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the bowel wall in healthy volunteers
and in ulcerative colitis

Ruediger S Goertz , Christian Lueke, Barbara Schellhaas,
Lukas Pfeifer, Dane Wildner , Markus F Neurath and
Deike Strobel

Abstract

Background: Acoustic radiation force impulse (ARFI) elastography is a non-invasive, ultrasound-based approach of

evaluation of tissue elasticity. It has not yet been systematically applied to the bowel wall.

Purpose: To perform ARFI elastography of the bowel wall in healthy volunteers and patients with ulcerative

colitis (UC).

Material and Methods: A high-frequency ultrasound (with bowel wall thickness and vascularization score) and an

ARFI elastography of the bowel wall were performed in 20 patients with UC and 13 healthy volunteers. At least 10 ARFI

measurements were obtained within the terminal ileum and the ascending, transverse, descending, and sigmoid colon

and correlated with results of high-frequency ultrasound.

Results: The UC group had mostly moderate disease activity. All patients had signs of inflammation upon B-mode

ultrasound. Eight patients showed an ulcerative (ileo)pancolitis. Overall, ARFI elastography values and wall thickness

were higher in the UC group than in the group of healthy volunteers (P¼ 0.021 and P< 0.001, respectively). ARFI

velocities of the separate segments were significantly higher in the transverse (P¼ 0.045) and sigmoid colon (P¼ 0.032)

in case of UC.

Conclusion: ARFI elastography of the bowel wall of the colonic frame and the terminal ileum is feasible but shows high

standard deviation. ARFI shear wave velocities appear to be slightly higher in patients with UC than in healthy volunteers,

particularly in the sigmoid and transverse colon. Further studies are needed.
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Background

Elastography is a non-invasive, ultrasound-based tech-

nique for the evaluation of tissue elasticity and has

emerged in recent years. Ultrasonic elastography

comprises two different approaches, namely strain

elastography and shear wave elastography (1). Strain

elastography visualizes relative elasticity within a

region of interest (ROI) as a color-coded elastogram.

Recently, Ishikawa et al. (2) evaluated strain elastogra-

phy in comparison to endoscopic findings in 37 patients

with ulcerative colitis (UC). The classification by four
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elastographic patterns (normal, homogeneous,

random, and hard) correlated significantly with quies-

cent disease, slight or moderate inflammation, or ful-

minant disease.
Acoustic radiation force impulse (ARFI) point shear

wave elastography rapidly measures a regional average

of shear wave velocity (m/s) as an objective quantita-

tive marker of elasticity. It has mainly been used in

liver disease to detect hepatic fibrosis or cirrhosis (3).

Normal shear wave velocities can exclude hepatic cir-

rhosis with a negative predictive value of about 96%

(4). Elastography was used to evaluate inflammation or

fibrosis in Crohn’s disease (5–7) but has not yet been

systematically applied in the bowel wall of patients

with UC.
Transabdominal high-frequency ultrasound is often

initially performed in inflammatory bowel disease

(8–11) to assess localization and extent of disease

with its possible complications. An elastographic

assessment by ARFI could easily complement disease

evaluation within the same setting but has not yet been

assessed in patients with UC.
In an animal model of UC, optical coherence elas-

tography showed recently significant stiffness differen-

ces between a healthy colon and UC (12). Normal

ARFI values for healthy gut segments are unknown.

This study aimed at performing ARFI measurements

within the bowel wall in healthy volunteers and in

patients with UC. ARFI shear wave velocities of the

terminal ileum and the colonic frame segments were

analyzed and correlated with findings of B-mode

sonography of the bowel wall.

Material and Methods

Thirteen healthy volunteers and 20 patients suffering

from clinically active, histologically proven UC in a

follow-up were enrolled in a prospective study between

January 2014 and March 2015. Demographic data

such as age, gender, and body mass index (BMI)

were recorded. The patient cohort contained data of

C-reactive protein (CRP< 5 mg/L) and the clinical

MAYO-Subscore to evaluate disease activity of UC.

The local ethics committee approved the study that

complied with the ethics guidelines of the Helsinki

Declaration. Informed consent was obtained from

each study participant.
In patients with UC, the clinical Mayo-Subscore was

assessed (13), which contains the mean daily stool fre-

quency over the past three days (0–3 points), rectal

bleeding (0–3 points), and subjective appraisal of dis-

ease activity by the physician (0–3 points). The clinical

subscore can amount to a maximum of 9 points. A sum

of 0–1 point indicates clinical remission, 2–4 points

mild disease, 5–7 points moderate, and >7 points

severe activity.
Both, high-frequency ultrasound and ARFI point

shear wave elastography of the bowel were carried

out using an Acuson S2000 ultrasound device

(Siemens Medical Solution, software version VB21A,
Erlangen, Germany) with the linear transducer 9L4.

All study participants were in a supine position with

a relaxed breath-hold during ARFI measuring. The

healthy volunteers had fasted for >8 h. One senior

physician with >6 years of experience (DEGUM qual-

ification level 2) performed the examinations. The tar-

geted locations were the terminal ileum and ascending,

transverse, descending, and sigmoid colon. Relevant

bowel wall movements possibly affecting elastography

were excluded visually. Contact pressure of the trans-

ducer was just as high as to visualize the destinated

locations. During gray-scale ultrasound, the bowel

wall thickness (mm) and intramural semi-quantitative

vascularization (grade 0–4) were evaluated.

Vascularization was semi-quantitatively scaled accord-
ing to Limberg et al. (14) (0¼ normal bowel wall,

1¼ thickened bowel wall without color Doppler

signal, 2¼with few, short signals, 3¼with long intra-

mural perfusion signals, and 4¼with intramural and

mesentery signals). According to pathologic bowel wall

thickening (�3 mm) or pathologic semi-quantitative

color Doppler vascularization score, the bowel segment

was classified as inflamed (ileitis or sigmoiditis) or

normal (ileum or sigmoid). Presence of mesenteric

inflammation, inflammatory lymph nodes, or ascites

was documented.
The Virtual Touch Tissue Quantification mode was

used to perform ARFI measurements. The resulting

shear wave velocity is proportional to the square root

of tissue elasticity. Results are expressed in meters per

second (m/s). A 6� 5 mm region of interest (ROI) was

centered within the bowel walls including the whole

collapsed bowel section in healthy or mainly the ante-

rior wall in diseased bowel during real-time B-mode

imaging (Fig. 1). During a relaxed pause in breathing,

measurements were conducted in a longitudinal section

of the dedicated bowel segment. A least 10 measure-

ments and the measurement depth were recorded.
ARFI shear wave velocities as well as clinical and

laboratory characteristics were shown as mean

� standard deviation (SD) together with the range.

The Spearman’s correlation coefficient (r) was used to

analyze relationships between variables. The two-sided

t-test was used for comparison of means. Tables or

typical box plots illustrate the results. The circle and

star mark outliers. A P value< 0.05 was considered a

significant difference or analysis. The Statistical

Package for the Social Sciences (version 19.0.0.1,
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IBM SPSS Statistics, Armonk, NY, USA) was used for

statistical analyses.

Results

Thirteen healthy volunteers were evaluated (6 women,

7 men; mean age¼ 26 years; BMI¼ 22.5 kg/m2). None

of them had mesenteric inflammation, enlarged lymph

nodes, or ascites. The group of healthy volunteers

revealed a mean ARFI of all bowel segments of 1.75

� 0.51 m/s (0.92–3.29) and a mean bowel wall thickness

of 1.55� 0.42 mm (0.6–2.9) (Table 1). The specific

elastographic and thickness measurements of the sepa-

rate bowel segments are shown in Table 2. No signifi-

cant correlations between ARFI values and BMI, age,

or bowel thickness in any of the bowel segments

were observed.
A total of 20 patients with UC (10 women, 10 men;

mean age¼ 33 years; BMI¼ 24.8 kg/m2) were evaluat-

ed. Three patients had only a therapy with aminosali-

cylates, six in addition with cortisone, three patients

were on azathioprine, seven on infliximab or adalimu-

mab, and one patient on vedolizumab. The mean

Mayo-Subscore was 6.6� 1.7 points (range¼ 3–9).

Fig. 1. Differences of ARFI elastography in UC: (a) a slight 3.8-mm sigmoid thickening with low-grade hypervascularization; and (b)
high active ulcerative sigmoiditis.

Table 1. Overall characteristics of the healthy group and 20 patients with ulcerative colitis (UC).

Healthy UC P value

Sex (M/F) 7/6 10/10

Age (years) 26.4� 4.9 (18–34) 33� 10.8 (18–51) 0.048

BMI (kg/m2) 22.5� 3.9 (17.7–32.1) 24.8� 4.3 (18.8–32.5) n.s.

CRP (<5mg/L) – 39� 42 (1.7–137.5) –

Mayo-Subscore (points) – 6.6� 1.7 (3–9) –

Overall wall thickness (mm) 1.55� 0.42 (0.6–2.9) 3.38� 1.36 (0.6–7.5) <0.001

ARFI of all bowel segments (m/s) 1.75� 0.51 (0.92–3.29) 1.97� 0.64 (0.85–4.12) 0.021

Measurement depth (cm) 2.4� 0.8 (1–4) 2.7� 0.7 (1–4) 0.284

Table 2. ARFI shear wave velocities of different bowel segments of 13 healthy volunteers and 20 patients with ulcerative colitis (UC).

ARFI (m/s) Bowel wall thickness (mm)

Healthy UC P value Healthy UC P value

Terminal ileum 1.6� 0.35 (1.08–2.27) 1.62� 0.53 (0.85–2.89) n.s. 1.4� 0.3 (0.7–1.9) 2.2� 1.1 (1.1–5.0) 0.024

Ascending colon 1.96� 0.57 (1.36–3.29) 2.10� 0.84 (1.29–4.12) n.s. 1.6� 0.5 (0.8–2.3) 2.5� 1.5 (0.6–5.8) 0.046

Transverse colon 1.55� 0.37 (1.11–2.29) 1.94� 0.60 (0.94–3.61) 0.045 1.3� 0.5 (0.6–2.1) 3.4� 1.3 (1.4–5.7) <0.001

Descending colon 1.90� 0.71 (0.92–3.23) 2.03� 0.71 (1.02–3.46) n.s. 1.7� 0.5 (1.2–2.9) 4.0� 1.3 (1.9–6.3) <0.001

Sigmoid colon 1.76� 0.55 (1.01–2.80) 2.18� 0.51 (1.42–3.12) 0.032 1.8� 0.4 (1.3–2.7) 4.8� 1.6 (2.1–7.5) <0.001
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CRP was 39� 42 mg/L (range¼ 1.7–137.5). Two
patients had mild, ten moderate, and eight patients
severe clinical activity. Sonographically, all patients
had signs of inflammation: four patients had an ulcer-
ative ileopancolitis; four had pancolitis; four had
enhanced left-sided colitis; five had left-sided colitis;
and three had sigmoiditis. Sixteen patients had mesen-
teric fatty inflammation, nine had inflamed lymph
nodes, and five had ascites. The patient group showed
mean ARFI values of all bowel segments of 1.97
� 0.64m/s (range¼ 0.85–4.12) and a mean bowel wall
thickness of 3.38� 1.4 mm (range¼ 0.6–7.5). Both
were significantly higher than those of the healthy
group (P¼ 0.021 and P< 0.001, respectively). Also,
the ARFI elastography of the separate bowel segments
showed higher shear wave velocities in UC than those
of the healthy group, respectively (Fig. 2). A statistical-
ly significant difference was shown within the trans-
verse and sigmoid colon (Table 2). The difference

of the bowel wall thickness between the healthy
group and UC group was statistically significant in all
segments (Fig. 3).

Neither Mayo-Subscore nor the CRP level correlat-
ed significantly with any of the ARFI measurements
within the bowel segments. Only ARFI values of the
sigmoid did correlate with wall thickness of the sigmoid
(r¼ 0.491; P¼ 0.028), but not with the Limberg score.
None of the other ARFI measurements correlated sig-
nificantly with wall thickness or Limberg score within
the corresponding bowel segment, respectively. ARFI
elastography did not correlate with measurement depth
in any of the bowel segments, neither in healthy volun-
teers nor in patients with UC. In the healthy group, the
measurement depth of ARFI elastography in the
descending colon (3.0� 0.8 cm) was significantly
deeper than in the sigmoid (2.0� 0.7 cm; P< 0.01),
the transverse colon (P¼ 0.017), the ascending colon
(P¼ 0.049), and the terminal ileum (P¼ 0.017). In the

Fig. 2. Box plot of ARFI shear wave velocities of different bowel segments of 13 healthy volunteers and 20 patients with UC.
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patient group, the measurement depth differed signifi-

cantly (P< 0.001) between the sigmoid (2.3� 0.7 cm)

and the descending colon only (3.1� 0.7 cm).

Discussion

High-frequency ultrasound of the bowel wall is used in

patients with UC to reveal signs of inflammation such

as bowel wall thickening, loss of wall stratification, or

increased blood flow within the thickened wall (15,16).

This inflammation may change elasticity of the bowel

wall and might be depicted by ARFI point shear wave

elastography.
In our study, the majority of patients with UC had

moderate to severe activity and overall ARFI shear

wave velocities of the bowel were significantly higher

than in healthy volunteers. Also, within the separate

colonic and ileal segments, ARFI mean values and

the variability (standard deviation) were higher in

case of UC. No correlations were found between

ARFI elastography and semi-quantitative vasculariza-

tion score, clinical Mayo-Subscore or measure-

ment depth.
UC as an ascending inflammation from the rectum

shows not always a right-sided inflammation.

Therefore, bowel wall thickness and ARFI elastogra-

phy were more discriminative in the left-sided colon

than in the right-sided colon. Both, bowel wall thick-

ness and ARFI values may not exclude inflammation,

as UC induces an inflammation confined to the mucosa

and submucosal layers only being shown during endos-

copy (17). An earlier study could show that elasto-

grams generated by ARFI imaging can be used to

visualize the normal anatomical planes of the intestinal

bowel wall (18). Furthermore, the boundaries of colon-

ic tumors could be delineated by ARFI imaging. These

conclusions were drawn from an ex vivo evaluation of

freshly excised surgical specimens using the high

frequency linear transducer 75L40. An evaluation of

strain elastography in UC then showed that a

Fig. 3. Box plot of wall thickness of different bowel segments of 13 healthy volunteers and 20 patients with UC.
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normal/soft to an inhomogeneous/hard pattern corre-
sponded to a higher endoscopic inflammatory activity
(2). Rustemovic et al. used transrectal endoscopic ultra-
sound elastography in 28 healthy controls, 30 patients
with Crohn’s disease, and 25 patients with UC to assess
disease activity in the rectum (19). There was no signif-
icant difference between UC and controls (strain ratio
0.65 vs. 0.68). In this study, 11 of 25 patients with UC
had no signs of activity and none had high disease
inflammation. To our knowledge, a study evaluating
ARFI point shear wave elastography in UC does
not exist. Normal ARFI values have not yet
been presented.

Mean bowel wall thickness of the healthy group in
our study was about 1.5 mm. The size of the ARFI
ROI is not variable. Setting a fixed ROI with 6� 5mm
might be disputed because, particularly in normal
bowel wall thickness, obviously normal surrounding
connective tissue lies within the ROI. Thus, the result-
ing shear wave velocity is a compound of elasticity of
bowel wall, intestinal cavity, and surrounding tissue
(possible mesenteric reaction). In this context, bowel
wall thickening seems to be more helpful for distin-
guishing normal and inflamed bowel wall. In our
study, bowel wall thickness differed statistically signif-
icant between the single bowel segments, whereas the
differences between the ARFI values were not equally
pronounced. Visualization of the sigmoid might be
facilitated by its anatomic position being closer to the
transducer than the other segments, particularly in
comparison to the descending colon. This fact could
have affected ARFI measurements. In this context, in
an animal model of inflammatory bowel disease, ARFI
shear wave velocities rose with increasing pressure
induced by the linear transducer 9L4 (20). Thus, indi-
vidually different pressures by the transducer during
measurements might have affected the results. CRP
as a systemic marker of inflammation and local blood
flow seemed not to have any influence on ARFI bowel
elastography.

Certain weaknesses might impair the interpretation
of our results: possible reference standards such as
imaging by magnetic resonance imaging (MRI) or
such as endoscopic activity scoring by colonoscopy
were not available; only correlation of ARFI elastog-
raphy with ultrasonic and clinical parameters was per-
formed. There exists no standardization of measuring
bowel wall by ARFI. The significance of obesity, inter-/
intra-observer reliability (depending on experience),
and applicability of an ARFI quality parameter (inter-
quartile range/median> 0.30) is unknown (21). A pos-
sible influence of disease duration (with unknown
balance of normal, inflammatory, or even fibrotic com-
ponents within the bowel wall) or concomitant medical
drugs on ARFI elastography in UC is unclear. In the

prospective cohort, the sample size was quite small, but

showed after all mainly higher (moderate to severe)

activity. Inflammation of the bowel wall impairs
peristalsis, thus inflamed colon or terminal ileum

show regularly no relevant peristalsis during ultra-

sound. ARFI elastography in healthy volunteers was

performed in apparently motionless walls, so we
assume no relevant influence by possible bowel

movements. Nevertheless, this prospective pilot study

shows feasibility of bowel wall ARFI in UC and

healthy volunteers.
In conclusion, ARFI elastography of the bowel wall

of the colonic frame and the terminal ileum is feasible

but shows high standard deviation. ARFI shear wave

velocities appear to be slightly higher in patients with
UC than in healthy volunteers, particularly in the sig-

moid and transverse colon. Further studies are needed.
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