowel

Ultrasound Versus Magnetic Resonance Enterography in Combination
With Colonoscopy in Assessing Crohn’s Disease and Guiding Clinical
Decision-making. J Crohns Colitis. 2018;12(11):1280-1287. doi:10.1093/
ecco-jcc/jjy093

Dragoni G, Gottin M, Innocenti T, et al. Correlation of Ultrasound Scores
with Endoscopic Activity in Crohn’s Disease: A Prospective Exploratory
Study. J Crohns Colitis. 2023;17(9):1387-1394. doi:10.1093/ecco-jcc/
jjad068

. Dolinger MT, Aronskyy I, Kellar A, et al. Determining the Accuracy of

Intestinal Ultrasound Scores as a Prescreening Tool in Crohn’s Disease
Clinical Trials. Am J Gastroenterol. 2024;119(5):930-936. doi:10.14309/
2jg.0000000000002632

. Kumar S, Parry T, Mallett S, et al. Diagnostic performance of sonographic

activity scores for adult terminal ileal Crohn’s disease compared to
magnetic resonance and histological reference standards: experience from
the METRIC trial. Eur Radiol. 2024;34(1):455-464. doi:10.1007/s00330-
023-09958-6

Savik F, Eriksen R, Eide GE, Gilja OH, Nylund K. Development and
Validation of a Simple Ultrasound Activity Score for Crohn’s Disease. J
Crohns Colitis. 2021;15(1):115-124. doi:10.1093/ecco-jcc/jjaall2

Sagami S, Kobayashi T, Miyatani Y, et al. Accuracy of Ultrasound for
Evaluation of Colorectal Segments in Patients With Inflammatory Bowel
Diseases: A Systematic Review and Meta-analysis. Clin Gastroenterol
Hepatol. 2021;19(5):908-921.¢6. doi:10.1016/j.cgh.2020.07.067

Wang L, Xu C, Zhang Y, Jiang W, Ma J, Zhang H. External validation
and comparison of simple ultrasound activity score and international
bowel ultrasound segmental activity score for Crohn’s disease. Scand J
Gastroenterol. 2023;58(8):883-889. doi:10.1080/00365521.2023.2181038

20.

21.

22.

23.

24,

25.

26.

28.

29.

30.

31.

32.

33.

34.

473

Ripollés T, Poza J, Suarez Ferrer C, Martinez-Pérez MJ, Martin-Algibez
A, de Las Heras Paez B. Evaluation of Crohn’s Disease Activity:
Development of an Ultrasound Score in a Multicenter Study. Inflamm
Bowel Dis. 2021;27(1):145-154. doi:10.1093/ibd/izaal34

Novak KL, Nylund K, Maaser C, et al. Expert Consensus on Optimal
Acquisition and Development of the International Bowel Ultrasound
Segmental Activity Score [IBUS-SAS]: A Reliability and Inter-rater
Variability Study on Intestinal Ultrasonography in Crohn’s Disease. J
Crohns Colitis. 2021;15(4):609-616. doi:10.1093/ecco-jcc/jjaa216
Daperno M, D’Haens G, Van Assche G, et al. Development and validation
of a new, simplified endoscopic activity score for Crohn’s disease: the
SES-CD. Gastrointest Endosc. 2004;60(4):505-512. doi:10.1016/s0016-
5107(04)01878-4

Rutgeerts P, Geboes K, Vantrappen G, Beyls J, Kerremans R, Hiele
M. Predictability of the postoperative course of Crohn’s disease.
Gastroenterology. 1990;99(4):956-963. doi:10.1016/0016-5085(90)90613-
6

Allocca M, Craviotto V, Dell’Avalle C, et al. Bowel ultrasound score is
accurate in assessing response to therapy in patients with Crohn’s disease.
Aliment Pharmacol Ther. 2022;55(4):446-454. doi:10.1111/apt.16700
Fraquelli M, Colli A, Casazza G, et al. Role of US in detection of Crohn
disease: meta-analysis. Radiology. 2005;236(1):95-101. doi:10.1148/
radiol.2361040799

Satsangi J, Silverberg MS, Vermeire S, Colombel JF. The Montreal
classification of inflammatory bowel disease: controversies, consensus,
and implications. Gut. 2006;55(6):749-753. doi:10.1136/gut.2005.082909
Best WR, Becktel JM, Singleton JW, Kern F Jr. Development of a Crohn’s
disease activity index. National Cooperative Crohn’s Disease Study.
Gastroenterology. 1976;70(3):439-444.

Wilkens R, Novak KL, Maaser C, Panaccione R, Kucharzik T.
Relevance of monitoring transmural disease activity in patients with
Crohn’s disease: current status and future perspectives. Therap Adv
Gastroenterol. 2021;14:17562848211006672. Published 2021 Apr 16.
doi:10.1177/17562848211006672

Yzet C, Plancke A, Brazier F, Grados L, Derval E, Ghilardi L, et al.
Intestinal Ultrasound Transmural Healing Was Associated With Improved
Long-Term Outcomes Among Patients With Endoscopic Remission:
Results of a Prospective Study. Aliment Pharmacol Ther. 2026;63(7):992-
999. doi:10.1111/apt.70479.

. Calabrese E, Maaser C, Zorzi F, Kannengiesser K, Hanauer SB, Bruining

DH, et al. Bowel Ultrasonography in the Management of Crohn’s
Disease. A Review with Recommendations of an International Panel
of Experts. Inflamm Bowel Dis. 2016;22(5):1168-1183. doi:10.1097/
MIB.0000000000000706.

Drews BH, Barth TF, Hinle MM, et al. Comparison of sonographically
measured bowel wall vascularity, histology, and disease activity in Crohn’s
disease. Eur Radiol. 2009;19(6):1379-1386. doi:10.1007/s00330-008-
1290-5

Nagarajan KV, Krishnamurthy AN, Yelsangikar A, et al. Correlation of
Point-of-Care Intestinal Ultrasound With Endoscopic Disease Severity in
Crohn’s Disease. JGH Open. 2025;9(8):¢70231. Published 2025 Jul 31.
doi:10.1002/jgh3.70231

Freitas M, de Castro FD, Macedo Silva V, et al. Ultrasonographic scores
for ileal Crohn’s disease assessment: Better, worse or the same as contrast-
enhanced ultrasound?. BMC Gastroenterol. 2022;22(1):252. Published
2022 May 18. doi:10.1186/s12876-022-02326-6

Qin J, Ma L, Zhou MY, Li WB, Xiao MS, Niu ZH, et al. Determining
the Accuracy and Interobserver Agreement of 4 Ultrasound Scores in
Crohn’s Disease Assessment: Correlations With Endoscopy. Clin Transl
Gastroenterol. 2025;16(4):¢00812. doi:10.14309/ctg.0000000000000812.
Castiglione F, Bucci L, Pesce G, et al. Oral contrast-enhanced sonography
for the diagnosis and grading of postsurgical recurrence of Crohn’s disease.
Inflamm Bowel Dis. 2008;14(9):1240-1245. doi:10.1002/ibd.20469
Mihai VC, Gheorghe L, Rezus II, et al. Novelties and Perspectives of
Intestinal Ultrasound in the Personalised Management of Patients with
Inflammatory Bowel Diseases-A Systematic Review. Diagnostics (Basel).
2024;14(8):812. Published 2024 Apr 12. doi:10.3390/diagnostics 14080812
Maaser C, Maconi G, Kucharzik T, Allocca M. Ultrasonography in
inflammatory bowel disease - So far we are? United European Gastroenterol
J.2022;10(2):225-232. doi:10.1002/ueg2.12196.

Acta Gastro-Enterologica Belgica, Vol. 89, July-September 2026



