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Abstract
Crohn’s disease (CD) is a chronic relapsing granulomatous disease. It is characterized by trans-
mural inflammation of bowel walls and by skip lesions that may be found in any segment of the
gastro-intestinal (GI) tract. Radiological imaging plays a major role in the initial diagnosis of
small bowel Crohn’s disease (CD) and assessing the response to medical therapy or planning for

surgery, including the staging of complications of the disease.

This study assessed the value of diffusion weighted imaging (DWI) versus bowel sonography
(BS) obtained before and after treatment in detecting of healing in patients with CD treated with
biological treatment (anti-TNF). This study was conducted on 38 patients with active Crohn's
disease who received anti-TNF in IBD clinic in Ain Shams University Hospitals. After obtaining
informed consent from each patient, all were subjected to clinical assessment, laboratory inves-
tigations, bowel ultrasound and DWI before and after biological treatment

BS results showed that the DWI accuracy in assessment of disease response after biologics
was 89.5% with 87.5% sensitivity & 100% specificity. Cut-off value of apparent diffusion coeft-
icient (ADC) to detect bowel segment activity was <=1.6 with sensitivity 90% & specificity
85.71%
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Introduction

Crohn’s disease is one of the inflammatory
bowel diseases that may lead to progressive
bowel damage and disability (Torres et al,
2017). Therapeutic lines to treat Crohn’s di-
sease (CD) was changed over years, shifting
from simply resolving disease symptoms to
profound bowel healing, with the aim not
only treating short-term complications, but
also affecting the natural history of disease
by decreasing important outcomes (Pagnini
et al, 2019). Bowel sonography (BS) is an
easy, non-invasive, well tolerated and radiat-
ion-free imaging alternative in some situati-
ons (Pita and Magro, 2018). BS has a major
role in diagnosing and monitoring many gas-
tro-enterolic diseases with increasing IBD
management (Kucharzik et al, 2017).

Nowadays DWI is routinely used in seve-
ral clinical scenarios, besides still being a

hot research topic: it was tested in almost all
cancers to differentiate malignant from be-
nign lesions, to distinguish different malig-
nant histotypes or tumor grades, to predict
and/or assess treatment responses, and to
identify residual or recurrent tumors in fol-
low-up examinations (Messina et al, 2020).
It was a specialized MRI technique to map
wter diffusion of molecules in biological tis-
sues (Choi et al, 2016). DWI takes less time
than other modalities and can be performed
without intravenous contrast; a major adva-
ntage to avoid the risk of gadolinium-based
contrast agents (Thomsen et al, 2013).

This study aimed to assess diffusion weighted
imaging (DWI) value versus bowel sonography
(BS) before and after biological treatment (anti-
TNF) to detect healing in patients with CD.

Materials and Methods

Study population: The study was longitu-

dinal observation study of 38 patients with



Crohn’s disease selected from IBD Center,
Ain Shams University Hospitals from June
2020 to June 2022. All were adults over 18
years old and accepted to receive biological
treatment. Patients were excluded if they
had severe or uncontrolled comorbidities,
such as cardiorespiratory, liver, kidney dise-
ases, cardiac pacemaker, or implanted metal
objects that prohibited use of DWI.

Ethical approval: The study was approved
by Ain Shams University, Faculty of Medic-
ine, Research Ethics Committee Institutional
Review Board, No. FWA000017585. All pa-
rticipants after explaining the study aim, sig-
ned an informed consent before taking any
data or doing any investigations.

All patients reported a complete medical
history, underwent thorough clinical exami-
nations and laboratory investigations, incl-
uding complete blood count, C-reactive pro-
tein, erythrocyte sedimentation rate, Stool
analysis and culture.

All patients were subjected to colonoscopy
up to terminal ileum with biopsies for histo-
pathological confirmation, DWI and BS bef-
ore biological treatment and 6 weeks later.
The clinical activity score for Crohn's disea-
se was assessed by the Crohn’s Disease Act-
ivity Index (CDAI). Remission of Crohn's
disease was defined as CDAI below 150, but
severe one was defined as greater than 450
(Freeman, 2008).

Bowel ultrasound: BS was done by a well-
trained examiner who had performed several
general ultrasound examinations. He was
trained for several BS exams at Sacco Hosp-
ital, Italy under supervision of an ultrasound
gastroenterologist specialist.

BS assessment was reviewed blindly com-
pared to DWI before biological treatment
and 6 weeks later.

Patients were examined by BS after being
fasting for six-hour period to minimize in-
testinal air contents by ultrasound machine
(Toshiba Xeric, Japan).A low frequency
curved-array transducer (2.5-4.5 MHz) was
used to determine any pathological bowel
motility or distension and any Para-intestinal
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findings, such as abscesses, in all abdominal
quadrants. A high-frequency linear-array tr-
ansducer (6.0-8.4 MHz) was used for bowel
wall examination starting with the proximal
colon followed with the distal one and then
the small bowel. The BS examination asses-
sed criteria of inflammation as wall thickn-
ess, vascularization of the wall using color
doppler, with classification into: Grade 0: no
vascularization, grade 1: barely visible vasc-
ularization, grade 2: moderately visible vas-
cularization), and grade 3: markedly visible
vascularization with abscess or fistulas.

DWI: On the DWI day, patients were fast-
ing for at least 4hr and 1000mL of PEG sol-
ution (FORTRAN’s, diluted manitol...etc.)
was given 45 to 60 minutes before to achi-
eve an adequate distension of the distal ile-
um. Patients were placed in supine (more
comfortable) position in the MR imager.

In order to minimize motion artifacts seco-
ndary to bowel peristalsis, patients received
spasmolytic medication at the beginning and
again approximately half-way of the exami-
nation. The duration of DWI ranges from 3
to 5 minutes. Imaging began from the diap-
hragm and continued caudally to the ancuta-
neous line (Ewing, 1954).

The examination was performed on 1.5-T
MR machine, Achieved, Philips Medical Sy-
stem, Best, Netherlands in MRI Unit, Ain
Shams University Hospitals. Patient was laid
in supine position using a multi-element ph-
ased array Torso coil (16 channels). Pixel-
based apparent diffusion coefficient maps
was generated on off-line workstation (exte-
nded workspace EWS), Pride software (Phi-
lips Medical Systems). Images were inter-
preted by a radiologist with 12 years of exp-
erts in pelviabdominal imaging and who was
also blinded to the clinical and BS examina-
tion results.

DWTI examination assessed the following:
Qualitatively by restriction of the bowel,
Quantitative by the degree of apparent diffu-
sion coefficient (ADC) and presence of co-
mplications as bowel fistula and abscess.

Statistical analysis: Data was presented and



suitable analysis was done by using SPSS
23. Descriptive statistics included mean
(+SD) and range for parametric numerical
data, while Median and Interquartile range
(IQR) for non-parametric numerical data.

Correlation analysis was done using Pear-
son's method to assess strength of associate-
on between two quantitative variables. Pair-
ed t-test assessed the significant difference
between two means measured twice of the
same group. ROC Curve (receiver operating
characteristic) evaluated sensitivity and spe-
cificity. Wilcoxon signed rank test assessed
significant difference of an ordinal variable
(score) measured twice of same group. Mc-
Namara test assessed significant difference
between a qualitative variable measured twi-
ce of same group.

Results

Patients mean ages were 27.148.29 years
old, of whom 22 (57.9%) were males, and
16 (42.1%) were females. Patients 8(21.1%)
were smokers and 30(78.9%) were nonsmo-
kers. Besides, 24(63.2%) gave surgical hist-
ory, of whom 18 underwent appendectomy.
Symptoms were 29(76.3%) abdominal pain,

28 (73.7%), bloody diarrhea, two (5.3%), bl-
eeding rectum, and 16 (42.1%). extra-intesti-
nal manifestations. Patients 24 (63.2%) rec-
eived infliximab® and 14 (36.8%) received
adalimumab®. There were significant differ-
ences between BS in Crohn’s disease patien-
ts before & after biological treatment as bo-
wel thickness, bowel vascularity, or motility,
fistula, proximal dilatation and abscess with
P<0.001, <0.001, <0.013, <0.001, < 0.031 &
<0.001 respectively, and significant differe-
nces between DWI in Crohn’s disease patie-
nts before and after biological treatment as
ADC score, fistula, abscess, stricture, lymp-
hadenopathy and bowel restriction with P <
0.001, <0.002, <0.001, <0.001, 0.031 & <
0.001 respectively.

ADC score of DWI affected segment inve-
rsely correlated with thickness of the same
segment by BS, with cut-off value to predict
activity of bowel segment was <=1.6 with
sensitivity 90% and specificity 85.71%. Al-
so, there was inverse correlation between
ADC value and CDAI with r -0.55.

Details were given in tables (1, 2, 3 & 4).

Table 1: Bowel sonography before and after receiving biologics for groups.

Before After Test of significance
Bowel sonography 3
N(®%M=SD | N(%)M+SD | P-value | Sig.
Ileal 28 (73.68%)
. Colonic 4 (10.53%)
Site -
Ileoclonic 4 (10.53%)
Ileocolic anastomosis | 2 (5.26%)
Thickness (mm) 5.06 +1.39 2.75+£143 <0.001* Sig.
Absent 0 (0.0%) 12 (31.58%)
Vascularity | Moderate 26 (68.42%) 14 (36.84%) <0.001** | Sig.
Marked 12 (31.58%) 12 (31.58%)
. Diminished 34 (89.47%) 24 (63.16%) )
Motility 0.013~ Sig.
Normal 4 (10.53%) 14 (36.84%)
ica- | Y 30(79% 15 (39.5%
(;ompllca es (79%) ( 0) <0.001~ Sig.
tions: No 8 (21%) 23 (60.5%)
. Yes 28 (73.68%) 14 (36.84%) )
Fistula <0.001~ Sig.
No 10 (26.32%) 24 (63.16%)
) Yes 10 (26.32%) 10 (26.32%) .
Stricture 1.00~ Not Sig.
No 28 (73.68%) 28 (73.68%)
Proximal Yes 6 (15.79%) 0 (0.0%) .
. . 0.031~ Sig.
dilatation No 32 (84.21%) 38 (100%)
Y 20 (52.63Y 4 (10.539
Abscess < ( %) ( %) <0.001~ Sig.
No 18 (47.37%) 34 (89.47%)
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Table 2: DWI before and after receiving biologics for groups.
Variations DWI Before After Significance
N (%) M+SD | N (%)M +SD P-value
Location Ileal 30 (78.95%)
Colonic 4 (10.53%)
Ileoclonic 2 (5.26%)
Ileal and small intestine 2 (5.26%)
ADC (10° mm2/sec) 0.96 +£0.16 1.62 +0.40 <0.001* Sig.
. Yes 38(100%) 22 (57.89%) oo .
Restriction No 16 (42.11%) <0.001 Sig.
L Yes 30 (79%) 16 (42.11%) - .
Complication: No 8 (21%) 22 (57.89%) <0.001 Sig.
. Yes 26 (68.42%) 16 (42.11%) . .
- Fistula No 12(31.58%) | 22 (57.89%) 0.002 Sig.
Yes 20 (52.63%) 6 (15.79%) . .
2- Abscess No 18 (47.37%) | 32 (84.21%) <0.001 Sig.
. Yes 24 (63.16%) 12 (31.58%) . .
3- Stricture No 14 (36.84%) 26 (68.42%) <0.001 Sig.
- Yes 36 (94.74%) 30 (78.95%) s .
4- Restriction No 2 (5.26%) 8 (21.05%) 0.031 Sig.

Table 3: Correlation between bowel thickness by BS and ADC score by DWI after receiving biologics.

Variables ADC (10° mm2/sec) After
Thickness after (mm) Pearson Correlation -0.6105
P-value <0.001

0.932 0.801 to 0.988
Table 4: Roc curve of ADC (10° mm?*/sec) after biologics activity by DWL
AUC 95% CI Sig. Cut-off value Sensitivity | Specificity
0.932 | 0.801 to 0.988 <0.001 <=1.6 90% 85.71%
Discussion pt reported a ratio of 6:1 for UC to CD, and

Generally speaking, endoscopy plays a
central part in the care for the IBD patient at
multiple stages, providing diagnostic and
prognostic data, guiding medical and surgi-
cal therapy, treating disease-related compli-
cations, and assisting in the early detection
of dysplasia and prevention of colorectal
cancer in the setting of IBD (Negreanu et al,
2019). However, ultra- sound examination
is an easily accessible, non-invasive, radia-
tion-free, and cheap imaging modality that
preferred as the first diagnostic method in
gastroenterology, but trans-abdominal ultra-
sound was rarely used to assess the intes-
tines as to difficulty of visualisation, im-
paired by gas and other intestinal content
(Andrzejewska and Grzymistawski, 2018).
Loftus (2004) in USA reported high inci-
dence and prevalence of ulcerative colitis
and Crohn's disease in areas such as north-
ern Europe and North America; they contin-
ue to rise in low-incidence areas such as
southern Europe, Asia, and much of the de-
veloping world. Esmat et al. (2014) in Egy-
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that incidence of IBD is rising in Egypt.

In the present study, it was found that the
DWI is a promising tool that can be used in
disease management, including starting an-
tibiotic therapy, stoppage of immunosup-
pressive therapy, performing percutaneous
drainage, or surgical treatment.

In the present study, the parameters of BS
were improved after receiving the anti-TNF
agents as follow: a significant reduction of
bowel wall thickness (BWT) as mean BWT
reduce from 5.06£1.39mm to 2.75+1.43 mm
(by 50%), vascularity of the bowel was im-
proved in 68.42% and complications re-
solved in half of them as 60.5% of the pa-
tients didn’t have complications after receiv-
ing biological treatment. This agreed with
Paredes et al. (2019) in Spain who assessed
benefits of transmural healing (TH) shown
on intestinal ultrasound (IUS) after treat-
ment with tumor necrosis factor-alpha anti-
bodies in patients with Crohn's discase, re-
ported that patients achieved TH on IUS
with biological treatment have better clinical



outcomes, and Doppler flow grade was im-
proved in 69.7%, and complications re-
solved in 66.7%.

In the present study, response to anti-TNF
assessed by BS showed complete achieve-
ment in 55.26% of the patients, partial res-
ponse in 28.95% and no response in 15.79%.
This agreed with Zorzi et al. (2020) in Italy
who reported that in 80 CD patients 51%
responded to anti-TNF agents, 15% as non-
responded and 34% as partial responders,
and that ultrasonographic assessment gave a
relatively non-invasive method for monitor-
ing the treatment response. Moreover, Chen
et al. (2022) in China in a pilot study on 30
cases reported that changes in bowel ultra-
sound behavior were assessed as early as 2
weeks after giving anti-TNF therapy, which
together with elasticity imaging was signifi-
cantly reduced compared that after anti-TNF
therapy

In the current study, the restriction diffusi-
on was found in 100% of patients with bow-
el inflammation before treatment. The vast
majority of restricted-diffusion abnormalit-
ies caused by the acute stroke, and diagnosis
may be problematic when this MRI feature
resulted from other causes (Finelli, 2012).
This agreed with Neubauer et al. (2013);
Tielbeek et al. (2014) and Li et al. (2017).

In the present study, as to DWI, mean ADC
value in 38 patients before and after biological
treatment was 0.96+0.16 &1.62+0.40 respective-
ly. ADC value change was negative as it in-
creased after treatment, with significantly dif-
fered between improved and unimproved lesions
(P <0.001). DWI detected complications as
bowel fistula, stricture and abscess in 79% of
patients before treatment that was improved af-
ter treatment in half of them to be detected in
42%. This agreed with Huh et al. (2017) who
reported that DWI proved to be a feasible tool to
monitor quantitatively and qualitatively bowel
inflammation of CD post treatment.

In the present study, there was strong in-
verse correlation between ADC value &
bowel wa- 1l thickness with correlation coef-
ficient (r) -0.61. This more or less agreed
with Neubauer et al. (2013) and Dillman et
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al. (2016) reported inverse correlation with r
-0.72,-0.52 &-0.39 respectively. Moreover,
Abd-El Khalek and Fahmy (2018) reported
that the ADC value of affected segment by
DWI inversely correlated with thickness of
the same segment with r -0.73.

Also, the present study showed that the cut-
off value of ADC to predict activity of bow-
el segment was <=1.6x10"mm?s with sen-
sitivity 90% and specificity 85.71%. This
agreed with Buisson e al. (2013); Dillman
et al.(2016) and Huh et al. (2017), reported
the ADC cut-off value of 1.6x110~°mm?/s
for differentiating active from non-active
disease with sensitivity ranged from 82.4%
to 88.7% and specificity from 80% to 100%
Li et al. (2017) in China didn’t find signifi-
cantly, by using the ADC threshold value of
1.59x10°mm?/sec with sensitivity (97.2%)
and specificity 84.3%. Besides, Tantawy and
Algeball (2016) in Egypt found that by us-
ing cutoff point 1.65x10°mm?/s gave 88.7%
sensitivity and 80% specificity. They con-
cluded that DWI & quantitative ADC value
study to MRI imaging detected inflamma-
tion in patients with Crohn’s disease and
differentiating between active and inactive
diseased bowel segment. Oto ef al. (2009) in
USA reported a much higher cutoff value,
on quantitative analysis, ADC values of in-
flamed and normal bowel were 0.47 -2.60
x10 > mm?and 1.39 -4.03x10>mm?/s, respe-
tively (P < .05). but, Abd-El Khalek and
Fahmy (2018) in Egypt found that a mildly
lower cutoff value of 1.35% 10 mm?/s with
80% sensitivity and 100% specificity. These
differences in ADCs among different studies
may be related to different samples and scan
parameters, high variability of the selection
of the segment of interest on the bowel.

In the present study, there was an inverse
correlation between ADC value and CDAI
with r -0.55 as ADC value decreased with
increased disease severity assessed clinically
by CDALI This agreed with Li et al. (2015);
and Wu et al. (2020) in China and Thorm-
ann et al. (2022) in Germany they found that
the correlation coefficient between ADC va-



lue and the CDAI was -0.86, -0.80 & -0.71
respectively.

In the present study, that ADC values de-
creased with increasing severity of CD as-
sessed by colonoscopy (SES-CD) which
means there is inverse correlation between
ADC value and severity by colonoscopy
with r -0.453. This agreed with Buisson et
al. (2013) in France, Caruso et al. (2014) in
Italy, Li et al. (2017); Cheng et al. (2019) in
China and Thormann et al. (2022), they
found there was a negative correlation be-
tween ADCs in inflamed segments and se-
verity by colonoscopy with r=-0.44, -0.63, -
0.63, -0.66 & -0.88 respectively. These dif-
ferences may be due to different scan pa-
rameters, different reference standard, or so-
me studies used another imaging modality as
MRE; others used endoscopic assessment, or
used pathological specimens after surgery.

In the current study, as compared to co-
lonoscopy, accuracy of DWI in assessment
of disease activity after biologics was 84.6%
with 100% sensitivity & 33.3% specificity.
Huh et al. (2017) in Korea didn’t find signif-
icant differences as they reported that the
accuracy of DWI in assessment of improved
inflammation after treatment was 81% with
sensitivity and specificity 88% & 25% res-
pectively compared to the colonoscopy. Du-
rayski et al. (2019) in Brazil found the DWI
gave an accuracy of 89.4% and sensitivity of
88.9%, but specificity was 90.0% in detecti-
ng colonoscopy-confirmed inflammation
due to different scan parameters.

The present study showed that DWI is a
good predictor to detect treatment response
as compared to bowel US with accuracy, se-
nsitivity and specificity of 89.5%, 87.5% &
100% respectively. This agreed with Choi et
al. (2016) who found that the DWI diagnos-
tic performance for active bowel inflammat-
ion in CD was very heterogeneous, with sen-
sitivities & specificities ranged from 68% to
100% & 51% to 100%, respectively. Also,
Kim et al. (2022) found that the pooled sen-
sitivity and specificity of DWI-MRE to det-
ect bowel inflammation were 93% & 96%
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respectively. The accuracy of DWI ranged
from 90% to 100% with sensitivity 83% to
100% and specificity 89% to 100% (Oto et
al, 2011; Hordonneau et al, 2014; Foti et al,
2015; Qi et al, 2015). This discrepancy in
results may be due to the different scan pa-
rameters and different samples

The present study showed accuracy, sensi-
tivity and specificity of DWI in detecting
bowel fistula were 94.7% with 92.90% and
100% respectively. This agreed with Fahmy
and Dawoud (2017) in Egypt who reported
the DWI accuracy in detecting bowel fistula
was 91.2% with sensitivity and specificity of
91.18 % & 100% respectively. Schmid-Tan-
nwald et al. (2012) in USA evaluated 14 pa-
tients and found similar value for DWI in
detecting bowel fistula compared with con-
trast-enhanced T1-weighted images, and co-
ncluded that DW-MRI was a useful adjunct,
especially for patients with renal failure.
Dohan et al. (2016) in Canada reported that
DWI value in CD to detect, characterize, &
quantify disease activity and complications,
gave 92% sensitivity and 100% specificity.

Conclusions

DWTI is a growing tool to detect and local-
ize active CD that attracted attention in clin-
ical practice. DWI correlated well with dis-
ease activity by evaluation of restriction dif-
fusion, ADC values and presence of compli-
cations. The ADC cutoff value to detect in-
flammation still needs to be more investigat-
ed. ADC value can reflect acute inflammato-
ry reactions but not systemic inflammation.

To the present authors' knowledge none
assessed the role of DWI in CD patients.

Authors’ declaration: They declared neith-
er have conflicts of interest nor received fu-
nds.

Authors' contributions: All authors equally
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study.
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