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Abstract
Purpose To evaluate the utility of Diffusion-weighted imaging (DWI) and apparent diffusion coefficient (ADC) in assessing 
treatment response in patients of intestinal tuberculosis (ITB).
Method and materials MR Enterography (MRE) was done for patients with suspicion of ITB and 19 patients with pre- and 
post-treatment imaging were included in the analysis. MRE included T1W, T2W, post-contrast T1W, and DWI sequences. 
DWI was done using b values—0, 400 and 800 s/mm2, and ADC maps were generated. The trace DW images and ADC 
values were compared before and after therapy. Composite gold standard (clinical, colonoscopic criteria, and biopsy) was 
used to assess treatment response and to classify into no response, partial response, and complete response.
Results Thirty-one bowel segments were evaluated at baseline and after treatment in 19 patients. Prior to therapy, restricted 
diffusion was seen in 29/31 (93.5%) segments. After treatment, patients with either complete or partial response (27/31 
segments, 15 patients) showed significant rise in mean ADC values from 1.1 ± 0.37 × 10−3 to 2.1 ± 0.64 × 10−3 mm2/s 
(p value < 0.05), whereas no significant change was found in mean ADC values of non-responders (4/29 segments in 4 
patients) which increased from 1.0 ± 0.1 × 10−3 mm2/s on baseline scan to 1.32 ± 0.2 × 10−3 mm2/s on post-treatment scan 
(p value = 0.318). An increase in ADC value was found to be a reliable and objective marker of improvement with response 
to therapy.
Conclusion ADC values show good correlation with treatment response in ITB and can be used for objectively quantifying it.
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Introduction

Tuberculosis (TB) is a multisystem chronic granuloma-
tous disorder with both pulmonary and extra-pulmonary 
manifestations. Abdominal TB is one of the common 
extra pulmonary manifestations which may involve gas-
trointestinal tract, peritoneum, lymph nodes, and solid 
viscera. Intestinal TB (ITB) is one of the sites of involve-
ment in abdominal TB. With the increasing burden of 

inflammatory bowel disease in India and other developing 
countries, the differential diagnosis of ulcero-constrictive 
intestinal disease has expanded from just ITB to include 
Crohn’s disease (CD) as well. Differentiating the two dis-
orders has remained a challenge, and the dilemma is often 
resolved by a therapeutic anti-tubercular therapy (ATT) 
trial. Clinical and endoscopic response to ATT trial con-
firms the diagnosis of ITB [1–3]. Symptomatic improve-
ment is no longer considered as a reliable measure of 
response, and mucosal healing needs to be documented. 
However, repeating the colonoscopy after ATT is often 
unacceptable to patients because of its invasive nature. 
The presence of intestinal strictures precludes the exami-
nation of the proximal intestine, and the small bowel dis-
ease that cannot be evaluated by ileocolonoscopy. More-
over, other endoscopic modalities like enteroscopy are 
often not available and are invasive, and capsule endos-
copy cannot be done in presence of strictures. Therefore, 
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cross-sectional imaging, which has the advantage of 
imaging the entire intestine non-invasively, can be used 
to document response to ATT. The imaging modalities 
used for the evaluation of ulcero-constrictive diseases of 
the bowel include barium examination, ultrasonography 
(US), computed tomography (CT), and magnetic reso-
nance imaging (MRI). ITB requires a prolonged course 
of treatment and frequent monitoring, and its therapeutic 
endpoint is governed by complete response and mucosal 
healing on endoscopy and/or cross-sectional imaging.

MR Enterography (MRE) is a technique which is 
optimized for evaluation of bowel pathology and with 
the advent of novel imaging techniques like diffusion-
weighted imaging (DWI); it is increasingly being used for 
assessment of disease activity and resolution of inflam-
mation, and has been studied extensively in patients with 
CD [4, 5]. The literature on role of MRE in ITB is lim-
ited to a small study which evaluated the MRE findings 
of small bowel tuberculosis; however, it did not utilize 
DWI, and imaging was not repeated at follow-up [6]. 
The present study was carried out to assess the utility of 
DWI—qualitative as well as quantitative evaluation using 
apparent diffusion coefficient (ADC)—in distinguishing 
the inflamed from normal bowel segments in ITB and 
verifying if it can be used to assess response to treatment.

Subjects and methods

The data presented in this paper represent part of a larger 
study that was undertaken from January 2015 to Decem-
ber 2016, in which treatment-naïve patients with clinical 
suspicion of intestinal ulcero-constrictive lesions were 
prospectively recruited after taking informed consent. In 
this ethically approved study, all patients underwent MRE, 
ileocolonoscopy, biopsy, and histopathological examination. 
They were then divided into different categories based on a 
composite gold standard comprising clinical features, colo-
noscopy, and biopsy results, and response to ATT at follow-
up. The final diagnoses were—ITB, CD, non-specific colitis, 
NSAID-induced enteropathy, and post-operative adhesions. 
Out of the 50 patients enrolled for the study, 28 were diag-
nosed with ITB, 18 with CD, and four patients had other 
alternate diagnoses. Patients with initial diagnosis other than 
ITB and without follow-up imaging were excluded from the 
study.

Finally, 19 patients were included in the analysis out of 
the total 50 patients, who had both pre- and post-treatment 
imaging as depicted in the Fig. 1. Of these, 12 patients were 
diagnosed as ITB upfront (as per Paustian’s criteria), and 
seven patients with the suspicion of ITB were started on 
empirical ATT. Among the seven patients, four were con-
firmed to have ITB, based upon clinical and endoscopic/
radiological response to ATT (Logan’s modification of 
Paustian’s criteria). The remaining three patients showed 

Fig. 1  Flow chart of the study population
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no improvement in symptoms and based on the evolution 
of the disease, their diagnosis was revised and they were 
found to have CD.

Patients were assessed for clinical improvement, and the 
objective response to treatment was assessed on ileocolo-
noscopy and imaging. On completion of the treatment, a 
repeat MRE was done to assess the disease activity. In most 
cases, it was done at the end of 6 months; however, in cases 
with clinical and endoscopic features suggestive of persis-
tent disease, therapy was prolonged. The duration of therapy 
and hence, the time interval between the baseline MRE and 
the follow-up, ranged between 6 and 9 months. Follow-up 
imaging helped in deciding the further course of manage-
ment, and the treatment was modified based on the imaging, 
clinical, and endoscopic findings.

MR enterography

MRE was performed before start of therapy and after 
completion of therapy. Patients were advised to fast for at 
least 6 h prior to the examination, and a total of 1500 mL 
of diluted Mannitol (300 ml of 20% Mannitol diluted with 
1200 ml of water) was given orally in divided aliquots over 
the course of 60 min, followed by 250 ml of plain water 
just before scanning to achieve adequate bowel distension. 
To reduce the artifacts due to peristaltic activity, 20 mg 
hyoscine butyl bromide (Inj.  Buscopan®) was given intra-
venously before the acquisition of T1W contrast sequence. 

For contrast study, 0.1–0.2 ml/kg of Gadobenate dimeglu-
mine was given intravenously followed by saline flush.

MRE was done on 3 Tesla scanner (Ingenia Philips, 
Netherlands) using 32 channel torso coil with the patient in 
supine position. The sequences performed are as depicted 
in Table 1:

Image interpretation

MRE images were interpreted by two experienced radiolo-
gists having at least 10 years’ experience in MR imaging 
who were blinded to the colonoscopic findings.

Conventional (T1W, T2W, and post-contrast T1W fat-
suppressed) sequences were used to identify the mesenteric 
and bowel inflammation. On conventional sequences, imag-
ing parameters like site of involvement (small or large intes-
tine), length of involved segment (focal, segmental, diffuse), 
bowel wall thickness (3 mm or more), T2W signal intensity 
of the involved segment (hypointense, isointense or hyper-
intense), contrast-enhancement characteristic (homogene-
ous or stratified), surrounding mesenteric changes (vascu-
lar proliferation or fibrofatty proliferation), and mesenteric 
lymphadenopathy (homogeneous or necrotic) were assessed. 
The corresponding segments were then analyzed on trace 
DW images (as detailed below).

Based on the findings of ileocolonoscopy, MRE,and 
symptomatic relief following treatment, the patients were 
divided into two groups—responders (complete as well as 
partial) and non-responders. Responders included those 

Table 1  MRE sequences and imaging parameters

MRI sequence TR (ms) TE (ms) Slice 
thickness 
(mm)

Flip angle No of 
aver-
ages

FOV (mm) Matrix Type Time of acquisition

BTFE axial 3.5 1.8 5 60 1 400 × 352 268 × 200 Free Breathing 3 min
BTFE cine
Coronal

2.0 1.03 5 45 1 400 × 370 180 × 189 Free Breathing 6 min

T2W SSH coronal 
(non-fat-sup-
pressed)

688 80 5 90 1 400 × 400 268 × 233 Respiratory trig-
gered

1 min 50 s

T2W SPAIR coronal 900 80 5 90 2 400 × 400 255 × 222 Respiratory trig-
gered

1 min 40 s

T2W SPAIR Axial 674 70 5 90 1 400 × 350 288 × 192 Respiratory trig-
gered

3 min

DWI 1025 68 5 90 4 420 × 350 170 × 140 Respiratory trig-
gered

4 min 30 s

T1W IP axial 10 2.3 5 15 1 400 × 352 268 × 180 Respiratory trig-
gered

3 min

Post-Contrast 3D 
mDIXON axial (up 
and down)

3.6 1.25 3 10 1 400 × 300 268 × 200 Breath hold 30 s

Post-Contrast 3D 
mDIXON coronal

3.6 1.25 3 10 1 450 × 450 156 × 156 Breath hold 15 s
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who showed either partial or complete improvement after 
treatment. Non-responders showed no response or insig-
nificant interval change even after 6–9 months of therapy.

DWI Analysis

Qualitative and quantitative analysis of DW images was 
done.

DW imaging was done using three b values (0, 400 and 
800  s/mm2), and apparent diffusion coefficient (ADC) 
values were calculated. ADC values were obtained by 
drawing circular ROI on the b 800 image which was auto-
matically transferred to the ADC map generated by vendor 
provided software. T2W and post-contrast images were 
used to ensure correct placement of ROI. Restriction of 
diffusion was seen as increased signal on the trace images 
(DW image) and decreased signal on the corresponding 
ADC map.

For qualitative analysis, small and large bowel were 
divided into different segments—duodenum, jejunum, 
ileum (proximal, mid and distal), terminal ileum, and ile-
ocecal junction, cecum, ascending colon, transverse colon, 
descending colon, sigmoid colon, and rectum. The signal 
intensities of these segments were evaluated on trace images, 
and a qualitative 4-point scale devised by Oto et al. was used 
to grade them depending upon their signal intensities on 
the highest b value (800 s/mm2) image (Grade 0—normal, 
Grade 1—probably normal, Grade 2—probably abnormal, 
Grade 3—abnormal) [7].

In a similar manner, for the quantitative analysis, ADC 
values were calculated for both pre and post-treatment stud-
ies and compared in order to look for resolution of inflamma-
tory activity. The thickened segments were identified on the 
T2W and post-contrast images, which showed hyperintensity 
on trace DW images (b value—800 s/mm2), and circular 
ROIs were placed on the thickened bowel wall. The ROI was 
placed such that it included only the inflamed bowel wall, 
while meticulously taking care to avoid the periphery and 
hence the contamination due to volume averaging. These 
ROIs were then copied on to the ADC maps generated by the 
software, and then ADC values were measured. In the case 
of normal bowel wall, ROIs were placed on the bowel wall. 
These were first drawn on T2W images and later copied to 
trace DWI and ADC images. The images were also zoomed 
on the work-station for the purpose of proper placement 
of ROI. The mean diameter of the ROI was 3 mm (range 
2–4 mm, corresponding area ranged from 3.5 to 12.5 mm2). 
Resolution of inflammation is reflected by increased ADC 
value and vice versa.

For both qualitative and quantitative analyses, signal 
intensities of the normal bowel loops on b 800 s/mm2 image 
and ADC values were taken as internal reference.

Definitions

Diagnosis of intestinal TB

The diagnosis of ITB was made in an appropriate clinical 
setting with the demonstration of necrotizing granulomas 
on histopathology or demonstration of acid-fast bacilli 
(AFB) on histopathology or culture of intestinal tissue 
(Paustian’s criteria) [8]. In patients who did not fulfill the 
above definitions, therapeutic trial with ATT was given. 
Diagnosis of ITB was made if patient had clinical and 
endoscopic/radiological response to ATT (Logan’s modi-
fication). These defining criteria for diagnosis of ITB have 
been validated earlier in another study at our center [9].

Treatment and follow‑up

Anti-tubercular therapy (ATT): Induction regimen of 
isoniazid 5  mg/kg, rifampicin 10  mg/kg, pyrazina-
mide 20–25  mg/kg, and ethambutol 15–20  mg/kg for 
2 months followed by maintenance therapy of isoniazid 
and rifampicin for duration of 4–7 months was given. The 
total treatment duration was 6–9 months depending upon 
the response to ATT. Patients were routinely followed up 
at 2 monthly intervals and as and when required to assess 
symptom response and also to monitor drug toxicity by 
means of assessment of liver function tests.

Post‑treatment evaluation

Complete response was defined as complete resolution of 
the inflammation on MRE as well as on ileocolonoscopy 
with symptomatic improvement clinically. Partial response 
was defined as reduction in the extent as well as severity 
of the inflammation both on MRE and ileocolonoscopy 
with either complete or partial improvement in the clini-
cal symptoms.

Patients with no change in the disease activity on MRE 
as well as on ileocolonoscopy at the end of 6–9 months of 
treatment were regarded as non-responders. They were again 
thoroughly evaluated with the revision of initial diagnosis, 
and the treatment was modified in such cases.

Statistical analysis

Data were analyzed using the IBM SPSS software (version 
24.0). The ADC values were calculated for the inflamed 
bowel segments on pre-treatment imaging, and these index 
segments were then evaluated on post-treatment imaging 
for comparison. On the basis of treatment response, patients 
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were divided into three categories—complete, partial, and 
non-responders.

The mean ADC value was calculated for each category 
separately, and paired t test was used to identify change in 
mean ADC values on pre- and post-treatment imaging. A 
‘p’ value < 0.05 was considered as statistically significant.

Results

Subjects

The age of the study population ranged between 13 and 
64 years with a median age of 35 years (mean—35.5 years), 
and there were 11 women and 8 men. Most of the patients 
presented in the 3rd decade of life.

The major presenting complaints of the patients were 
abdominal pain (100%), altered bowel habits like diarrhea 
(57.8%) and constipation (26.3%), loss of weight (63.2%) 
and appetite (42.1%), subacute intestinal obstruction 
(31.5%), fever (26.3%), vomiting (26.3%), and other consti-
tutional symptoms (Fig. 2).

Pre‑treatment MRE

A total of 31 diseased segments were identified in 19 patients 
with different sites of involvement. Terminal ileum (45.2%) 
and ileocecal junction (45.2%) were the most commonly 
involved sites (Fig. 3) followed by cecum (25.8%), ascending 

colon (22.5%), transverse colon (19.3%), and distal ileum 
(19.3%). Splenic flexure, descending colon, and rectosig-
moid involvement were not seen in any of the patients.

Most of the patients (15/19 patients) showed focal 
involvement with length of involved segment equal to or 
less than 5 cm (24/31). Few of them showed more than one 
site of bowel inflammation with varying lengths of involved 
segments at different sites. Such skip lesions were seen in 
9/19 patients.

The inflamed segments were hyperintense on T2W 
images and showed intense contrast enhancement. The 
enhancement pattern was predominantly homogeneous, and 
only four segments showed stratified enhancement pattern.

Necrotic mesenteric lymph nodes were seen in 9 patients, 
and one of the patients had vertebral osteitis at multiple lev-
els in the dorsolumbar spine.

DWI

Qualitative evaluation

On evaluation, 29 out of 31 diseased segments identified 
on conventional imaging were found to be hyperintense on 
DW images and showed dark signal on ADC map. Their 
numerical ADC values were then calculated. Two of the 31 
diseased segments identified on conventional sequences did 
not show diffusion restriction (Fig. 4).

At the baseline on qualitative analysis, 93.5% segments 
showed high signal intensity on b 800 s/mm2, of which 

Fig. 2  Clinical characteristics of 
the study population
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Fig. 3  Distribution of inflamed 
bowel segments in the patients

Fig. 4  DWI—active inflammation in ITB—38-year-old man with 
ITB. MRE axial T2W image a showing mural thickening with 
hyperintense signal of ileocecal junction (arrow). Post-contrast 
T1W image b showing wall thickening with homogeneous enhance-

ment (arrow) and enlarged draining lymph nodes. DW image at b 
800  s/mm2, c shows hyperintense signal of the involved segment 
(arrow) and corresponding ADC map d showing dark signal (ADC 
0.935 × 10−3 mm2/s) suggesting restricted diffusion (arrow)
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74.1% segments (n = 23) had Grade 3 and 19.35% segments 
(n = 6) had Grade 2 signal intensity. However, two diseased 
segments (n = 2,6.5%), one in the jejunum and other in the 
transverse colon, which were abnormal on conventional 
sequences including T2W and post-contrast T1W fat sup-
pressed sequence, showed normal signal on b 800 s/mm2 
image (Grade 1). Few segments (n = 10) which were nor-
mal on conventional MR sequences and endoscopy showed 
hyperintensity on high b value images (Grade 2). Most of 
these segments were identified in the jejunum (at least five) 
where the bowel loops were collapsed and not adequately 
distended with the intraluminal oral contrast agent. Similar 
segments were also seen in the large bowel particularly in 
the rectosigmoid region (three segments). Few of the ileal 
loops (two segments) also showed falsely high signal on 
trace DW images with no dark signal on corresponding 
ADC map and they appeared normal on conventional MR 
sequences.

Quantitative Evaluation

ADC values were calculated for the inflamed segments 
which were hyperintense on trace images (n = 29). The mean 
ADC value of actively inflamed bowel segments (n = 31 seg-
ments) was 1.122 ± 0.346 × 10−3  mm2/s. Mean ADC value 
of normal bowel loops was found to be much higher i.e. 
2.61 ± 0.096 × 10−3  mm2/s and this difference was found to 
be statistically significant (p < 0.001) (Table 2).

Post‑treatment MRE

Eight (13 segments) of the 19 patients showed complete 
resolution on MRE with resolution of diseased segments 
as well as necrotic and enlarged mesenteric lymph nodes. 
There was resolution of hyperintense signal on T2W images 
as well as of the abnormal contrast enhancement seen on the 
pre–treatment MRE images. Ileocolonoscopy showed com-
plete mucosal healing and on clinical assessment patients 
reported remarkable improvement in symptoms with signifi-
cant gain in weight and appetite. On DW images, there was 
no hyperintensity on b 800 s/mm2 images, and ADC map 
showed no dark signal. The pre-treatment mean ADC value 

of the inflamed bowel segments in complete responders was 
1.015 ± 0.359 × 10−3  mm2/s, with significant rise in the ADC 
value on post-treatment imaging to 2.45 ± 0.59 × 10−3  mm2/s. 
The ∆ ADC in complete responders was 1.44 ± 0.65 × 10−3 
 mm2/s and the difference was found to be statistically sig-
nificant (p < 0.005) (Fig. 5).

Seven patients (with 14 diseased segments) showed par-
tial resolution with decrease in the disease severity and num-
ber of inflamed segments on post–treatment imaging. Three 
(3/7 patients) of these patients showed complete mucosal 
healing on ileocolonoscopy and marked improvement in the 
symptoms. However, on conventional MRE, there was some 
residual activity with persistence of T2W hyperintense sig-
nal and mild mural thickening, along with abnormal homo-
geneous contrast enhancement on post-contrast T1W imag-
ing. On DW imaging there was persistence of hyperintensity 
on trace images and dark signal on ADC map. Nevertheless, 
the quantitative evaluation revealed a significant rise in the 
ADC value as compared to the pre-treatment imaging exami-
nation. The treatment was stopped in these patients and they 
were kept on close follow-up.

Four patients (4/7 patients) showed partial improvement 
with evidence of residual disease both on MRE and ileoco-
lonoscopy. These patients were given ATT for prolonged 
period of time (9 months). One of these patients developed 
fibrotic stricture at the ileocecal junction and another had a 
stricture at the transverse colon. For fibrotic stricture, serial 
endoscopic dilatation was done as it resulted in obstructive 
symptoms and abdominal pain (Fig. 6).

Patients with partial response showed decrease in the 
mural thickening, T2W hyperintensity of the involved seg-
ments as well as the abnormal contrast enhancement. They 
showed improvement on DW imaging with rise in ADC 
value.

The mean ADC value on pre-treatment imaging in par-
tial responders was 1.216 ± 0.364 × 10−3 mm2/s and on post-
treatment imaging was found to be 1.77 ± 0.50 × 10−3  mm2/s. 
The difference in the mean of these values (∆ADC mean) was 
0.55 ± 0.54 × 10−3  mm2/s and it was found to be statistically 
significant (p < 0.05).

Patients who did not respond to treatment and showed 
only minor improvement in symptoms with no change either 

Table 2  Summary statistics of 
patients with DWI parameters 
(mean ADC value on pre and 
post-treatment imaging, their 
differences along with statistical 
significance)

Mean ADC value* − Mean ± SD × 10−3 mm2/s

Pre-treatment Post-treatment Difference in mean 
ADC*

p value

Complete responders 1.015 ± 0.359 2.45 ± 0.59 1.44 ± 0.65 < 0.05
Partial responders 1.216 ± 0.364 1.77 ± 0.50 0.55 ± 0.54 0.03
Responders (complete and 

partial combined)
1.119 ± 0.37 2.1 ± 0.64 0.98 ± 0.75 < 0.05

Non-responders 1.06 ± 0.14 1.32 ± 0.21 0.18 ± 0.30 0.318
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on ileocolonoscopy as well as MR imaging findings were 
thoroughly evaluated.

Four of the 19 patients (with four inflamed segments) 
included in the study were non-responders. In these patients, 
the diagnosis was revised at the end of the treatment. One of 
them showed increase in the extent of conglomerate necrotic 
mesenteric lymphadenopathy on follow-up imaging, hence 
modified ATT regime was started for the patient after testing 
for antibiotic sensitivity. There was inflammation of terminal 
ileum and ileocecal junction on pre-treatment imaging which 
was persistent even on follow-up imaging (Fig. 7).

However, three other patients showed long segment 
contiguous inflammation of the bowel with no evidence of 
necrotic lymph nodes or mesenteric lymphadenopathy. Since 
there were no skip lesions and there was involvement of ter-
minal ileum and ileocecal junction in all these patients, they 
were thought to have ITB initially. But with no improvement 
in symptoms on ATT, their diagnosis was revised. These 
patients were started on steroids and aminosalicylates with 
the suspicion of inflammatory bowel disease, following 
which they showed dramatic improvement in symptoms. As 

CD is a close mimicker of ITB, and at times, due to overlap 
in the symptoms, imaging findings as well as non-specific 
colonoscopy and biopsy results, it becomes difficult to dif-
ferentiate among these two conditions.

The mean ADC value on pre-treatment imaging in non-
responders was 1.06 ± 0.14 × 10−3  mm2/s, and on post-treat-
ment imaging, it was found to be 1.32 ± 0.21 × 10−3  mm2/s. 
The difference in the mean of these values (∆ADC mean) 
was 0.18 ± 0.30 × 10−3  mm2/s; although there was rise in the 
ADC value, it was not statistically significant (p = 0.318).

The responders (complete and partial) on the other 
hand showed significant resolution of bowel inflamma-
tion, on pre-treatment imaging their mean ADC value was 
1.119 ± 0.37 × 10−3  mm2/s and on post-treatment imaging it 
was found to be 2.1 ± 0.64 × 10−3  mm2/s. The difference in 
the mean of these values was 0.98 ± 0.75 × 10−3  mm2/s and 
it was statistically significant (p < 0.05).

Patients showed multiple sites of bowel inflammation 
and each segment was dealt separately as not all showed 
consistent improvement or similar response to treatment. In 
patients (seven) who were partial responders and found to 

Fig. 5  Complete responder—18-year-old lady with ITB show-
ing complete response on follow-up imaging. Pre-treatment DW 
image at b 800  s/mm2 a shows hyperintensity of ileocecal junction 
(arrow) with dark signal on corresponding ADC map b having ADC 
0.9 × 10−3  mm2/s, suggesting restricted diffusion (arrow). Post-treat-

ment axial DW image c shows complete resolution in the absence of 
hyperintensity on DW image (arrow) at b 800 s/mm2 and the absence 
of dark signal (arrow) on corresponding ADC map d having ADC 
value 1.68 × 10−3 mm2/s
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have residual disease activity, a few of the inflamed seg-
ments showed complete response (6/14 segments) to treat-
ment, whereas a few others (8/14 segments) showed persis-
tent disease activity. In complete responders, however, all 
segments (13 segments) showed response with no residual 
inflammation on follow-up.

The mean ADC value on pre-treatment imaging of 
inflamed segments (19/31) which later showed complete 
response to treatment was 1.11 ± 0.4 × 10−3  mm2/s, and their 
mean ADC value on post-treatment imaging was found to 
be 2.3 ± 0.54 × 10−3  mm2/s. The difference in the means of 
these values (∆ADC mean) was 1.27 ± 0.7 × 10−3  mm2/s, and 
it was found to be statistically significant (p < 0.05).

The mean ADC value on pre-treatment imaging of 
inflamed bowel segments (8/31) with partial response to 
treatment was 1.13 ± 0.26 × 10−3  mm2/s, and on post-treat-
ment imaging, it was found to be 1.43 ± 0.24 × 10−3  mm2/s. 
The difference in the means of these values (∆ADCmean) was 
0.30 ± 0.32 × 10−3  mm2/s, and it was found to be statistically 
significant (p = 0.03).

As there were no skip lesions or multiple sites of involve-
ment in non-responders, the ADC parameters were same for 
patientwise as well as segmentwise distribution of disease 
as depicted in Table 3.

Discussion

This study highlights the importance of DWI in assessment 
of inflammation and disease severity in patients with ulcero-
constrictive disease. DWI is a novel MR imaging technique 
based on the diffusivity of water molecules (Brownian 
motion) in the tissues. Tissue cellularity and presence of 
intact cell membranes determine the impedance of diffusion 
of water molecules. In normal tissues, the water molecules 
diffuse freely as a result of large extracellular space. How-
ever, in the presence of inflammation, there are increased 
tissue cellularity and cell density which result in restricted 
diffusion, manifesting as high signal on high b-value diffu-
sion-weighted trace images and corresponding low signal on 

Fig. 6  Partial responder—51-year-old man with ITB showed 
response on follow-up imaging. Pre-treatment DW image at b 800 s/
mm2 a shows hyperintensity in hepatic flexure with dark signal on 
corresponding ADC map b having ADC 0.8 × 10−3 mm2/s suggesting 

restricted diffusion (arrow). Post-treatment axial DW image c shows 
subtle hyperintensity of hepatic flexure and corresponding ADC map 
d shows significant rise in ADC value (ADC 1.44 × 10−3 mm2/s)
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the ADC map and low ADC values. In recent times, DWI 
has been increasingly used in bowel imaging [10]. With the 
advent of parallel imaging and fast respiratory triggered 
sequences, it has become possible to reduce the motion- and 
breathing-related artifacts which earlier precluded its use for 
abdominal imaging.

This study demonstrates the relation between active 
inflammation and restricted diffusion, further reinforced 
objectively by lower ADC values in inflamed bowel seg-
ments. All the inflamed segments were analyzed separately, 
and treatment response was evaluated. The findings were 
confirmed by comparing them with the ileocolonoscopy and 
histopathology. To the best of our knowledge, there is no 
study in the literature where pre and post-treatment changes 
in intestinal tuberculosis were compared with emphasis on 
the DWI sequence. However, many studies in the western 
literature have assessed disease activity in Crohn’s disease 
using MRE with DWI and further compared them with the 
endoscopic findings. They found high degree of correlation 
between endoscopic findings and DWI results. For assess-
ment of disease activity in CD, DWI has been accepted as 

one of the diagnostic techniques of choice, and multiple 
scoring systems have been devised [5, 11].

We used a four-point grading scale devised by Oto et al. 
in our study, for qualitative evaluation and assessment of 
inflammation of the bowel loops using diffusion restric-
tion [7]. Out of 31 inflamed bowel segments, 29 segments 
(93.5%) were correctly identified by DWI on pre-treatment 
evaluation. The quantitative evaluation showed statistically 
significant difference in the mean ADC values of inflamed 
segments (1.122 ± 0.346 × 10−3  mm2/s) when compared to 
that of the normal segments (2.61 ± 0.096 × 10−3  mm2/s). 
These results were in concordance with the study performed 
by Oto et al. wherein they evaluated the role of DWI in CD 
patients by performing MRE along with DWI in eleven 
patients of CD. They used surgery and colonoscopy as the 
reference standard for evaluating disease extent and for con-
firming the diagnosis. The authors identified 53 segments 
in 11 patients, out of which 19 were inflamed and 34 were 
normal. They used a qualitative four-point grading score 
for identifying diffusion restriction, 18 of the 19 inflamed 
segments and 28 of the 34 normal segments were correctly 

Fig. 7  Non-responder—19-year-old lady with suspected ITB showed 
no response on follow-up imaging. Pre-treatment DW image at b 
800  s/mm2 a and corresponding ADC map b showed restricted dif-
fusion in the distal ileum (ADC 1.2  ×  10−3  mm2/s) (arrow). Post-

treatment axial DW image c and ADC map d showed similar findings 
with persistent diffusion restriction (ADC 1.3  ×  10−3  mm2/s. Final 
diagnosis: CD
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Table 3  Patientwise and segmentwise distribution of index lesions and their responses on follow-up imaging

S. no. Patient no. Segment no. Site of involvement Pre-treat-
ment ADC 
 (10−3 mm2/s)

Post-treat-
ment ADC2 
 (10−3 mm2/s)

Grade according to 
signal intensity on b 
800 s/mm2 image

MRE response Clinical 
response

1 1 1 Terminal ileum and 
ileocecal junction

0.789 3.269 3 CR CR

2 2 Transverse colon 0.564 3.112 3 CR
3 2 1 Ascending and trans-

verse colon
0.88 1.44 3 PR CR

4 3 1 Jejunum 2.07 3.11 1 CR CR
5 2 Terminal ileum and 

ileocecal junction
1.05 2.01 3 CR

6 4 1 Distal ileum 1.11 2.013 3 CR CR
7 2 Terminal ileum and 

ileocecal junction
1.1 2.8 3 CR CR

8 5 1 Terminal ileum, 
ileocecal junction 
and cecum

0.973 1.682 3 PR CR

9 6 1 Terminal ileum and 
ileocecal junction

0.98 1.62 3 NR NR

10 7 1 Terminal ileum and 
ileocecal junction

1.02 1.939 3 CR CR

11 8 1 Mid ileum 1.04 1.06 3 PR PR
12 2 Distal ileum 1.34 1.52 2 PR
13 9 1 Terminal ileum, 

ileocecal junction 
and cecum

0.804 1.578 3 PR PR

14 2 Cecum 1.54 2.1 2 CR
15 3 Transverse colon 2.1 2.2 1 CR
16 10 1 Mid ileum 0.8 2.9 3 CR PR
17 2 Distal ileum 1.11 1.856 3 CR
18 3 Terminal ileum, 

ileocecal junction 
and cecum

1.12 1.1184 3 PR

19 11 1 Distal ileum 0.84 2.65 2 CR CR
20 12 1 Distal ileum 1.44 2.4 2 CR CR
21 2 Ascending colon 0.958 1.853 3 CR
22 3 Cecum 1.358 1.38 3 PR
23 13 1 Terminal ileum and 

ileocecal junction
1.562 1.731 3 PR PR

24 14 1 Terminal ileum, 
ileocecal junction, 
cecum, and ascend-
ing colon

0.811 3.19 3 CR CR

25 2 Transverse colon 0.787 2.17 2 CR CR
26 15 Ascending colon 1.12 1.89 2 CR CR
27 Transverse colon 1.09 2.25 2 CR CR
28 16 1 Terminal ileum and 

ileocecal junction
0.855 1.523 3 CR CR

29 17 1 Terminal ileum, 
ileocecal junction 
and cecum

1.27 1.301 3 NR NR

30 18 1 Terminal ileum, 
ileocecal junction, 
cecum and ascend-
ing colon

1.19 1.2 3 NR NR
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identified using DWI. The mean ADC values of inflamed 
and normal segments were found to be 1.59 ± 0.45 × 10−3 
 mm2/s and 2.74 ± 0.68 × 10−3  mm2/s, respectively.

MRE along with DWI was performed at the completion 
of treatment to identify improvement in the index lesions. 
In our patients who showed complete or partial remission 
following treatment, there was significant rise in the ADC 
value with evidence of resolution of inflammation on con-
ventional sequences as well as on ileocolonoscopy compared 
with pre-treatment MRE and ileocolonoscopy. However, 
among non-responders, the ADC value was found to be 
persistently abnormal with signs of bowel inflammation on 
post-treatment imaging. The difference in the mean ADC 
value among responders and non-responders was found to be 
statistically significant [ΔADCmean value: 0.78 (p < 0.05)].

Two similar studies by Huh et al. and Bhatnagar et al. 
have described similar results in CD patients following treat-
ment. In the study performed by Huh et al., DWI was used 
to monitor bowel inflammation following medical therapy. 
They found a significant rise in the ADC value in patients 
who showed complete or partial remission. The change in 
the ADC value varied significantly between improved and 
unimproved lesions [12].

In the study by Bhatnagar et al. in CD patients, TNF-α 
antagonists were given and baseline and follow-up MRE 
with DCE and DWI were performed after a median inter-
val of 51 weeks of therapy. They observed that following 
treatment with TNF-α antagonists, ADC increased signifi-
cantly in responders but was not significantly different in 
non-responders [13].

We compared mean ADC value of the inflamed bowel 
segments with those of the adjacent morphologically nor-
mal bowel segments (confirmed on ileocolonoscopy) in 
our patients. Thirty such segments were identified in 19 of 
our patients which were normal on MRE including DWI as 
well as on ileocolonoscopy. The difference in the mean ADC 
value of the inflamed and normal bowel segments was found 
to be statistically significant (p < 0.05). Ninivaggi et al. in 
their study attempted to determine a discriminating ADC 
threshold value between pathological and normal bowel 
loops in 60 CD patients. They found a high mean ADC for 
normal appearing bowel loops (3.525 ± 0.07 × 10−3  mm2/s) 
compared to pathological ones (1.48 ± 0.058 × 10−3 mm2/s). 

They derived a threshold of 2.416 which had 100% sensi-
tivity and 100% specificity for the discrimination between 
normal and pathological bowel loops [14]. However, these 
results are in contrast with the study performed by Pendse 
et al. who found no statistically significant differences in 
the mean ADC values of bowel segments with and without 
histological inflammation [15].

To further establish the role of DWI, Qi et al. described 
the diagnostic accuracies of MRE alone and MRE combined 
with DWI among CD patients. They showed that MRE com-
bined with DWI had the highest sensitivity (93.5%), speci-
ficity (89.4%), and diagnostic accuracy (92%) for detection 
of lesions of CD compared to MRE or DWI alone, and b 
value 800 s/mm2 sequence showed the highest diagnostic 
sensitivity (74.1%) [16].

Our study showed the importance of DWI in the assess-
ment of resolution of inflammatory disease activity where it 
was used as an adjunct to the conventional MRE sequences. 
It accurately identified 93.5% of the inflamed segments and 
proved to be of utmost importance in identifying post-treat-
ment residual bowel inflammation just by qualitative assess-
ment and reinforcing objectively by rise in ADC values. 
However, it has several limitations, most important being 
the small sample size. In addition, measurement of ADC 
value requires placement of ROI on the bowel wall, but due 
to the marked difference in the degree of bowel wall thicken-
ing among patients, it was not possible to maintain a uniform 
size of ROI for calculating ADC. In spite of meticulous care 
in placing the ROIs, there may have been inherent and una-
voidable variability in sampling such a small area. To avoid 
this, the site for placing ROI was chosen after identifying the 
wall on T2W and post-contrast images, and the same person 
was assigned to place the ROIs in all studies. In patients with 
involvement of small bowel which could not be assessed 
either by upper GI endoscopy or colonoscopy, it was difficult 
to find a reference standard for confirming the diagnosis, as 
double balloon enteroscopy and capsule endoscopy are inva-
sive and expensive. Also, their use was precluded in patients 
with tight strictures due to risk of capsule getting stuck at 
the stricture site. Hence, due to the risks involved with these 
procedures, in patients with small bowel disease not acces-
sible by conventional endoscopy, symptomatic relief had to 
be taken as the reference standard for response to therapy.

CR complete response, PR partial response, NR no response

Table 3  (continued)

S. no. Patient no. Segment no. Site of involvement Pre-treat-
ment ADC 
 (10−3 mm2/s)

Post-treat-
ment ADC2 
 (10−3 mm2/s)

Grade according to 
signal intensity on b 
800 s/mm2 image

MRE response Clinical 
response

31 19 1 Distal and terminal 
ileum, ileocecal 
junction

1.12 1.17 3 NR NR



3018 Abdominal Radiology (2019) 44:3006–3018

1 3

Conclusion

DWI showed a high sensitivity (93.5%) for detecting 
inflamed bowel segments, and both qualitative and quanti-
tative DWI data showed good correlation with disease activ-
ity. There was a significant increase in the ADC values post 
treatment among responders, whereas no change was noted 
in non-responders. Both qualitative and quantitative DWI 
data (ADC values) can be used for assessment of disease 
activity and for objectively assessing treatment response, 
and DWI is a useful adjunct to the conventional MRE for 
assessment of inflammatory activity and post-treatment 
changes.
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