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Real-time elastography for the detection of fibrotic
and inflammatory tissue in patients with stricturing Crohn’s
disease
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Abstract

Purpose The distinction between active inflammation and

fibrosis of the bowel wall is essential for therapeutic

decisions in stricturing Crohn’s disease. We aimed to

assess whether real-time elastography (RTE) with strain

ratio measurement could be useful in differentiating

fibrotic from inflamed bowel strictures and to evaluate the

possible relationship between US techniques and the his-

tology of the stenotic bowel wall.

Materials and methods Bowel ultrasonography (including

RTE, color-Doppler and CEUS examination) was

prospectively evaluated in 26 patients with symptomatic

stricturing Crohn’s disease, before surgery. RTE was

adopted to evaluate bowel stiffness: five loops of 20 RTE

frames were recorded for each stenotic segment and the

mean strain ratio (MSR) was obtained. Histology scoring

systems both for inflammation and fibrosis were estab-

lished for surgical specimens.

Results No significant correlation was found between

MSR and fibrosis score (P = 0.877). Color-Doppler score

was significantly related to gut wall and submucosal

thicknesses (P = 0.006 and P = 0.032, respectively).

There was no significant correlation between the number of

vessels counted at histology and color-Doppler and CEUS

examinations (P = 0.170 and P = 0.302, respectively).

Conclusion MSR detection was not able to distinguish

fibrotic from inflammatory tissue in our selected popula-

tion. This result could be influenced by the presence of the

superimposed inflammation. Larger cohort of patients,

further analysis with shear wave elastography, and vali-

dated histopathology classification systems for fibrosis and

inflammation are necessary to assess if intestinal fibrosis

could be reliably detected on the basis of bowel elastic

properties.

Keywords Real-time strain elastography � Color-Doppler �
CEUS � Fibrosis � Inflammation � Crohn’s disease

Sommario

Obiettivo la distinzione tra infiammazione attiva e fibrosi

nella parete intestinale è essenziale nel proceso decisionale

della terapia nella malattia di Crohn stenosante. Lo scopo

del nostro studio era di stabilire se l’elastografia real-time

(RTE) con la misurazione dello strain ratio potesse essere

utile nel differenziare il tessuto fibrotico da quello infi-

ammatorio nella parete intestinale stenotica, e di valutare la

presenza di correlazioni tra le tecniche ecografiche di stu-

dio delle anse intestinali e le caratteristiche istologiche dei

segmenti analizzati.
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Materiali e metodi Lo studio ecografico delle anse

intestinali che comprendeva anche RTE, valutazione color-

Doppler e CEUS, è stato eseguito in maniera prospettica in

26 pazienti con malattia di Crohn stenosante sintomatica,

prima dell’ intervento chirurgico resettivo. La RTE è stata

utilizzata per valutare la rigidità della parete intestinale: 5

filmati di 20 frames di elastografia sono stati registrati per

ogni segmento stenotico, per ogni frame è stato calcolato lo

strain ratio e quindi ne è stata ottenuta la media (MSR). E’

stato poi stabilito uno score istologico per l’ infiammazione

e la fibrosi per i pezzi operatori analizzati.

Risultati non è stata rilevata alcuna correlazione signi-

ficativa tra MSR e score istologico della fibrosi

(P = 0877). Il Color-doppler correlava significativamente

con lo spessore di parete e l’ispessimento della sottomu-

cosa (P = 0006 e P = 0032, rispettivamente). Non è stata

trovata una correlazione significativa tra il numero di vasi

rilevato sul pezzo istologico e gli score color-Doppler e

CEUS (P = 0170 e P = 0302, rispettivamente).

Conclusioni il calcolo del MSR non si è rivelato un

parametro efficace nel distinguere tra tessuto fibrotico ed

infiammatorio nella nostra popolazione. Questo risultato è

influenzato da vari fattori, tra cui probabilmente la comp-

resenza di infiammazione. Coorti di pazienti più ampie,

ulteriori analisi con l’ausilio eventualmente dell’ elas-

tografia shear-wave, e sistemi di classificazione istopato-

logici validati sia per la fibrosi che per l’infiammazione,

risultano necessari per stabilire se la fibrosi intestinale

possa essere rilevata in maniera affidabile sulla base delle

proprietà elastiche della parete intestinale.

Introduction

Crohn’s disease is a chronic, transmural bowel wall

inflammation that can lead to complications such as stric-

tures or fistulas [1, 2]. Fibrosis, as a result of the recurrent

inflammatory episodes, occurs unpredictably and con-

tributes to bowel obstruction [3, 4]. The distinction

between active inflammation and fibrosis of the bowel wall

is essential for therapeutic decisions. Patients with ‘in-

flammatory’ strictures can potentially be managed with

medical treatment, whereas patients with narrowed fibrotic

bowel segments, in particular, if associated with obstruc-

tive symptoms, frequently require endoscopic dilatation or

surgery [5]. The assessment of the amount of bowel wall

fibrosis could allow clinicians to identify patients who

could take advantage of early surgical treatment, avoiding

potentially harmful and costly immunosuppressant anti-

inflammatory medical therapies.

While the anatomic location and length of the inflamed

intestinal segments and their possible complications, such

as abscess or stenosis, can be accurately assessed both with

ultrasonography (US), computed tomography (CT) and

magnetic resonance imaging (MRI), to date any imaging

method showed enough accuracy to characterize the pres-

ence of or assess the degree of fibrosis in a bowel stricture

[6, 7].

Ultrasonography, being noninvasive, free of ionizing

radiation, easily repeatable and well tolerated, has

increasingly emerged as an alternative imaging technique

for diagnosis and follow-up of Crohn’s disease patients in

clinical practice. The introduction of color-Doppler and

contrast-enhanced ultrasound (CEUS) increased US accu-

racy in the detection of bowel vascularization, with a good

correlation with clinical and endoscopic activity findings

[8–14].

Recent preliminary studies introduced ultrasound elas-

ticity imaging as a noninvasive technique to assess bowel

tissue mechanical properties, as already successfully

applied for liver or kidney disease [15–18]. Both strain

elastography and shear wave elastography demonstrated

good accuracy to differentiate inflammatory from fibrotic

intestine in rat models of inflammatory bowel disease

[19, 20]. To date, only one small proof-of-concept study by

Baumgart et al. investigated in vivo real-time strain elas-

tography (RTE) in Crohn’s disease patients as a useful

method to detect fibrotic tissue in affected vs. unaffected

segments [21]. RTE provides a colored-scale elastogram on

B-mode images where the distribution of the strain (stiff-

ness) of the studied tissue can be obtained within a region

of interest.

The primary aim of our study was to measure bowel

wall stiffness in stricturing Crohn patients using in vivo

RTE and to evaluate its role in differentiating the extent of

fibrosis and inflammation assessed by histology. In addi-

tion, we also evaluated the relationship between US, color-

Doppler and CEUS and the histological features of the

stenotic bowel wall.

Materials and methods

Population

Between January 2011 and December 2013, 32 consecutive

patients who were followed-up at the IBD unit of our

Department required ileocolonic resection for stricturing

Crohn’s disease. The primary indication for surgery was a

symptomatic bowel obstruction due to stricturing ileo-

colonic Crohn’s disease. The IBD medical team, made up

of gastroenterologists, surgeons and radiologists, indicated

elective surgery on the basis of severity of symptoms,

instrumental diagnostic findings (endoscopy and CT

enterography or MR enterography) and clinical history. All
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these patients were invited to participate in a prospective

study by undergoing ultrasound examination, including

color-Doppler, CEUS and strain elastography, within a

seven-day period before surgery. The exams were per-

formed by two physicians with strong experience in

intestinal bowel disease US (C.S. and E.F.), which were

aware of the patient’s diagnosis of Crohn’s disease, but

unaware of the patient’s clinical and biochemical data. US

data were used for comparison with the histological find-

ings obtained from the surgical specimens. Prior to surgery

a careful clinical history was collected, including age, sex,

site and duration of disease, type of previous medical

treatment and number of previous operations. The Harvey

Bradshaw Index (HBI) and C-reactive protein value (CRP)

were as well recorded [22].

Patients with pure colonic disease and patients with

complicated disease and urgent surgical indication were

excluded. Patients with extreme technical US disadvan-

tages (very deep bowel segments, too thin bowel walls,

very meteoric abdomen), despite the operators experience,

were also excluded.

Ultrasonography examination

Real-time ultrasound was performed using an iU22 Philips

(Philips, Bothell, WA, USA), initially employing a

1–5 MHz convex-array transducer and then a 3–9 MHz

linear transducer. The entire gastrointestinal tract was

submitted to a gray-scale ultrasound examination. Each

stenosis was first identified in B mode, as a pathological

wall thickness with a narrowed lumen below a significant

bowel dilation [23]. The distance from the ileocecal valve,

or from the previous anastomosis in already operated

patients, was measured. This helped to match between US

and histology of the examined gut segments.

US disease activity scores were assigned to the stricture,

considering the wall thickness (thickness score 1, 3–5 mm;

2, 6–8 mm; 3, 9–11 mm; 4,[ 11 mm) and the wall strat-

ification (stratification score 0 normal; 1 normal but with a

thickened submucosal layer; 2 lost, with hypoechoic echo

pattern. The intensity of the Doppler signal was subjec-

tively graded as absent (grade 0), with mild vascularity

(grade 1), and with marked vascularity (grade 2), according

to a modified and simplified Limberg score, [24].

Real-time strain elastography examination

We adopted real-time strain elastography to estimate the

gut wall strain-stiffness induced by vascular pulsations. All

the patients were thin so that in no case a free-hand com-

pression was necessary and we could obtain good quality

elastograms by vascular pulsations. The examination was

conducted using a Philips 5–12 MHz linear transducer. The

patient was required breath-holding and the probe was held

over the stenotic segment, already studied on B-mode.

When a good static ultrasound image was obtained, a

rectangular elastogram was dimensioned over the stenotic

segment. The strain of the tissue included in the elastogram

was displayed on B mode images in real-time, with an

overlapping color map. Areas with lower strain (relative

hard tissue) were depicted in blue and those with higher

strain (relative soft tissue) in red, by a color gradation

scale. For each segment, five loops of elastography were

recorded, each loop made by 20 consecutive elastograms.

Each one of the five loops included the same stenotic tract

of the studied bowel segment. On each loop two different

rectangular ROI (region of interest) were manually drawn

and placed, one on a reference tissue (ROI1) and one on the

upper part of the cross-sectioned gut wall (ROI2), making

sure that luminal content and surrounding tissues were

excluded (Fig. 1). We chose as reference tissue the area

that was most uniformly red (representing the bottom of the

color scale), since a dark-red area could always be detected

in the deepest portion of the elastogram [25].

For each elastogram, the Philips QLAB software cal-

culated the strain ratio (SR), a numerical value that rep-

resented the ratio between ROI1 and ROI2 strains and

measured the stiffness of the examined tissue. The software

calculated the mean SR of the 20 elastograms of each loop

(mSR) and then the mean mSR of the 5 loops (MSR). This

final MSR value was used to compare RTE stiffness with

histological data of the examined bowel segment.

CEUS examination

CEUS was performed with the Philips 3–9 MHz linear

transducer, using the second generation intravenous echo-

contrast agent SonoVue (Bracco, Milan, Italy). SonoVue

was prepared just before administration by adding 4 and

8 mL of sterile saline solution (0.9% NaCl) to the vial and

then shaking for at least 20 s. It was injected through a

three-way 20-gauge catheter into an antecubital vein, fol-

lowed immediately by an injection of 10 mL of normal

saline solution (0.9% NaCl). With the probe held over the

stenotic segment previously identified with B mode, the

contrast uptake was recorded on a disk, starting a few

seconds before the intravenous administration of the con-

trast until the venous phase of enhancement, at least for

2 min. The enhanced layer arrangement of the bowel wall

was then evaluated according the four patterns of

enhancement previously proposed by our group: pattern 1,

complete enhancement of the entire wall section; pattern 2,

absence of enhancement only in the outer border of the

muscularis propria; patter 3, absence of enhancement both

in the outer and in the inner border of the bowel wall;

pattern 4, complete absence of enhancement in the entire
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Fig. 1 B-mode image of a stenotic bowel segment, with a superim-

posed rectangular colored elastogram. The two black boxes on the

elastogram represent the ROI1, on the reference tissue, and the ROI2,

on the upper part of the cross-sectioned gut wall. On the column on

the right it is displayed the Philips QLAB software numerical

examination of the ratio between ROI1 and ROI2 strains (strain ratio,

SR)

Fig. 2 Representation of bowel

wall enhancement with CEUS.

The white areas correspond to

the distribution of the bowel

wall enhancement. Pattern 1

enhancement of the whole

bowel section. Pattern 2 absence

of enhancement only in the

external border of the

muscularis propria. Pattern 3

enhancement only in the

intermediate layer. Pattern 4

complete absence of

enhancement in the whole

bowel section. (Figure adapted

by author from ‘‘Figure. 1’’:

Serra et al. [10])
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wall section [10]. One point was assigned to patterns 1 and

2 (abundant bowel wall enhancement), 0 point to patterns 3

and 4 (poor bowel wall enhancement) (Fig. 2).

Histopathology evaluation

After surgical resection, full gut wall segments were

standardly processed (hematoxylin–eosin-stained and

Masson trichrome-stained slides). An experienced gas-

trointestinal pathology specialist evaluated histologic

specimens, blinded to the clinical details and ultrasound

findings of the patient. A close conversation between the

physicians who performed US and the pathologist was

established to match the area on which the US probe had

been placed during pre-surgery examinations and the

studied specimens. The distance between the studied seg-

ment and the ileocecal valve or the previous anastomosis

measured with US, was used to identify the site of histo-

logical evaluation. At least three different histological

sections were taken and examined for each segment. The

whole gut wall thickness and the different gut wall layers

(mucosa, submucosa, serosa and muscularis mucosae) were

measured in millimeters on hematoxylin–eosin-stained

slides. Histologic evaluation was conducted according to

the general recommendations of the histopathology con-

sensus in inflammatory bowel disease published by ECCO

[26]. Since there is currently no agreement on any

numerical histopathology classification system, we adopted

the scoring system for inflammatory and fibrostenotic

features of Crohn’s disease proposed by Chiorean et al.

[27], with some modifications for the fibrosis score, as

shown in Table 1. For the purpose of the study, the highest

grading scores for each sectioned specimen were taken into

consideration. To assess differences in mean strain ratio,

bowel segments were differentiated in low and high fibrosis

score (0–2 vs. 3–4) and low and high inflammation scores

(0–1 vs. 2–3). The number of vessels in each slide was also

measured using CD31 stain for endothelial cells.

Clinical evaluation

Clinical activity at the time of US examination was

assessed using the HBI (clinical remission, HBI B 4; mild

disease activity, 5 B HBI B 7; moderate–severe disease

activity, HBI C 8) while CRP was used as the biochemical

activity marker (positive if[ 0.8 mg/dl). For statistical

analysis, patients were dichotomized in mild (HBI B 7)

and moderate–severe activity (HBI C 8).

Statistical analysis

Mean, median, standard deviation (SD), interquartile range

(IQR) and range were used as descriptive statistics for

scalar variables while absolute and relative frequencies

were reported for discrete data. The variability among the

five RTE measurements made for each bowel segment was

determined by computing the coefficient of variation as

percentage (CV %). The Spearman’s rank correlation and

Mann–Whitney U test were used. The IBM SPSS Statistics

package (IBM Co., Armonk, NY, USA; version 23) was

used to manage and analyze the data and two-tailed

P values less than 0.05 were considered statistically

significant.

Ethical Considerations

The local Ethic Committee of the S. Orsola-Malpighi

Hospital approved the study protocol (Identification

Number 067/2011/O/Sper). All patients gave informed

written consent, and the study was performed in conformity

Table 1 Histological scoring system for inflammatory features of Crohn’s disease stenosis

Inflammation score

Score 0 No polymorphonuclear or mononuclear leukocytes infiltrates Low inflammation

Score 1 Mild: cryptitis, leukocytes infiltrates limited to mucosa

Score 2 Moderate: cryptitis, crypt abscess, and leukocytes infiltrates until the submucosa High inflammation

Score 3 Severe: transmural inflammation with leukocytes infiltrates in all the layers

Fibrosis score

Score 0 None or normal fibrosis Low fibrosis

Score 1 Minimal fibrosis limited to submucosa

Score 2 Submucosal and muscular layer fibrosis\ 30%

Score 3 Submucosal and muscular layer fibrosis between 30 and 60%, with preserved layers High fibrosis

Score 4 Massive transmural fibrosis[ 60%, effacement of normal layers
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with the ethical guidelines of the Declaration of Helsinki

[28].

Results

Twenty-six of 32 patients were recruited. Six patients were

excluded because the stenotic segment could not be clearly

localized at the US examination. Among the 26 enrolled

patients, ten (38.5%) were females and 16 (61.5%) were

males. Three patients (13.6%) were active smokers. The

mean age at disease diagnosis was 35.5 ± 11.0 years

(20–59 years), with mean disease duration of

11.7 ± 7.5 years (0–25 years). Ten patients (38.5%) had

previous ileo or ileocolonic resections due to Crohn’s

disease and ten patients (38.5%) were previously treated

with anti-TNF alpha. Twelve patients (46.2%) presented

moderate–severe activity (HBI C 8), 12 (46.2%) mild

disease activity (5 B HBI B 7) and 2 (7.6%) were in

clinical remission (HBI B 4) according to the HBI. CRP

was positive in 12 patients (46.2%) (Table 2).

Three patients underwent double stenosis resection, so

that a total of 29 bowel segments were examined. The

histopathology evaluation of the 29 specimens reported

mean gut wall thickness of 5.98 ± 2.82 mm

(2.39–16.0 mm) and mean submucosal thickness of

2.99 ± 1.75 mm (0.28–8.00 mm), while the mean number

of vessels obtained from the analysis of at least three dif-

ferent histological sections for each segment was

11.9 ± 3.8 (6.9–22.5).

Histology inflammation score ranged from grade 1 to 3

(0% of grade 0): 31.0% of segments presented low grade of

inflammation (grade 1), 58.6% a moderate grade (grade 2)

and 10.4% a high grade (grade 3) of inflammation. At the

same time, the fibrosis score ranged from grade 1 to 4, with

6.9% of low grade of fibrosis (grade 1), 51.7% of mild

grade (grade 2), 24.1% of moderate grade (grade 3) and

17.3% of high grade (grade 4) of fibrosis (Table 3).

Twenty-five patients concluded the whole ultrasound

examination while one patient could not complete CEUS

due to a cutaneous allergic reaction.

Eleastographic examination

In the 29 bowel segments examined, the mean MSR was

3.41 ± 0.64 (median value 3.15; IQR 2.96-3.88; range

2.53–5.02) with a mean CV % among the 5 measurements

of 12.3 ± 4.7% (median value 11.0%; IQR 8.8–15.8%;

range 5.7–23.2%). The relationships between MSR and

histological, clinical and biochemical parameters are

shown in Table 4. There was no significant correlation

between MSR and fibrosis and inflammatory scores

(P = 0.877 and P = 0.531, respectively) even when they

were dichotomized in high- and low-scores (fibrosis score

P = 0.894; inflammatory score P = 0.572). In addition,

MSR showed no significant correlation also with HBI, CRP

and previous anti-TNF alpha therapy.

US, color-Doppler and CEUS examination

The results of the whole ultrasonographic examination are

shown in Fig. 3. The majority of bowel segments presented

wall thickness between 3 and 8 mm at ultrasound exami-

nation (34.5% between 3 and 5 mm and 44.8% between 6

and 8 mm). The bowel stratification was preserved but with

a thickened submucosal layer in 51.7% of cases, while it

was lost with hypoechoic echo pattern in 27.6% of cases.

Two (6.9%) bowel segments had no vascular signals at

color-Doppler evaluation, 9 (31%) presented rare signals

and 18 (62.1%) intense signals. The majority of bowel

segments presented high contrast uptake at CEUS evalua-

tion, with enhancement of the whole bowel wall (pattern 1)

in the 39.3% of cases, and absence of enhancement only in

the external border of the muscularis propria (pattern 2) in

the 46.4% of cases.

Table 2 Characteristics of the 26 patients

Sex: male

Female

16 (61.5%)

10 (38.5%)

Age (mean ± SD; years) 35.5 ± 11.0

Smokers 3/22 (13.6%)

Disease duration (mean ± SD; years) 11.7 ± 7.5

Previous surgery 10 (38.5%)

Previous anti-TNF alpha therapy 10 (38.5%)

CRP:\ 0.8 mg/dL

C 0.8 mg/dL

14 (53.8%)

12 (46.2%)

HBI: B 4

5–7

C 8

2 (7.6%)

12 (46.2%)

12 (46.2%)

CRP C-reactive protein, HBI Harvey Bradshaw index

Table 3 Distribution of the 29 bowel segments according to the

inflammatory and fibrotic histological scores

Score value Inflammatory score Fibrosis score

0 0 0

1 9 (31.0%) 2 (6.9%)

2 17 (58.6%) 15 (51.7%)

3 3 (10.4%) 7 (24.1%)

4 – 5 (17.3%)
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As far as the relationships among US techniques are

concerned, a significant positive correlation was observed

between B-mode thickness and B-mode stratification score

(P = 0.010; Fig. 4) and a significant negative correlation

was observed between color-Doppler score and CEUS

score (P = 0.026; Fig. 5). B-mode scores were not sig-

nificantly related with color-Doppler score and CEUS score

(P[ 0.350).

Table 5 shows the relationships between US techniques

and histological, clinical and biochemical parameters. A

significant correlation was found between color-Doppler

score and gut wall thickness and submucosal thickness

assessed by histology (P = 0.006 and P = 0.032, respec-

tively), while color-Doppler score did not significantly

correlate with the fibrosis and inflammatory scores

(P = 0.288 and P = 0.764, respectively). No other sig-

nificant correlations were found between histology and US

or CEUS evaluations of the gut wall (P[ 0.063). The

number of vessels counted at histology was not

significantly related to US techniques (P[ 0.170); in

particular, we found no significant correlation between the

number of vessels and color-Doppler or CEUS scores

(P = 0.170 and P = 0.302, respectively). Finally, no sig-

nificant correlations were observed between the US tech-

niques and clinical and biochemical parameters

(P[ 0.138).

Discussion

Due to the importance of strictures composition in the

medical management of Crohn’s disease, several studies

investigated for an accurate noninvasive diagnostic tool to

differentiate fibrosis from inflammation, but none have

fully succeeded. Some of the studies lack an appropriate

reference standard: to assess the transmural extent of

Crohn’s disease, imaging findings should be compared to

full-thickness bowel wall tissue specimens, which is

Table 4 Relationships between

mean strain ratio (MSR) and

histological, clinical and

biochemical parameters

Statistics P value

Fibrosis score (0–4)

High score (3–4) vs. low score (0–2)

rs = 0.030a

z = - 0.133b
0.877

0.894

Inflammatory score (0–3)

High score (2–3) vs. low score (0–1)

rs = - 0.121a

z = - 0.566b
0.531

0.572

HBI

Mild (0–7) vs. moderate/severe (C 8)

rs = - 0.030a

z = - 0.263b
0.879

0.792

CRP (mg/dL) rs = - 0.150a 0.485

Previous anti-TNF alpha therapy (yes vs. no) z = - 0.045b 0.964

CRP C-reactive protein, HBI Harvey Bradshaw index
aSpearman rank correlation
bMann–Whitney test

Fig. 3 Distribution of

ultrasound scores (thickness and

stratification scores), color-

Doppler score and CEUS score
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possible only if the subjects undergo surgery immediately

after imaging. Two recent studies focused on CT and MRI

enterography in detecting fibrosis in stricturing Crohn’s

disease before surgery. Adler et al. showed that CT

enterography could not reliably establish the presence of

fibrosis in small bowel Crohn’s strictures. Moreover, the

lack of enterography inflammation signs was not able to

predict the presence of fibrotic tissue, as previously

assumed [29]. At the same time, Barkmeier et al. failed to

significantly correlate the majority of MRI findings with

bowel wall histological fibrosis, except for pre-stenotic

upstream dilatation [30].

Only recently, a small number of studies have investi-

gated the role of ultrasound elasticity imaging in differ-

entiating inflammatory from fibrotic bowel tissue in both

animal models of colitis and in ex vivo Crohn’s disease

bowel specimens. First, Kim et al. demonstrated stiffness

changes in fibrotic vs unaffected bowel segments of rat

models of colitis [19]. Then Stidham et al. found that strain

elastography could differentiate between inflammatory and

fibrotic intestine in rat models of colitis and could distin-

guish fibrotic from unaffected bowel segments in subjects

with Crohn’s [20]. At the same time, Dillman group used

shear wave elastography to discriminate between acutely

inflamed and fibrotic intestine in Crohn’s rat models

before, and in ex vivo human intestinal specimens after.

Bowel wall shear wave speed measurements increased

when transmural intestinal fibrosis was present. The non-

linear relationship between shear wave speed and fibrosis

was related to the coexistence of inflammation in the

examined tissues [31, 32].

Finally, Havre et al. showed that RTE with SR could

detect fibrotic harder tissue in resected lesions from both

colorectal carcinomas and Crohn’s disease but could not

detect any strain differences between benign transmural

lesions and malignant tumors [33].

In light of these preliminary positive results, we tested

RTE to quantify fibrosis in vivo Crohn’s disease bowel

strictures. RTE is a noninvasive technique that evaluates

tissue’s strain induced by a quasi-static mechanical force

(manual compression, cardiovascular pulsation, respiratory

motion). Strain imaging is essentially qualitative, because

its quantification would require knowledge about the stress

distribution within the body [34]. Therefore, some pseudo-

quantitative methods have been proposed, like the strain

ratio (SR) measurement. SR have been successfully applied

to compare the stiffness of breast lesions and to quantify

liver fibrosis although the inter-operator reproducibility of

this techniques has not been assessed [23, 35–37].

In our study, RTE with SR detection was not able to

distinguish fibrotic from inflammatory tissue in Crohn’s

stenosis. It also did not correlate with clinical and bio-

chemical markers. Even if elastography seemed to be a

good method to differentiate fibrotic and inflammatory

tissue in animal bowels, it failed to quantify fibrosis in

in vivo human bowel segment. There could be several

possible explanations.

First of all, unlike rat models of colitis where inflamed

and fibrotic strictures are reproduced separately, our

Fig. 4 Relationship between gut wall thickness (thickness score) and

gut wall layering (stratification score) assessed by B-mode US

(P = 0.010; Spearman rank correlation). (Thickness score 1,

3–5 mm; 2, 6–8 mm; 3, 9–11 mm; 4,[ 11 mm. stratification score:

0 normal; 1 normal but with a thickened submucosal layer; 2 lost,

with hypoechoic echo pattern.)

Fig. 5 Relationship between color-Doppler signal intensity (color-

Doppler score) and CEUS patterns (CEUS score) (P = 0.026;

Spearman rank correlation). (Color-Doppler score: grade 0 absent

vascularity; grade 1 mild vascularity; grade 2 marked vascularity.

CEUS score: pattern 1 enhancement of the whole bowel section;

pattern 2 absence of enhancement only in the external border of the

muscularis propria; pattern 3 enhancement only in the intermediate

layer; pattern 4 complete absence of enhancement in the whole bowel

section)
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analyzed fibrotic strictures presented a high grade of

inflammation (69% of strictures with moderate or severe

grade of inflammation). What is recently emerging for

Crohn’s strictures is that not only inflammation and fibrosis

coexist, but also the majority of highly fibrotic strictures

frequently contain large amounts of superimposed active

inflammation [29–32, 38, 39]. We do not know how

inflammation changes could modify the elasticity of the

bowel wall and, since strain elastography furnishes a

number that evaluates the elastic properties of the whole

bowel wall, it could be influenced by the presence of both

fibrosis and inflammation. Thus, with RTE and SR we

probably cannot differentiate fibrosis from inflammation at

all. Furthermore there is currently no agreement on any

numerical histopathology classification system to score

inflammatory and fibrotic features of Crohn’s disease.

Following the abovementioned considerations, we think

that RTE evaluation might take advantage of a unified

histologic score for fibrosis and inflammation.

Another matter of issue was the setting of the reference

tissue for the SR calculation. We positioned the reference

ROI1 on an area of the image represented by the colour at

the bottom of the scale, located in the deepest part of the

elastographic box. This technique, successfully applied for

the static and more homogeneous liver parenchyma, might

be less accurate when the complex structures below the

bowel wall, its physiological movements and the imposed

luminal content pressure are involved [25]. The mesenteric

hypertrophy beneath Crohn’s strictures could influence the

segment elasticity and create variability in the ROI1

values, and additionally, whereas the affected bowel seg-

ments appear more rigid than the near unaffected ones,

there are still some remaining peristaltic movements that

could affect RTE measurements. Therefore, the lack of a

reference tissue might not appear to be adequately com-

pensated by technical standardization and placement of a

reference ROI in the deepest part of the elastographic box.

Fraquelli et al. [39] showed that the SR had excellent

ability to discriminate severe bowel fibrosis with evidence

of no influence of the histologic degree of inflammation on

strain ratio at multivariate analysis. This conclusion is quite

different from that of the present study. One possible

explanation could be the different choice of the reference

tissue, as in the paper by Fraquelli et al. the mesenchymal

tissue surrounding the affected bowel was selected. As the

Authors comment in the discussion section, the mesenteric

inflammation could be a possible bias. Since there are

many factors that could influence its severity and histology

composition (disease duration, on-going therapy, etc.), it

could eventually differ from patient to patient, with

unknown consequences on the elastographic

measurements.

In this study we found no correlation between B-mode

bowel wall layering and histology, as already known and

reported in literature. Ultrasound imaging is generated by

the different interfaces between the bowel layers, while the

US detection of the wall thickness is influenced by the

pulse length and by the axial resolution of the transducer.

When the ultrasound wave reaches an interface, it increases

the thickness of the superficial layer and generates a

Table 5 Correlation between ultrasound scores, Color-Doppler score and CEUS score and histological, clinical and biochemical parameters in

the 29 bowel specimens of the 26 patients

Thickness score Stratification score Color-Doppler score CEUS score

Histological wall thickness rs = - 0.035

P = 0.856

rs = - 0.185

P = 0.337

rs = 0.497

P = 0.006

rs = - 0.246

P = 0.207

Histological submucosal thickness rs = 0.167

P = 0.395

rs = - 0.191

P = 0.330

rs = 0.407

P = 0.032

rs = - 0.123

P = 0.540

Fibrosis score rs = - 0.246

P = 0.198

rs = - 0.093

P = 0.632

rs = 0.204

P = 0.288

rs = - 0.247

P = 0.205

Inflammatory score rs = 0.259

P = 0.176

rs = 0.350

P = 0.063

rs = 0.058

P = 0.764

rs = - 0.097

P = 0.622

No of vessels rs = 0.053

P = 0.783

rs = 0.010

P = 0.958

rs = 0.262

P = 0.170

rs = - 0.202

P = 0.302

HBI rs = - 0.027

P = 0.889

rs = - 0.050

P = 0.796

rs = 0.196

P = 0.309

rs = 0.092

P = 0.641

CRP rs = 0.312

P = 0.138

rs = - 0.123

P = 0.568

rs = 0.106

P = 0.623

rs = 0.089

P = 0.686

Spearman rank correlation

CRP: C-reactive protein; HBI: Harvey Bradshaw index
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subtraction of thickness from the deep echo-poor layer. The

influence of this phenomenon is so relevant in the complex

and multi-layered structure as the bowel wall, that in

clinical practice, it is considered the presence or the loss of

stratification rather than the single layer thickness [40].

As expected, a thickened bowel wall was found to be

related with loss of normal stratification at B-mode eval-

uation. We also found a significant positive correlation

between color-Doppler signal intensity and gut wall

thickness, in particular submucosal thickness, assessed by

histology. This could be attributable to the several vascular

and microvascular changes, such as vasculitis, neovascu-

larization, and dilation of feeding arteries and draining

veins that characterize Crohn’s affected bowel segments,

especially the submucosal layer, which could simultane-

ously enhance Doppler signals and increase bowel wall

thickness [23, 41]. Interestingly, color-Doppler and CEUS

assessment of bowel wall vascularization showed no cor-

relation with the effective number of vessels at histology,

unlike what could be presumably expected. The histologic

vascular assessment was made on non-perfused intestinal

specimens, while CEUS and color-Doppler were conducted

on in vivo bowel segments, where the inflammatory related

microvascular changes and the vascular dilatation are

marked and variable. The amount of flow rather than the

number of vessels could be probably the leading cause of

both color-Doppler and CEUS signals increase [42, 43].

We indeed confirmed the presence of hypervascularization

in chronically inflamed bowel segments [13]. Although

practical and accurate for clinical activity assessment, the

CEUS parameters we used to assess inflammation have

some limitations because they provide a qualitative and not

a quantitative assessment of vascularization. Finally, we

found a significant positive correlation between color-

Doppler and CEUS vascular evaluation, which could sug-

gest in the pre-surgical setting to use the faster and

cheapest color-Doppler analysis, and limit CEUS exami-

nation to the dubious or negative color-Doppler

evaluations.

In conclusion, despite the abovementioned limitations,

we think that this exploratory study could be a starting

point to discuss the role and the best method to apply

elastography for the study of the gastrointestinal tract. One

of the major criticisms made against ultrasonography is the

limited reproducibility of ultrasound findings; to address

this criticism, it would be necessary to standardize tech-

nical settings and find numerical values to describe ultra-

sound data. We aimed with strain elastography and SR

assessment to overcome this problem, and despite our

attempt to standardize its evaluation, our method have not

proven satisfactory. Further investigations with larger

cohort of patients are needed to assess if intestinal fibrosis

could be reliably detected on the basis of bowel elastic

properties, and to establish which could be the best

approach to standardly quantify it, including the shear

wave technique. Shear wave elastography is a technique

which directly evaluates the elastic properties of a tissue,

using an acoustic radiation force impulse technology, that

measures the velocity of the propagation of the generated

shear wave. Conversely strain elastography gives an

undirect measurement of tissue stiffness, because it fur-

nishes a numeric value based on a colored graduated scale.

Based on this difference, shear wave might appear a more

reliable tool for detecting bowel stiffness. On the other

hand, in recent study Lu et al. [44] failed to correlate shear

wave elastography with histological fibrosis in Crohn’s

affected bowel segments, but demonstrated a moderate

correlation between shear wave and muscular hypertrophy.

This aspect should be investigated in larger studies and at

the same time, because histology is the reference method to

assess transmural disease activity, a consensus on a

numerical histopathology classification system for fibrosis

and inflammation is warranted.

Since there is currently no accurate diagnostic tool to

completely detect the amount of intestinal fibrosis in a

bowel stricture, the decision to operate or not is still based

on the overall patient evaluation made by expert clinicians.
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