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Abstract
The diagnosis and monitoring of Crohn’s disease (CD) represents a diagnosis challenge in which imaging plays an im-

portant role. Aim: In the present paper we aim to demonstrate the role of sonoelastography (SE), performed in addition to 
hydrosonography (HS), in the evaluation of CD in children and to propose a scoring system for the appreciation of disease 
activity. Material and method: All the patients included into the study were diagnosed with CD and had underwent HS and 
SE as part of the imaging evaluation. In selected cases magnetic resonance enterography (MRE) was also performed. SE 
aspects were classified into three types, each corresponding to a specific bowel wall pattern: normal or remission (type A), 
inflammation (type B) and fibrosis (type C); this classification represents the basis of the scoring system. For the purpose 
of statistical analysis each evaluated bowel segment became an individual case. Results: Forty eight bowel segments were 
evaluated by SE: 21 type A, 20 type B and 7 type C. Statistically significant correlations were found between the intestinal 
wall HS changes, presence of complications, activity markers and the SE score. The HS assessment of the periintestinal area 
correlated only partially with SE score, while certain SE scores also proved to be predictors for the presence of complications 
or for increased values of the disease activity markers. Conclusions: SE, along with HS, represents a reliable investigation in 
the correct diagnosis and monitoring of pediatric patients with CD and the SE scoring system may be introduced as a method 
for the assessment of disease activity.
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Introduction

For any specific pathology, it is of the utmost impor-
tance to find a “perfect” imaging tool that will allow an 
accurate diagnosis and easy monitoring of the disease. In 
Crohn’s disease (CD), any segment of the digestive tract 
can be affected, but the ileum, colon or both are most fre-
quently involved [1]. According to the revised Porto Cri-
teria by ESPGHAN (European Society of Pediatric Gas-
troenterology, Hepatology, and Nutrition), a single gold 
standard for the diagnosis of CD is not available. The ac-
curate diagnosis should be based on a combination of his-
tory, physical and laboratory examination, esophagogas-

troduodenoscopy and ileocolonoscopy with histology, and 
imaging of the small bowel [2]. The most significant imag-
ing findings include: irregular thickening of the intestinal 
wall, mainly the submucosa, mucosal ulcerations, loss of 
parietal stratification, or loss of haustration [3]. Periintes-
tinal fat is also usually involved and there is enlargement 
of the mesenteric lymphnodes [3]. Several complications 
(fistula, abscess and stenosis) may also appear. [1]. CD can 
benefit from many imaging modalities: conventional X-
ray, ultrasonography (US), magnetic resonance enterog-
raphy (MRE), positron emission tomography, endoscopic 
videocapsule, or advanced endoscopy evaluations [1,2,4]. 
In the past decade, in Romania, an increasing number of 
cases of CD have been diagnosed among the pediatric 
population. The correct diagnosis included endoscopy 
with histology, as well as laboratory and imaging studies. 
Imaging modalities in pediatrics are different from those 
among the adult population with the ALARA (As Low 
As Reasonably Achievable) principle being the main and 
most important objective to consider when imaging chil-



423Med Ultrason 2015; 17(4): 422-430

dren [5]. US techniques have significantly improved in the 
last years allowing a highly accurate evaluation of the ma-
jority of the anatomical structures, including the digestive 
tract and its adjacent structures [6,7]. Sonoelastography 
(SE) is a new emerging technique and has been found to 
have more and more applications in current practice, in-
cluding the evaluation of the bowel [4]. According to our 
knowledge this technique has not been yet applied to the 
current practice of pediatric CD management. 

Since SE has been demonstrated to help differentiate 
inflammation from fibrosis in other pathologies, the idea 
of using it for the assessment of the bowel in children 
came naturally. It is possible and easy to apply it for chil-
dren since their abdominal wall is thinner and the target 
structures are close to the transducer [4,6]. 

The aim of this study is to determine whether SE of 
the bowel wall, in addition to hydrosonography (HS) of 
the colon is a useful tool in the assessment and monitor-
ing of pediatric patients with CD and to propose a SE 
scoring system for the assessment of CD activity.

Material and method

Patients
The study was conducted prospectively, between Oc-

tober 2014 and July 2015, and included 14 hospitalized 
patients (10 males), ages between 6 and 17 years and 7 
months (mean age±standard deviation: 12 years±3 years 
and 8 months), diagnosed with CD at the Gastroenterol-
ogy Department of the Emergency Children Hospital, 
Cluj-Napoca. All investigations, including the imaging as-
sessment, were performed after the informed consent was 
obtained from the parents or the legal guardians of the pa-
tients and with theapproval of the local Ethics Committee.

The including criteria were represented by: age under 
18 years old, a positive diagnosis of CD based on the 
clinical history, endoscopy, histology, and imaging in-
vestigations. Patients with different inflammatory bowel 
disease (IBD), other than CD, uncertain CD diagnosis 
and patients in whom SE or HS assessment could not be 
performed in optimal parameters (noncompliance or con-
traindications for the enema, failure of SE evaluation due 
to artifacts produced by constant presence of fluid within 
the bowel, multiple vessels surrounding the affected seg-
ments, significant gas bowel content or a large quantity 
of intraperitoneal fluid) were excluded from the study.

Imaging methods 
The equipment used for US evaluations was a Toshi-

ba Xario V 2.0 ultrasound machine with a linear probe, 
frequencies ranging between 7 and 14 MHz. The MRE 
examinations were performed on a 1.5 T magnetic reso-
nance equipment at Hiperdia Imaging, Cluj-Napoca.

1. Colon HS
Colon HS was used to determine the segments of the 

digestive tract affected by the pathological process (il-
eum, colon), to delineate colon and ileum wall, and to 
assess haustration and mucosal irregularities [8,9]. HS 
was performed after previous colon preparation (includ-
ing 2 enemas a few hours before examination), with the 
colon filled with fluid and after emptying. The colon was 
filled by a rectal catheter (8 Fr) and distended with body 
temperature water.

Bowel wall thickness > 3 mm was considered path-
ological and the stratification pattern was classified as 
follows: visualization of all the layers (stratification 
is present), blurred stratification with thickening of the 
submucosa and complete loss of stratification [6-8]. The 
presence of signal during color/power Doppler was con-
sidered a sign of disease activity. We evaluated vessels 
in the submucosa and the pattern of the vasa recta (fig 
1). The appearance of the peri-intestinal area, peritoneal 
fluid collections, and CD’s complications (stenosis, ab-
scesses, fistulas) were also assessed during the examina-
tion. Reaction of the mesenteric fat and enlargement of 
the lymph-nodes surrounding affected intestinal segment 
were considered signs of inflammation [3,6]. The absence 
of luminal expansion with suprajacent dilatation of the 
bowel was interpreted as a sign of stenosis. Fistulas or ab-
scesses were notified when linear hypoechoic trajectories, 
respectively delineated fluid collections, without Doppler 
signal inside were present in the thickened fat [3]. The 
complications were recorded as present or absent.

2. SE of the intestinal wall
SE was applied over the gray scale image after co-

lon emptying in a color scale way. The examination was 
performed in a freehand compression style (by realizing 

Fig 1. a) Gray scale US shows important inflammatory changes 
(bowel wall thickening with blurred stratification) at the level 
of the ileum (ILEON), ileocecal valve and cecum; b) Longitu-
dinal US scan of the terminal ileum shows parietal thickening, 
areas with blurred or lost stratification. In the small oval icon 
from the bottom (color Doppler interrogation) there are vessels 
in the middle part of the wall (corresponding to submucosa) 
and vessels oriented perpendicular to the wall (vasa recta – ar-
rowhead). The small icon from the top (T2 weighted MR evalu-
ation) reveals thickening of the intestinal wall and ileocecal 
valve reaction. 
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small and repetitive compression/decompression move-
ments) with B-mode and SE images simultaneously dis-
played on a dual screen. The region of interest (ROI) was 
defined by the operator. 

We conducted a qualitative evaluation of the intesti-
nal wall, using the following color code: red – soft, green 
– intermediary stiffness, and blue – hard. SE findings 
were classified as follows (fig 2): 

• Type A (normal bowel wall or wall in remission): in 
a normal or very mildly increased bowel wall thick-
ness, with preserved stratification of bowel wall 
layers, SE revealed “colored stratification”: mucosa 
and muscularis were blue and the submucosa was 
green (blue/green/blue pattern). 

• Type B (inflammatory wall): in a thick, regular or 
irregular wall, with preserved stratification, with or 
without hyperemia, the SE aspect was still “color-
ed stratification”, but with a different pattern: the 
submucosa was thicker and “harder” – green/blue; 
a thick wall with mildly blurred stratification, but 

“green” aspect of the submucosa (supposition of 
inflammation) was still classified as type B. 

• Type C (fibrotic wall): if there was complete loss 
of stratification (none of the bowel wall layers 
could be identified) and SE revealed a completely 
or almost completely “blue” wall, the segment was 
classified as a type C and was considered consistent 
with fibrosis.

A semi-quantitative evaluation of the intestinal wall 
was also realized by performing strain ratio measure-
ments. The target tissue was the affected intestinal wall 
at the level of submucosa or in the middle part of intes-
tinal wall if stratification was lost. The muscles of the 
anterior abdominal wall represented the reference tissue 
for the strain measurements. The examination was ini-
tially performed on the longitudinal view, afterwards the 
transducer was rotated 90 degrees for the transverse view 
of the intestinal segment and the compressions were mild 
and regular. An equal ratio was considered normal or a 
sign of remission; a higher target strain as compared with 
the muscles represented inflammation and a lower target 
strain was interpreted as fibrosis (fig 3) [10,11].

As previously stated the SE examination was per-
formed after colon emptying. The images were obtained 
with a flat intestinal lumen and we also tried to avoid large 
abdominal vessels from SE images. The last requirement 
was difficult for terminal ileum assessment because of 
the presence of iliac vessels and intestinal peristalsis. 
Whenever the intestinal lumen was distended with wa-
ter or the iliac vessels were visible in the image the SE 
image was influenced and artifacts occurred. Therefore 

Fig 2. The 3 types of SE findings: a) normally stratified wall, 
with normal thickness in a longitudinal view of the colon, dem-
onstrated a type A (blue/green/blue) “stratification” pattern; the 
strain of the colon and of the abdominal wall muscles were sim-
ilar (equal ratio); b) type B intestinal wall: the “stratification” is 
preserved, but the submucosa is enlarged (mucosa and muscu-
laris are blue and submucosa is green and thicker); strain meas-
urements revealed higher values of the ileum wall as compared 
with the abdominal wall muscles. During visual analyses the 
surrounding tissues (mesenteric fat) appeared softer; c) Trans-
verse colon with type C pattern (there is a “hard” appearance of 
the colon wall which is almost entirely blue); the surrounding 
tissue has a “soft” aspect. 

Fig 3. SE revealed a type B ileum segment with a strain simi-
lar with that of the abdominal wall muscles (a), with preserved 
stratification and thick submucosa and an ileum segment type 
C (b) with almost lost stratification (visual assessment reveals a 
“harder” appearance as compared with the surrounding fat and 
muscles; strain of the ileum was lower than that of the muscles). 
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measurements obtained in such situations were excluded 
from the study. The artifacts are presented in figure 4.

3. Other studies
In selected cases (6 patients) MRE was performed. 

MRE protocol consisted of bowel preparation by admin-
istration of Macrogol one hour before examination and 
i.v. contrast during the examination. Inflammation on 
MRE was documented by the presence of T2 hypersig-
nal, ulcerations or ill-defined margins and contrast media 
uptake at the level of the mucosa. Fibrosis on the other 
hand was suggested by the pattern of contrast media en-
hancement and the presence of stenosis.

Colonoscopy and upper digestive tract endoscopy 
were performed in all patients. 

C reactive protein (CRP), erythrocyte sedimentation 
rate (ESR) and calprotectine (CAL) were also deter-
mined in all patients in order to assess disease activity. 
These were classified as increased or normal. 

Monitoring
Some patients were diagnosed and treated before the 

present study started while others were diagnosed dur-
ing this period. Also a selected number of patients re-
ceived biological therapy while the study was going on. 
Therefore the bowel segments evaluated during the study 
actually represent various stages of the disease: at the di-
agnosis, after diagnosis and basic therapy, after biologi-
cal therapy, in remission, during reactivations, and with 
complications. Since the main objective of the present 

Fig 5. a) At diagnosis the descending colon showed important thickening with preserved stratification (type B pattern) and promi-
nence of a “soft” submucosa (S); the strain measurements were not performed due to the presence of fluid; b) At the level of the 
transverse colon (longitudinal scan) stratification was completely lost and Doppler color interrogation reveals just a few vessels in 
the thickened wall; The gray scale findings and SE aspect performed at this level, presented in figure 2 c, are suggestive for stenosis 
with fibrosis. The MR study (c) confirmed these suspicions: T2 weighted coronal view revealed hyposignal of the bowel wall and 
an aspect of the transverse colon very similar with US findings; d) SE after 2 months of therapy revealed a spectacular improvement 
in the descending colon: parietal stratification and the SE aspect suggests a type A pattern; e) Less changes were detected on the 
transverse colon:  on the gray scale examination the bowel wall appears very thick, with lost stratification and stenotic appearance; 
but the SE evaluation revealed an “improvement” regarding the elasticity of the colon (transverse view) – the visual evaluation was 
interpreted as having a softer aspect as compared with the previous assessment presented in figure 2 c.

Fig 4. a) Longitudinal scan of the transverse colon during hy-
drosonography: SE applied on a segment filled with water (pink 
target ROI) was irrelevant because a correct compression could 
not be applied and therefore proper qualitative or strain evalua-
tion was not possible. The abdominal wall muscle (yellow ref-
erence ROI) reveled a „hard” aspect during all examinations 
(the appearance was similar during compression and during 
relaxation). The RGB (red-green-blue) artifact is present in the 
luminal area. b) Assessment of ileum at the level of iliac vessels 
shows a type B SE pattern of the superficial bowel wall (black 
arrowhead): blue/green/blue aspect with prominence of sub-
mucosa, but the opposite wall of the ileum (white arrowhead) 
could not be evaluated by SE because of the artifacts produced 
by the presence of the iliac vessels (I); the appearance is blurred 
and the rim is undefined. 
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study was to demonstrate the role of HS and SE in the 
diagnosis and monitoring of patients with CD, the case 
presented in figure 5 proves the role of these methods in 
both diagnosis and follow up. 

Statistical anlysis 
The statistical analysis was performed using MedCalc 

12.5 software and the test that was applied was the Chi-
Square test (p<0.05). The US parameters considered for 
the statistical analysis were: bowel wall thickness, stratifi-
cation, vascularity, periintestinal involvement (fat infiltra-
tion, enlarged lymph-nodes) and presence or absence of 
complications (stenosis, fistula, abscess). The biochemical 
parameters considered for the analysis were: CRP, ESR 
and CAL. The US parameters were combined and defined 
for the purpose of statistical analysis as criterion 1 (thick-
ness + stratification), criterion 2 (thickness + vascularity) 
and criterion 3 (thickness + stratification + vascularity). 

Results 

We evaluated 48 bowel segments (30 ileum and 18 
colon segments), from 14 patients with CD, HS, and SE. 

Six patients underwent MRE, while laboratory studies 
and endoscopy were performed in all patients.

In 3 cases 4 HS and SE examinations were per-
formed; in 3 patients 3 examinations were realized; 8 
patients were evaluated twice, while one patient was as-
sessed only once. The distribution of US characteristics 
and the biochemical data, in relationship with the SE 
scores and SR values, is presented in table I. The results 
are expressed in numbers of bowel segments. 

Correlations between HS findings (thickening, strati-
fication), color Doppler findings and a combination of 
these and the SE score (type A, B, C) and SR values were 
established (table II). The distribution of the US features 
in relation with SE and SR was statistically significant 
(p<0.005).

The relationship between the peri-intestinal altera-
tions (fat infiltration, lymph nodes) and presence of com-
plications with the SE and SR aspects was also studied 
(table III). The correlation between fat infiltration and 
SE or SR was statistically significant (p< 0.0001 and 
p<0.0012, respectively), but there was no statistically 
significant relationship between the presence of enlarged 

Table I. Distribution of US criteria and biochemical data in relationship with the SE scores and SR values (results expressed in no. 
of bowel segments).

SE SR
A B C Lower Equal Higher

Crt 1
N thickness/N stratification 13 0 0 1 10 2
I thickness/N stratif 7 9 0 1 9 6
I thickness/Lost stratification 1 11 7 6 1 12

Crt 2
N thickness/No vascularity 13 0 0 1 10 2
I thickness/No vascularity 5 3 1 2 5 2
I thickness/ I vascularity 3 17 6 5 5 16

Crt 3

N thickness/N stratification/No vascularization 13 0 0 1 10 2
I thickness/ N stratific/No vascularisation 4 2 0 1 4 1
I thickness/Lost stratification/No vascularisation 1 1 1 1 1 1
I thickness/ N Stratific/I vascularisation 3 7 0 0 5 5
I thickness/Lost stratific/I vascularisation 0 10 6 5 0 11

PFI No infiltration of peri-intestinal fat 17 2 0 1 14 4
Infiltration of peri-intestinal fat 4 18 7 7 6 16

LN No lymph-nodes 16 11 2 4 14 11
Present lymph-nodes 5 9 5 4 6 9

C No complications 15 7 5 6 14 7
Present complications 6 13 2 2 6 13

CRP N 20 14 3 4 18 15
I 1 6 4 4 2 5

ESR N 19 7 3 3 17 9
 I 2 13 4 5 3 11

CAL N 19 11 3 4 17 12
I 2 9 4 4 3 8

Criterion 1 – bowel thickness and stratification; Criterion 2 – bowel thickness and vascularity; Criterion 3 – bowel thickness, stratification, 
and vascularity; PFI – periintestinal fat infiltration; LN – lymph nodes; C – complications; CRP – C reactive protein; ESR – erythrocyte 
sedimentation rate; CAL – calprotectine; SE – sonoelastography score (A – normal, B – inflammation, C – fibrosis); SR – strain ratio; N – 
normal; I – increased
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lymph-nodes and the SE and SR of the bowel (p=0.0673 
and p=0.5052, respectively). The correlation between the 
presence of complications and the SE and SR was also 
found to be significant, but the correlation was not as 
strong (p=0.0430 and p=0.0418).

A statistically significant correlation (p<0.05) was 
found between the disease activity markers (ESR, CRP 
and CAL) and the SE and SR findings, with the exception 
of CAL that did not significantly correlate with the SR 
values (p=0.1065) (table IV).

In a multivariate logistic regression analysis (step-
wise) we identified that SE type B is an independent pre-
dictor for complications and SE and SR are predictors 
for increased levels of the disease activity markers. SE 
type C is a predictor for increased levels of CRP and SE 
type B and SR lower measurements represent combined 
predictors for elevated levels of ESR. An univariate lo-
gistic regression analysis additionally demonstrated that 
SE type B or SR type C represent predictors for elevated 
CAL (table V). 

 Discussions

SE has initially been used to assess breast lesions 
and liver fibrosis, but in the last decade this method was 
found to have many applications in a wide range of fields 
[12,13]. We propose the use of this US application to as-
sess the ability of the intestinal wall to be compressed. 
There are a few articles in literature that reveal the possi-
bility of evaluating the bowel by elastography, but to our 
knowledge the examinations have not been introduced in 
the current evaluation of pediatric CD patients and there 

Table II. Correlations between US findings and SE and SR
Crt 1 
SE

Crt 1 
SR

Crt 2
SE

Crt 2
SR

Crt 3 
SE

Crt 3 
SR

χ2 33.95 19.27 28.18 13.76 37.50 22.58
DF 4 4 4 4 8 8
p <0.0001 <0.0007 <0.0001 =0.0081 <0.0001 =0.0039

Criterion 1 – bowel thickness and stratification; Criterion 2 – bowel 
thickness and vascularity; Criterion 3 – bowel thickness, stratifi-
cation and vascularity; SE – sonoelastographic score; SR – strain 
ratio values; χ2 – chi square; DF – degrees of freedom

Table III. Correlations between the presence of periintestinal 
involvement and complications and SE and SR

PFI
SE

PFI
SR

LN
SE

LN
SR

C
SE

C
SR

χ2 26.93 13.39 5.39 1.37 6.29 6.34
DF 2 2 2 1 2 2
p <0.0001 =0.0012 =0.0673 =0.5025 =0.0430 =0.0418

PFI – periintestinal fat infiltration; LN – lymphnodes; C – compli-
cations; SE – sonoelastographic score; SR – strain ratio values; χ2 

– chi square; DF – degrees of freedom 

Table IV. Correlations between disease activity markers and SE 
and SR findings

CRP
SE

CRP
SR

ESR
SE

ESR
SR

CAL
SE

CAL
SR

χ2 9.12 5.26 14.23 8.79 8.55 4.48
DF 2 2 2 2 2 2
p =0.0104 = 0.0721 = 0.0008 =0.0123 =0.0139 = 0.1065

CRP – “C” reactive protein; ESR – erythrocyte sedimentation rate; 
CAL – calprotectine; SE – sonoelastographic score; SR – strain 
ratio values; χ2  – chi square; DF – degrees of freedom

Tabel V. Sonoelastrography and strain ratio – predicting factors for complications and increased values of the disease activity markers.
SE = B – Complications SE = C – CRP SE = B/SR lower – ESR SE = B/C – CAL

Coeff 1.53 1.86 2.82
2.58

2.05
2.53

Std dev 0.62 0.86 0.87
1.04

0.86
1.06

p 0.01 0.03 0.001
0.013

0.018
0.017

Odds Ratio 4.64 6.47 16.82
13.28

7.77
12.66

95% CI 1.35-15.90 1.17-35.58 3.02 to 93.57
1.70-103.6

1.41 to 42.66
1.56 to 102.30

ROC analysis AUC
SDT ERR 
95 CI

0.68
0.07
0.53 to 0.80

0.64
0.10
0.49 to 0.77

0.79
0.06
0.65 - 0.89

0.73
0.07
0.59-0.85

SE=B – sonoelastrographic type B; SE=C – sonoelastrographic type C; SR lower – strain ratio values lower than the those of the reference 
tissue (muscle of the anterior wall of the abdomen); CRP – C reactive protein; ESR – erythrocyte sedimentation rate; CAL – calprotectine; 
CI – confidence interval.
SE type B – predictor for complications, SE type C – predictor for increased CRP, SE type B and SR lower – combined predictors for el-
evated ESR, SE type B or C – predictors for increased calprotectine 
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have been no studies published yet demonstrating its role 
[10,11].

In the management of CD the most important ques-
tions that need to be answered have to do with disease 
activity and differentiation between inflammation and 
fibrosis. This is usually done by determining the inflam-
mation marker (CRP, ESR, CAL) and performing MRE 
examinations [14-17]. But in pediatrics MRE requires 
sedation and contrast media administration, which we 
try to minimize or avoid. Since US and especially HS is 
an important part of the evaluation of CD pediatric pa-
tients, we completed the examination with elastography 
to see if it could be used for the evaluation of CD activity 
and to differentiate between inflammation and fibrosis. 
Our study revealed a statistically significant correlation 
between the bowel wall thickness, stratification pattern, 
vascularisation, and SE score. This observation is impor-
tant since both vascularisation patterns and SE give in-
formation on the activity of the disease. 

Sjekavica et al found that the intensity of color Dop-
pler and the resistance index in the arteries of the thick-
ened bowel wall are important parameters in the evalua-
tion of CD activity [18].

The present study shows that elastography brings ad-
ditional information to those provided by color Doppler, 
because it proves that segments with increased vascular-
ity may actually represent different stages of the patho-
logical process: active inflammation (type B or higher 
SR), progression towards fibrosis (type C or lower SR) 
or remission after treatment (type A or equal SR). A sta-
tistically significant correlation was also found between 
bowel wall thickening, the stratification pattern, color 
Doppler findings and the SE score and SR values. We 
believe that these findings suggest that the degrees of 
inflammation and fibrosis might be distinguished with 
elastography. 

Inflammation and fibrosis can be quantified and grad-
ed using MRI. Rimola et al classified the different stages 
of inflammation and concluded that MRI accurately de-
tects severe fibrosis based on the enhancement pattern 
[14]. In our study group there were 6 patients who un-
derwent MRE, but the number of evaluated bowel seg-
ments was too small to statistically establish a correlation 
between elastography and MRE. Nevertheless since all 
of these patients had advanced forms of the disease the 
MRE findings proved to be accurately overlapping the SE 
and SR findings. In bowel segments, which were highly 
suggestive for fibrosis based on US findings, important 
thickening, loss of stratification, no vascularity, type C on 
SE, MRI diagnosed clear fibrosis. Therefore, we believe, 
based on these observations and some already published 
studies, that elastography may become in the future a re-

liable tool in differentiating inflammation from fibrosis 
in CD patients. Future studies are required in order to 
accurately demonstrate these findings [10,11].

Another important observation is that there were no 
bowel segments in our study group with normal thick-
ness and lost stratification. That is because therapy is able 
to reverse the pathological process when the affected 
segment is inflamed or not entirely fibrotic, but not when 
there is true fibrosis 

We also attempted to correlate the visual score and 
the SR values of the intestinal wall with the changes we 
found in the periintestinal area (fat infiltration and pres-
ence of lymph nodes close to the segment in question). 
There was a good correlation between the SE scores, SR 
values and the presence of fat infiltration. Almost all B 
type segments and all the C type segments were accom-
panied by infiltration of the periintestinal fat. This means 
that the worse the score was, the higher the probability of 
having fat infiltration. In the same manner most intestinal 
segments with SR values consistent with either fibrosis 
or inflammation were accompanied by fat infiltration and 
those segments that were in remission were surrounded 
by normal periintestinal fat. Neither the SE scores nor 
the SR values correlated with the presence of enlarged 
lymph nodes. 

Complications represent an important issue in the di-
agnosis, therapy and monitoring of patients with CD. It 
is known that in the weighted Pediatric Crohn’s Disease 
Activity Index (wPCDAI), the presence of some compli-
cations is considered [19].

In children, most complications (stenosis, fistulas, 
abscesses) are visualized and accurately defined with 
HS and the additional use of color Doppler [6,9]. One of 
the most important limitations of HS has to do with the 
distinction between inflammatory stenosis and fibrotic 
stenosis. On grey scale they may appear similar, but we 
were able to notice in our study group that SE is able to 
distinguish between the two and our findings were con-
firmed by the MRE results [14].

Another important result regarding the relationship 
between SE and the presence of complications was that 
a type B on SE turned out to be a predictor of complica-
tions. Several inflammation markers were evaluated over 
the years for the diagnosis, differential diagnosis and for 
the assessment of CD activity. In our study we attempt-
ed to establish if there are correlations between the SE 
and SR results and some of these markers. In the era of 
biological treatment their importance is increased due to 
their potential to evaluate therapy response. Vermeire et 
al concluded that CRP is useful in the monitoring of CD 
as it correlates well with disease activity [20]. Addition-
ally, Henriksen et al concluded that CRP values are pre-
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dictors for surgery in patients with CD [21]. ESR is also a 
reliable marker for the assessment of disease activity, but 
is less useful in clinical practice compared with CRP, due 
to its longer half-life and interference with other markers. 
Another important marker is represented by the faecal 
CAL. Burria et al showed that measuring faecal CAL can 
be highly useful in the diagnosis and management of IBD 
and that it could also predict disease course [22]. Addi-
tionally, a recent meta-analysis came to the conclusion 
that the addition of CRP and CAL to the clinical criteria 
improved the confident diagnosis of IBD [23].

We found that a type C on SE is a predictor for in-
creased CRP values, that a type B on SE with a lower 
strain on SR represent combined predictors for high ESR 
and that both B and C types on SE are predictors for in-
creased CAL. Since all of these are disease activity mark-
ers and are used for monitoring and treatment response 
assessment, our findings lead us to affirm that the SE 
scoring system may also be used for the evaluation of the 
disease activity and therapy response. 

The main limitation of our study is represented by 
the small number of patients enrolled in the study and 
therefore small number of bowel wall segments that were 
evaluated. This of course meant an even smaller number 
of patients that underwent both elastography and MRE 
and prevented us from accurately evaluating the relation-
ship between MRE findings and SE. We believe that es-
tablishing a significant correlation between MR and SE 
will help validate SE as reliable method for assessing 
disease activity. That needs to be the subject of future 
research. Since none of the patients from our study group 
underwent surgery during the time of the study, we were 
not able to establish any agreement between the histo-
pathological findings and SE findings. In the era of bio-
logical therapy this will be a difficult task to accomplish 
since most patients will not end up having surgery. Other 
limitations of the study are related to the method itself. 
As expected only superficial bowel wall segments could 
be evaluated using SE, while the presence of intraluminal 
fluid and the presence of large vessels close to the af-
fected bowel segment hindered the examination. Never-
theless, most of the time, these inconveniencies could be 
avoided. All US examinations were performed by only 
one examiner and therefore the intra/interobserver vari-
ability could not be evaluated.

In conclusion SE, performed in addition to HS, rep-
resents a reliable investigation in the correct diagnosis 
and monitoring of pediatric patients with CD and the SE 
scoring system may be introduced as a method for dis-
ease activity assessment. Further studies are needed to 
validate the technique as a modality to differentiate be-
tween inflammation and fibrosis.
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