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ABSTRACT

Background and aim: accurate diagnosis of inflammatory bowel disease (IBD) are mandatory steps for a good outcome.
Its standard method for assessment is still ileo-colonoscopy; however, many recent reports described the utility of intestinal
ultrasound (1US) and duplex US in evaluating patients with IBD. We aimed to explore the efficacy of 1US and duplex US
for the accurate diagnosis and follow-up of patients with IBD.

Methods: The current study was performed for >2 years between September 2018 and September 2020. A total of 60
patients diagnosed with IBD and 51 control subjects who underwent colonoscopy for reasons other than IBD were included.
The two groups underwent colonoscopy and IUS with Doppler for the diagnosis and follow-up of patients after 1 year of
treatment. Results: The mean age of patients with IBD was 29.23 + 5.62 years, and 56.7% of them were females. The
majority of them presented with abdominal pain, diarrhea, and bleeding per rectum. Patients with IBD had significantly
lower hemoglobin, iron, and ferritin levels with higher C-reactive protein and erythrocyte sedimentation rates. The IBD
group had significantly higher wall thickness (WT), peak systolic velocity (PSV), and end-diastolic velocity (EDV). After
1 year, the IBD group showed a significant reduction of WT and PSV. The PSV had the best diagnostic performance for
the prediction of histological and clinical responses. Conclusion: IUS and duplex US are considered rapid noninvasive tools
for the assessment of patients with IBD. Moreover, they can be used to predict histological and clinical responses.
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INTRODUCTION The study protocol was approved by the Medical

Inflammatory bowel disease (IBD), such as Cohn’s Ethics Committee of the Institutional Review Board of
disease (CD) and ulcerative colitis (UC), are chronic, the Faculty of Medicine, Assiut University, Egypt (IRB
relapsing, and destructive inflammatory illnesses of the No. 17200162). Informed written consent was obtained
gastrointestinal tract that can cause organ damage and from all participants according to the declaration of
affect the quality of life. Although there is no one Helsinki. The study protocol is registered at
reference standard for diagnosing IBD, ileo-colonoscopy Clinicaltrails.gov ID: NCT03445624.

with histologic examination is considered the most
common approach. lleo-colonoscopy, on the other hand,
is an invasive and costly technique that patients dislike®2,

Intestinal ultrasound (IUS) with Doppler on
superior mesenteric artery has become more widely
available, and technical developments in the ultrasound
equipment, as well as enhanced operator competence,
have boosted the role of IUS with Doppler in assessing
gastrointestinal tract illnesses in recent years. IUS is a
noninvasive, low-cost, and easily repeatable technology
that has been employed in various settings ©.

IUS with Doppler US is included as a diagnostic
modality in the European Crohn’s and Colitis
Organization guidelines for the management of IBD, for
the initial evaluation of patients with clinically suspected
IBD, for monitoring the therapeutic response, for
suspicion of relapse, and for the detection of
complications ®. In this study, we aimed to assess the
accuracy of IUS and duplex US in the diagnosis of

patients with IBD. After 4-h of fastin .
- g, the procedure was performed in
MATERIALS AND METHODS the supine position. To avoid the interobserver variability,
Ethical approval the procedure was performed by a radiologist and an
endoscopist, both of them were blinded with the results of

Study participants

A case-control study was conducted at the IBD Clinic
from September 2018 to September 2020. Sixty patients
with IBD based on laboratory, colonoscopy, and
histopathological data were enrolled (16 patients had
colonic CD and 44 patients had UC). In addition, the
control group (n = 51) was included for comparative
purposes. Patients in this group were subjected to
colonoscopy, but for purposes other than IBD.

All patients were subjected to full history evaluation
in addition to baseline laboratory parameters such as
complete blood picture, liver and kidney function tests, C-
reactive protein (CRP), and erythrocyte sedimentation
rate (ESR). Based on standard guidelines, the
management plan was performed.

Based on the results of colonoscopy and
histopathology, participants were subgrouped into the
study (those with confirmed IBD) and control groups.
Intestinal and duplex ultrasound
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IUS and colonoscopy. 1US and the duplex US (superior
mesenteric artery) were performed using (GE logiq p6
Ultrasound machine).using convex (1-7 MHz) and linear
(1-15 MHz) probes.

Follow-up

The study group was followed up at IBD Clinic monthly
to assess therapy, response, and side effects of therapy,
whereas the control group was followed up individually
based on their diagnoses. The study group was subjected
to IUS and duplex after 1 year.
Statistical analysis

Data were collected and analyzed using Statistical
Package for the Social Sciences (version 20, IBM, and
Armonk, New York). Continuous data were expressed in
the form of mean * standard deviation (SD) and range,
whereas nominal data were expressed in the form of
frequency (percentage).

Chi2-test was used to compare the nominal data of
different groups, whereas the McNemar test was used to
compare the proportion difference between groups on
follow-up.

The Mann-Whitney test was used to compare
continuous data of different groups. Wilcoxon sign test

compared baseline and follow-up data in the same group.
K degree to calculate degree of agreement between
colonoscopy and intestinal US.

Diagnostic accuracy of ultrasound in the diagnosis
of IBD and prediction of clinical and histological
responses was assessed by receiver operating
characteristics curve. The confidence level was kept at
95%; hence, P-value was considered significant if <0.05.
RESULTS
Baseline characteristics and laboratory data among the
study population

There was no significant difference between the 2
groups as regard age and sex. Among the 60 patients in
the study group, 44 (73.3%) had UC, and 22/44 (50%) of
them were on biological therapy.

At baseline, the study group had significantly lower
hemoglobin(10.08 + 1.9 vs. 11.39 + 1.7: P0.37), serum
iron(45.67 + 3.8 vs. 93.80 + 4.6: P < 0.001), and ferritin
levels (57.27 £ 5.9 vs. 99.49 + 4.7: P < 0.001). Patients
with IBD had significantly higher CRP level (29.87 £ 4.5
vs.9.90 + 1.3: P < 0.001) and ESR (36.82 £ 3.9 vs. 10.22
+5.5: P <0.001). Other laboratory data are summarized
in Table 1.

Table 1: Baseline characteristics and laboratory data among the study population

Control group (n=51) Study group (n=60) P value
Age (years) 27.45 +£5.40 29.23 £5.62 0.09
Range 16-36 14-45
Sex 0.66
Male 20 (39.2%) 26 (43.3%)
Female 31 (60.8%) 34 (56.7%)
Presentation <0.001
Bleeding per-rectum 2 (3.9%) 23 (28.3%)
Diarrhea 10(19.6%) 30 (50%)
Abdominal pain 20 (39.2%) 50 (83.3%)
Extra-intestinal manifestations 0 3 (5%)
Weight loss for investigations 8 (15.7%) 0
Constipation 7 (13.7%) 0
Screening for CRC 4 (7.8%) 0
Hemaoglobin (g/dl) 11.39+ 1.7 10.08 + 1.9 0.37
MPV (fl) 8.56 + 1.4 7.70+15 0.002
Monocytes (10%ul) 0.68+0.1 0.70+0.1 0.29
Leucocytes (10%ul) 7.63+0.3 712+1.4 0.21
Platelets (10%/ul) 351.41+£7.9 31257+ 95 0.34
Serum iron (mcg/dl) 93.80 £ 4.6 4567+38 <0.001
Serum ferritin (ng/ml) 99.49 + 4.7 57.27+5.9 <0.001
Serum albumin (mg/dl) 38.29+2.7 35.67+6.1 0.006
15 hour ESR (ml) 10.22+2.5 36.82+39 <0.001
2" hour ESR (ml) 13.53+1.34 4735+43  <0.001
CRP (mg/dl) 9.90+1.3 29.87+45 <0.001

Data were expressed as mean (SD), range, and frequency (percentage), n: number, CRC: colorectal cancer; IDA: iron-deficiency anemia; 1BD:
inflammatory bowel disease; CRP: C-reactive protein; MPV: mean platelets volume; ESR: erythrocyte sedimentation rate

Colonoscopy and ultrasound findings among the study population
At baseline, pancolitis, left-sided colitis, and rectosigmoid lesion were found in 8, 26, and 26 patients,
respectively; however, a marked improvement in patients was observed at post-therapy, where 68.3% of patients had normal
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colonoscopy findings. At baseline, the control group had normal findings except for only two cases who had a rectosigmoid
lesion (angiodysplasia), no follow-up colonoscopy was performed in this group.

Patients with IBD had significantly higher wall thickness (WT) ( 5.67 + 1.49 vs. 2.36 £+ 0.50; P < 0.001), peak systolic
velocity (110.52 + 30.59 vs. 95.09 + 15.20; P < 0.001), and end-diastolic velocity (26.68 + 6.0)°. Moreover, resistive Index
(RI) was significantly higher among the study group (0.72 + 0.06 vs. 0.64 + 0.11; P< 0.001). Other data are summarized in
Table 2.

Table 2: Baseline US and duplex data among study population
Control group (n=51) Study group (n=60) P value

Wall thickness (mm) 2.36 + 0.50 5.67 +1.49 <0.001
PSV (cm/s) 95.09 + 15.20 110.52 + 30.59 < 0.001
EDV (cm/s) 21.62 +2.09 26.68 + 6.06 < 0.001
Resistive index 0.64+0.11 0.72 £ 0.06 <0.001
Liver 0.29
Normal 41 (80.4%) 49 (81.7%)
Enlarged 2 (3.9%) 0
Fatty liver 8 (15.7%) 11 (19.3%)
Other sonographic findings
Multiple LNs 3 (5%)
Minimal IPF 3 (5%)
Baseline colonoscopy <0.001
Normal 49 (96.1%) 0
Pancolitis 0 (0%) 8 (13.3%)
Left-sided colitis 0 (0%) 26 (43.3%)
Rectosigmoiditis 2 (3.9%) 26 (43.3%)
Follow up colonoscopy
Normal 41 (68.3%)
Pancolitis 3 (5%)
Left-sided colitis 6 (10%)
Rectosigmoiditis 10 (16.7%)

Data were expressed as mean (SD), and frequency (percentage), n: number, PSV: peak systolic velocity; EDV: end-diastolic velocity;
US: ultrasound; LNs: lymph nodes; IPF: intraperitoneal free fluid

Baseline and follow-up radiological findings among the study group

Follow-up US and duplex revealed that EDV and RI showed no significant changes during follow-up; however, a significant
reduction was observed in WT (3.69 + 1.38 vs. 5.67 £ 1.49 (mm); P < 0.001) and PSV (100.08 * 28.34 vs. 110.52 + 30.59
(cm/s); P=0.03) during follow-up, as shown in Table 3.

Table 3: Baseline and follow up US and duplex data among study population

Baseline (n=60) Follow up (n= 60) P value
Wall thickness (mm) 5.67 £1.49 3.69+1.38 <0.001
PSV (cm/s) 110.52 + 30.59 100.08 + 28.34 0.03
EDV (cm/s) 26.68 + 6.06 26.03 + 6.93 0.43
Resistive index 0.72 £ 0.06 0.68 = 0.09 0.07
US diagnosis <0.001
Normal 3 (5%) 40 (66.7%)
Pancolitis 8 (13.3%) 3 (5%)
Left-sided colitis 25 (41.7%) 6 (10%)
Rectosigmoiditis 24 (40%) 11 (18.3%)

Data were expressed as mean (SD), and frequency (percentage), n: number, PSV: peak systolic velocity; EDV: end-diastolic velocity;
US: ultrasound
Diagnostic accuracy of baseline US and duplex findings in the diagnosis of IBD and the prediction of clinical and
histological responses

Baseline intestinal WT at a cut-off of >3 mm had the best area under the curve (0.94) for diagnosis of IBD in
comparison to PSV, EDV, and RI with 88% sensitivity and 100% specificity (Table 4).
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Table 4: Diagnostic accuracy of US and duplex findings in diagnosis of IBD

Indices Wall thickness PSV EDV RI
Sensitivity 88% 73% 60% 50%
Specificity 100% 75% 94% 84%

PPV 100% 77% 92% 79%

NPV 88% 70.4% 67% 59%

Cut off point >3 mm > 102 > 24 >0.72
AUC 0.94 0.70 0.81 0.67

P value <0.001 <0.001 <0.001 <0.001

PSV: peak systolic velocity; EDV: end-diastolic velocity; US: ultrasound; RI: resistive index, PPV: positive predictive values; NPV:
negative predictive value; AUC: Area under the ROC curve

Follow-up PSV at a cut-off of <135 cm/s had the best area under the curve (0.94) for the prediction of clinical response in
comparison to WT, EDV, and RI with 98% sensitivity and 91% specificity (Table 5).

Table 5: Accuracy of follow up US and duplex in prediction of clinical response

Indices Wall thickness PSV EDV RI
Sensitivity 89% 98% 90% 89.8%
Specificity 55% 91% 90.9% 90.9%

PPV 89.4% 98% 98% 97.8%

NPV 50% 91% 66.7% 66.7%

Cut off point <3 < 135 cm/s <29 cm/s <0.75
AUC 0.71 0.94 0.84 0.90

P value <0.001 <0.001 <0.001 <0.001

PSV: peak systolic velocity; EDV: end-diastolic velocity; US: ultrasound; RI: resistive index; PPV: positive predictive values; NPV:
negative predictive value; AUC: Area under the ROC curve

Follow-up PSV at a cut-off of <132 cm/s had the best area under the curve (0.94) for the prediction of histological responses
in comparison to WT, EDV, and RI with 98% sensitivity and 92% specificity (Table 6).

Table 6: Accuracy of follow up US and duplex in prediction of histological response

Indices Wall thickness PSV EDV RI
Sensitivity 87% 98% 92% 91.7%
Specificity 50% 92% 92% 91.7%

PPV 87% 98% 99% 97.8%

NPV 50% 92% 73.3% 73.3%

Cut off point <4 mm <132 cm/s <29 cm/s <0.75
AUC 0.68 0.95 0.86 0.90

P value <0.001 <0.001 <0.001 <0.001

P-value was significant if <0.05. PSV: peak systolic velocity; EDV: end-diastolic velocity; US: ultrasound; RI: resistive index PPV:
positive predictive values; NPV: negative predictive value; AUC: Area under the ROC curve

US diagnosis of patients with IBD showed a strong degree of agreement with colonoscopy at baseline (K degree = 0.79)
and follow-up (K degree = 0.92). Illlustrated cases are shown in Figures 1 and 2.
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Figure 1: A 21-year-old female patient presented with abdominal pain and diarrhea for 1 month.

A) Colonoscopic appearance of the descending colon cobblestone.

B, C) Intestinal US: showing colonic wall thickness of 8 ml with hypervascularity.

D) Duplex US (superior mesenteric artery): peak systolic velocity was 135 and resistive index was .8.

. . '

TSt mas

Figure1 C
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Figure 1 D

Figure 2: A 33-year-old male patient presented with bleeding per rectum diagnosed as ulcerative colitis on
conventional treatment.

A) Baseline colonoscopy was severe hyperemic edematous mucosa with small pseudopolyp.

B) Baseline intestinal ultrasound shows intestinal wall thickness was 5 mm.

C) Follow-up colonoscopy with complete healing of the lesions.

D) Follow-up intestinal ultrasound shows decreased intestinal wall thickness (3 mm).

Figure 2 A

1996
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Figure 2D
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DISCUSSION

Assessment of intestinal inflammatory lesions through
imaging techniques is essential for the management of
patients with IBD. Characterization of disease location
and extension at the time of diagnosis are required to
establish a proper management plan. Imaging techniques
are also the accepted reference for the detection of
complications, including strictures and penetrating
lesions such as fistulas and abscesses®. Recently, there
are great advances in the utility of IUS and yet there is
paucity in its use in patients with IBD®.

Sixty patients with confirmed IBD based on
clinical, laboratory, radiological, and histopathological
data, in addition to another 51 participants, were enrolled.
The mean age of those patients with IBD was 29.23 + 5.62
years, and 56.7% of them were females. This result was
consistent with other previous studies with regard to
female predominance in IBD™. However, several
epidemiologic studies from Asian countries revealed a
male predominance of IBD®. Based on geographic
distribution, sex predominance was reported in the case of
CD where female predominance was observed in Western
countries, but the opposite was found in Asian patients .,

Extra-intestinal manifestations were present in
only three patients with CD. In line with the current study,
previously reported studies revealed that the UC group
typically has rectal bleeding, diarrhea, and tenesmus,
whereas the CD group typically presents with diarrhea,
abdominal pain, and weight loss®.. The frequency of
extra-intestinal manifestations in this study was relatively
low (5%), and this could be explained by the fairly small
sample size. This percentage was consistent with the
reported percentage of such manifestations (6-47%)®19,

Baseline laboratory data in this study revealed
that patients with IBD had significantly lower
hemoglobin, serum iron, and ferritin levels, indicating
that patients with IBD usually suffered from iron-
deficiency anemia. This result agreed with many
previously reported studies that found the prevalence of
anemia in IBD was between 31% and 68%(2%3,,
Therefore, it is recommended that anemia management
should be considered for every patient with a hemoglobin
level lower than the normal limits and iron substitution is
recommended for every patient with anemia who has iron
deficiency. However, treating only the underlying disease
cannot sufficiently correct the hemoglobin levels®¥,

The serum albumin levels were found to be lower
in patients with IBD. This could be explained by low
intake, reduced absorption, and/or low synthesis by the
liver as previously reported®®,

Among the studied patients with IBD, 11(19.3%)
had fatty liver, a finding consistent with that of the
previously reported studies that revealed the prevalence
of fatty liver and metabolic associated non-alcoholic fatty
liver disease (NAFLD) among patients with IBD was

1998

between 8% and 40%. This is secondary to the absence of
a standard diagnostic method for fatty liver and
NAFLD¢1) Due to intestinal disease-related disorders
that share physiopathologic aspects with NAFLD, such as
persistent relapsing inflammation and immunological
activation, potentially hepatotoxic medications, surgery,
and parenteral feeding, patients with IBD may be at a
higher risk of NAFLD. Furthermore, changes in the gut
microbiota have been associated with disease severity in
both IBD and NAFLD, suggesting a possible pathogenic
relationship between the two disorders®®,

The current study found a considerable degree of
agreement between colonoscopy and 1US with regard to
the diagnosis of IBD either at baseline or during follow-
up. Moreover, patients with IBD had significantly higher
bowel WT (5.67 + 1.49 vs. 2.36 + 0.50 (mm); P < 0.001)
in comparison to the control group. It was found that a
cut-off of >3 mm, baseline intestinal WT had 88%
sensitivity and 100% specificity in the diagnosis of IBD
with the area under the curve of 0.94.

Similar results were found in a subsequent
systematic review, which revealed 88% sensitivity and
97% specificity. They described the diagnostic accuracy
of IUS in the diagnosis of CD and the evaluation of
disease activity®®. Previously, WT of 3 and 4 mm had
88% and 75% sensitivity, respectively, in patients with
CD. Therefore, it is better to use 4 mm as a cut-off to avoid
false positives@,

We found that patients with IBD had significantly
higher baseline PSV, EDV, and RI. At the cut-off of >24
cm/s, baseline end-diastolic velocity had 60% sensitivity
and 94% specificity in the diagnosis of IBD with an area
under the curve of 0.81. At the cut-off of >0.72, the
baseline resistive index had 50% sensitivity and 84%
specificity in the diagnosis of IBD with an area under the
curve of 0.67.

Increased vascularity has been observed to be
associated with disease activity. Color Doppler imaging is
a useful tool for detecting vascular signals from blood
vessels in the gut wall as a qualitative indicator of current
inflammation. IBD is known to cause neovascularization
in the affected areas®!?),

The current study revealed that EDV and RI
showed no significant changes during follow-up;
however, a significant reduction was observed in WT and
PSV during follow-up. For the prediction of clinical and
histological response, follow-up PSV had the best
diagnostic performance comparable to other parameters.
At the cut-off of 3-5 mm of WT, IUS had a sensitivity of
77%-81% and specificity of 86-95% in the detection of
postoperative recurrence in CD®, whereas, at 7 mm, it
could assess the need for surgery in CD with 88%
sensitivity and 78% specificity®?. In a recent study,
duplex performance was found to have good sensitivity,
positive predictive value, and accuracy levels (>80%) in
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individuals with clinically active CD, when WT and
hyperemia were considered®). Patients with clinical
remission were found to have full WT than those who
failed to achieve clinical remission®),

CONCLUSION

IUS in addition to duplex findings is found to be

effective noninvasive rapid tools for the assessment of
patients with IBD with good accuracy in predicting the
activity, location of the lesion, and histological and
clinical responses.
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