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Background: Transabdominal ultrasound (US) has been reported to be effective in the evaluation of 
ulcerative colitis (UC). US can measure shear wave elastography (SWE) and shear wave dispersion (SWD), 
which may be correlated with inflammation and necrosis. We aimed to investigate the relationship between 
UC activity and SWE and SWD.
Methods: Patients with UC who underwent US within 2 days before or after a colonoscopy between April 
2019 and March 2020 were included. SWE and SWD were measured in the sigmoid colon; the correlations 
of SWE and SWD with the Lichtiger index and the Ulcerative Colitis Endoscopic Index of Severity (UCEIS) 
were investigated. We also compared SWE and SWD between patients with mucosal healing and those in 
the active phase according to the UCEIS.
Results: Twenty-six UC patients were enrolled. The median Lichtiger index, UCEIS, SWE values, and 
SWD values were 8 [interquartile range (IQR), 5.3–10.8], 4 (IQR, 3.3–5), 1.69 (IQR, 1.49–2.16) m/s, and 
11.9 (IQR, 10.9–13.3) (m/s)/kHz, respectively. The Lichtiger index and UCEIS were negatively correlated 
with the SWE values (rs=−0.404 and rs=−0.506) but not with the SWD values (rs=0.004 and rs=0.002). The 
SWE values differed significantly between the mucosal healing and active phase groups [2.40 (IQR, 2.18–3.38) 
vs. 1.62 (IQR, 1.44–1.95) m/s, P=0.007], whereas the SWD values did not [13.1 (IQR, 7.05–21.6) vs. 11.9 
(IQR, 11.1–13.2) (m/s)/kHz, P=0.918].
Conclusions: SWE may be useful for the evaluation of UC activity and could be a noninvasive method of 
assessing disease severity.
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Introduction

Ulcerative colitis (UC) is a disease that causes diffuse 
and nonspecific inflammation of unknown etiology in the 
colonic mucosa. It is often characterized by relapses and 
remissions during the clinical course and is associated 
with a risk of carcinogenesis. Colonoscopy is almost 
always used to diagnose UC and evaluate the effectiveness 
of treatment (1). In recent years, mucosal healing based 
on endoscopic findings has been proposed as the goal of 
treatment (2), and periodical colonoscopy is performed. 
Endoscopy may also be repeated within a short period 
to evaluate the effectiveness of treatment (1). However, 
colonoscopy is painful for some patients and may cause 
complications or the worsening of colitis due to irritation 
caused by endoscopic procedures, including bowel 
preparation (3). Examination without bowel preparation 
is possible, but the risk of pain and complications of the 
procedure itself remains. The acceptability of endoscopy 
as a monitoring tool for inflammatory bowel disease (IBD) 
has been shown to be low, and alternative methods need 
to be developed (4).

Transabdominal ultrasound (US) has lower risk and is a 
less painful test than colonoscopy. The European Crohn’s 
and Colitis Organisation (ECCO) and the European 
Society of Gastrointestinal and Abdominal Radiology 
(ESGAR) guidelines include US as one of the diagnostic 
tools for IBD, and gastrointestinal US can be performed 
without bowel preparation (5). Several papers have reported 
the utility of US for UC, and it has also been found to be 
effective in assessing intestinal wall thickness and blood 
flow on color Doppler (6-8). Regarding the hardness of the 
intestinal wall, it has been reported that the hardness of the 
intestine differs between normal subjects and UC patients 
(9,10). Nair et al. reported that the Young’s modulus of 
the intestine of UC patients was found to be lower than 
that of normal subjects via hardness measurements using 
optical coherence tomography in an ex vivo study (9,10). 
Elastography is a noninvasive technique for measuring the 
elasticity of tissues. US elastography can be divided into two 
types: strain elastography, which visualizes the distribution 
of distortions, and shear wave elastography (SWE), which 
quantifies tissue elasticity by measuring the shear wave 
speed (11). We have previously reported that the pattern of 
distortion distribution on strain elastography correlates with 
endoscopic findings in patients with UC (12). Some recent 
papers have shown a correlation between the activity of UC 
and SWE (13,14). SWE visualizes the propagation of shear 

waves and noninvasively quantifies tissue elasticity based 
on propagation speed. Recently, it has also become possible 
to simultaneously measure tissue viscosity by shear wave 
dispersion (SWD). Quantitative testing has the advantage 
of maintaining objectivity. SWD has been reported to 
reflect inflammation and adipogenesis in the liver and 
pancreaticobiliary region (15-17).

In this study, we investigated how SWE and SWD 
obtained via US are related to the activity of UC. The 
primary endpoint was the correlation of the severity 
of inflammation in UC with SWE and SWD. The 
secondary endpoints were the correlation of the severity 
of inflammation with wall thickness in patients with UC 
and verifying the validity and reliability of SWE and SWD 
obtained via US.

Methods

Out of 39 UC patients aged 20 years or older who were 
hospitalized in our hospital between April 2019 and March 
2020 for whether exacerbation of UC, periodic examination 
of UC, or diseases other than UC, consent was obtained 
from 26 patients for inclusion in the study. Of these, 22 
had exacerbation of UC, 1 had a periodic examination of 
UC, and 3 were hospitalized for other diseases. All patients 
underwent US within 2 days before or after colonoscopy. 
Although bowel preparation was not necessarily required 
prior to the US procedure, polyethylene glycol-electrolyte 
lavage for the patients who underwent bowel preparations. 
US and SWE/SWD measurements were performed by a 
single gastroenterologist (KY), who has performed more 
than 3,000 US examinations and belongs to the Japan 
Society of Ultrasonics in Medicine. The gastroenterologist 
was blinded to the endoscopic results and clinical symptoms 
but not the diagnosis of UC. An Aplio i900 ultrasound 
system (Canon Medical Systems Corp.) with a convex probe 
(i8CX1) was used to measure SWE and SWD. All SWE/
SWD measurements were performed on the sigmoid colon 
due to the high degree of delineation on US (7). B-mode 
images were used to delineate the bowel in the short axis, 
and the measurement region of interest (ROI) was set to 
a size large enough to contain the entire delineated bowel 
wall on the ventral side, including all layers from mucosa to 
serosa, avoiding blood vessels. SWE/SWD measurements 
were performed using propagation displays and color 
mapping, respectively (Figure 1). The measurements were 
performed at least 5 times based on previous reports (17-19). 
In the propagation view, if the ROI included a region with 
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parallel contours of propagation with a constant interval, it 
was regarded as evaluable. Measurements were repeated a 
maximum of 10 times, and if a parallel region was acquired 
fewer than five times, the case was regarded as unevaluable. 
The intestinal wall thickness was measured manually as the 
perpendicular distance between the mucosa and the serosa 
on the screen on which SWE/SWD was measured (20).

The Lichtiger index and the Ulcerative Colitis 
Endoscopic Index of Severity (UCEIS) were used to 
determine the clinical severity (21) and endoscopic  
activity (22), respectively. For the UCEIS, the value of the 
sigmoid colon as assessed by a skilled endoscopist at the 
time of the examination was used. The shear wave speed 
and dispersion were defined as the SWE value (m/s) and 
SWD value [(m/s)/kHz], respectively, which were the 
median values of five measurements. The median of five 
measurements of intestinal wall thickness was also recorded 
as the wall thickness (mm). For the SWE and SWD values, 
the interquartile range (IQR)/median for each measurement 
was calculated, and the reliability of the obtained values was 
evaluated.

Based on a previous report (23), which stated that a 
UCEIS score of 0 points would be endoscopically assessed 
as mucosal healing, patients with a UCEIS score of 0 points 
were classified as belonging to the mucosal healing group, 
and those with a UCEIS score of 1 or more points were 
classified as belonging to the active phase group. The SWE 
and SWD values were compared between the two groups, 
and if there was a significant difference, the area under 

the receiver operating characteristic curve (AUCROC) 
was calculated to assess the ability of that value to predict 
mucosal healing and determine the appropriate cutoff value.

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by the ethics committee of our hospital (approval 
number 2014-0399) and informed consent was taken from 
all the patients (Clinical trial registration number: UMIN 
000016497). 

Statistical analysis

SPSS (ver. 27, SPSS Inc.) was used for the statistical 
analysis. Spearman rank correlation coefficients (rs) 
were used to evaluate correlations as weak (|rs|<0.2), 
mild (0.2<|rs|<0.4), moderate (0.4<|rs|<0.7), or strong 
(|rs|≥0.7).

A nonparametric test (Mann-Whitney U-test) was used 
for the comparisons of continuous variables.

The  AUCROC was  de f ined  as  ind ica t ing  low 
(AUCROC =0.5–0.7), moderate (AUCROC =0.7–0.9) or 
high (AUCROC =0.9–1.0) accuracy. Cutoff values were 
determined by maximizing the Youden index (sensitivity + 
specificity -1). The sensitivity and specificity were calculated 
for the cutoff value.

Results

SWE/SWD was measurable in all 26 cases. The median 

Figure 1 Example of the measurements made with shear wave elastography (SWE) and shear wave dispersion (SWD). SWE/SWD was 
measurable in both the remission and active phases. (A) An example of remission phase. The left image is the color mapping display of 
the SWD. The right image is the propagation display of SWE. (B) An example of the active phase. The left image is the color mapping 
display of the SWD. The right image is the propagation display of SWE. The interval in the propagation lines was slightly narrower than in 
remission phase.
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age was 48 (IQR, 37.0–63) years, and the male to female 
ratio was 20:6. The median body mass index (BMI) was 
18.2 (IQR, 17.8–19.8) kg/m2. The median duration of the 
disease was 125 (IQR, 51.8–216) months. Regarding the 
colitis type, 19 cases were classified as the pancolitis type 
and 7 cases were classified as the left-sided colitis type based 
on the extent of inflammation at the most active phase in 
each patient. Bowel preparation was performed in 4 patients 
and was not performed in 22 patients. There was no fluid 
pooling in the lumen in the 4 patients who underwent US 
after bowel preparation. The median measured depth from 
the probe to the top of the ROI for SWE/SWD was 1.85 

(IQR, 1.50–2.08) cm (Table 1).
The median Lichtiger index score, UCEIS score, 

SWE value, SWD value, and wall thickness were 8 (IQR, 
5.3–10.8), 4 (IQR, 3.3–5), 1.69 (IQR, 1.49–2.16) m/s, 11.9 
(IQR, 10.9–13.3) (m/s)/kHz, and 5.0 (IQR, 4.1–5.9) mm, 
respectively. The IQR/median for SWE and SWD values 
were 0.21 and 0.34, respectively. The Lichtiger index 
and UCEIS scores were negatively correlated with the 
SWE values (rs=−0.404, P=0.041 and rs=−0.506, P=0.008, 
respectively) (Figure 2).

The Lichtiger index and UCEIS scores were not 
correlated with the SWD values (rs=0.004, P=0.986 and 
rs=0.002, P=0.993, respectively) (Figure 3). The Lichtiger 
index and UCEIS scores were moderately positively 
correlated (rs=0.608, P=0.001). There was no correlation 
between wall thickness and SWE, SWD, Lichtiger index 
or UCEIS scores (rs=−0.209, P=0.306; rs=−0.010, P=0.960; 
rs=0.252, P=0.214; and rs=0.342, P=0.087, respectively).

Based on the UCEIS score, there were 4 patients in the 
mucosal healing group and 22 patients in the active phase 
group. The SWE values differed significantly between the 
two groups, with 2.40 (IQR, 2.18–3.38) m/s and 1.62 (IQR, 
1.44–1.95) m/s in the mucosal healing and active groups, 
respectively (P=0.007) (Figure 4). The median SWD values 
were 13.1 (IQR, 7.05–21.6) (m/s)/kHz and 11.9 (IQR, 11.1–
13.2) (m/s)/kHz in the mucosal healing and active groups, 
respectively, with no significant difference between the 
groups (P=0.918). There was no correlation between SWE 
and duration of disease in the active phase group (rs=0.080, 
P=0.723).

The AUCROC [95% confidence interval (CI)] for the 
assessment of mucosal healing by the SWE value was 0.909 

Figure 2 Correlation between ulcerative colitis activity and shear wave elastography (SWE) value. (A) Correlation between the Ulcerative 
Colitis Endoscopic Index of Severity score and the SWE value. There is a moderate negative correlation (rs=−0.404, P=0.041). (B) 
Correlation between the Lichtiger index score and the SWE value. There is a moderate negative correlation (rs=−0.505, P=0.008).

Table 1 Patient characteristics

Characteristics N=26

Age (years), median (IQR) 48 [37–63]

Sex, male: female 20:6

BMI, median (IQR) 18.2 (17.8–19.8)

Duration of disease (months), median (IQR) 125 (51.8–216)

Bowel preparation, yes:no 4:22

Location of colitis, pancolitis:left-sided colitis 19:7

Albumin (mg/dL), median (IQR) 3.4 (2.55–3.95)

Hemoglobin (g/L), median (IQR) 11.7 (9.03–14.2)

C-reactive protein (mg/dL), median (IQR) 1.07 (0.22–2.58)

ESR (mm), median (IQR) 45 [20–60]

Depth (cm), median (IQR) 1.85 (1.50–2.08)

IQR, interquartile range; BMI, body mass index; ESR, erythrocyte  
sedimentation rate.
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(0.794–1.000) (Figure 5). With a cutoff value of 2.20, the 
sensitivity and specificity were 0.864 and 0.750, respectively.

Discussion

In this study, we investigated the correlation between SWE 
and SWD values and the Lichtiger index and UCEIS 
scores in patients with UC. SWE values were shown to 
negatively correlate with both the clinical and endoscopic 
severity of UC.

Previous reports have shown a correlation between 
wall thickness and inflammation on US (6-8,13), but in 
the present study, there was no statistically significant 
correlation between wall thickness and UC activity, 

although a trend was suggested. On the other hand, there 
was a statistical correlation between SWE and UC activity. 
These results indicate that measurement of the SWE value 
in transabdominal ultrasonography could be a noninvasive 
method of evaluating the severity of UC.

There are several reports investigating the elasticity of the 
intestine in UC patients, but conflicting results have been 
reported. In two previous reports comparing SWE in healthy 
volunteers and UC patients, SWE and UC activity were 
found to be positively correlated (13), and velocity was found 
to be higher in UC patients than in healthy subjects (14).  

Figure 3 Correlation between ulcerative colitis activity and shear wave dispersion (SWD) value. (A) Correlation between the Ulcerative 
Colitis Endoscopic Index of Severity score and the SWD value. There is no correlation (rs=0.004, P=0.986). (B) Correlation between the 
Lichtiger index score and the SWD value. There is no correlation (rs=0.001, P=0.998).

Figure 4 Box plot of shear wave elastography (SWE) values in 
patients with mucosal healing and patients in the active phase. The 
median SWE values in the mucosal healing and active phase groups 
are 2.40 m/s (2.16–3.65) and 1.62 m/s (1.12–4.21), respectively 
(P=0.007). Figure 5 Receiver operating characteristic (ROC) curve for the 

shear wave elastography (SWE) value for the prediction of mucosal 
healing. The area under the ROC curve is 0.909. Considering an 
SWE value of 2.20 as a cutoff value, the sensitivity and specificity 
are 0.864 and 0.750, respectively. AUC, Area Under the Curve.
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On the other hand, two other studies using optical coherence 
elastography to measure intestinal stiffness in healthy and 
UC murine models reported that the intestinal tracts of UC 
subjects were softer than those of healthy controls (9,10). 
Therefore, the stiffness of the intestinal wall in UC patients 
remains controversial. Multiple factors may contribute to 
stiffness, such as inflammation and fibrosis. Fibrosis is likely 
to lead to stiff tissue, but the effect of inflammation on 
stiffness is unclear. Differences in the disease period may also 
affect the severity of fibrosis or inflammation. In addition, 
the histology of the intestinal wall could be heterogeneous 
in UC patients, especially in those in the active phase. 
Given these factors, differences in the subjects enrolled and 
measurement methods used can yield different results, as 
shown above. In the present study, to reduce the effect of 
histological heterogeneity and selection bias, we measured 
SWE and SWD in the sigmoid colon in all patients and set 
the ROI to include the entire delineated bowel, including 
all layers from the mucosa to the serosa. In this setting, our 
study revealed a negative correlation between SWE and 
clinical severity and endoscopic activity.

Delineation of the sigmoid colon was possible in all 
cases, as previously reported (7). Both SWE and SWD 
could be measured in all cases, and they could be measured 
at the same time. The reason for the high success rate of 
SWE and SWD measurements was thought to be that the 
sigmoid colon targeted in this study was easy to visualize in 

B-mode, and the segmental bowel measurement depth was 
shallow. It has been suggested that the measurement depth 
may affect evaluations of SWE and SWD (24).

The IQR/median is reported to indicate the quality 
of the data when assessing liver fibrosis by elastography, 
and a value less than 0.30 in the liver region is considered  
reliable (25). The IQR/median for the SWE and SWD 
values measured in this study were 0.21 and 0.34, 
respectively. The IQR/median for SWE was less than 
0.30 in this study. Although the IQR/median for SWD 
was higher than 0.30, it was close to 0.30. Thus, the SWE 
and SWD values obtained in this study were considered 
evaluable. We reported that the data obtained from the 
measurement of SWE values were highly reliable when 
the contour lines were measured parallel to each other 
using a propagation display (19), and we assume that the 
measurement using the propagation display led to the high 
accuracy of the examinations performed in this study.

In a previous study evaluating the endoscopic findings 
and strain elastography in patients with UC reported by 
our institution (12), edema and erosions were depicted as 
soft areas, and the decrease in SWE values may also reflect 
these changes in the colon wall caused by inflammation. In 
addition, pathological biopsy results in patients with UC 
have shown more crypt abscesses and necrosis as the disease 
severity increases, as shown in Matts’ classification (26).  
Because abscesses and necrosis are reported to be soft 
(27-30), the progression of abscesses and necrosis with 
increasing severity may be one of the reasons for the 
negative correlation between endoscopic activity and SWE 
values. Next, we focused on the presence of erosions and 
ulcers. The UCEIS is a total score of three items: vascular 
pattern, bleeding, and erosions and ulcers. The erosions and 
ulcers score were 3 for deep ulcers, 2 for superficial ulcers, 1 
for erosion and 0 for none (22). In this study, this score was 
3 in 2 cases, 2 in 9 cases, 1 in 11 cases, and 0 in 4 cases; the 
median SWE for each score was 1.86, 1.59, 1.61, and 2.40, 
respectively (Figure 6). The SWE value tended to be higher 
for score 3 than for score 2. However, when comparing 
score 3 to score 0, the SWE value was significantly lower 
for score 3. This suggests that the SWE value is higher 
in the absence of erosions and ulcers than in the presence 
of deep ulcers. It is noteworthy that there is a correlation 
with the UCEIS, indicating that SWE measurements 
can noninvasively predict the severity of inflammation in 
patients with UC. SWE could be a noninvasive alternative to 
endoscopy for the assessment of disease severity, especially 
in patients with severe cases in whom the risk of disease 

Figure 6 Box plot of shear wave elastography (SWE) values per 
erosions and ulcers score in Ulcerative Colitis Endoscopic Index 
of Severity. The median SWE for scores of 3, 2, 1 and 0 is 1.86, 
1.59, 1.61, and 2.40, respectively. The SWE value is slightly higher 
for score 3 than for score 2. However, when comparing score 3 to 
score 0, the SWE value is lower for score 3.
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aggravation or complications due to endoscopy is high or 
in patients who do not wish to undergo endoscopy. SWE 
may be an objective and acceptable method of determining 
the severity of inflammation in patients with UC due to the 
small interrater variability (31) and quantitative results.

The SWE value was highly accurate for the assessment of 
mucosal healing (UCEIS 0 points), with a high AUCROC 
value (0.909). Good sensitivity and specificity (0.864 and 
0.750, respectively) were obtained by setting the cutoff 
SWE value to 2.20. It was also suggested that SWE could 
be used to determine the effectiveness of treatment for the 
same patient, thereby reducing the number of endoscopic 
procedures.

However, no correlation was found between SWD 
values and UC activity. In the liver region, SWD is said 
to reflect inflammation, necrosis and adipogenesis (15,16). 
We also reported that SWD reflects adipogenesis in the 
pancreas (17). Inflammation in UC is not accompanied by 
adipogenesis, which may be one of the reasons why the 
severity of inflammation in UC did not correlate with the 
SWD values. Another reason for the lack of utility of SWD 
may be that the four different layers, that is, the mucosa, 
submucosa, muscularis propria, and serosa, were measured 
together in this study.

There are several limitations of this study. First, this was 
a single-center study. Therefore, there was a bias in the 
severity of UC among the included patients. The number of 
patients in the remission phase was relatively small, which 
may have affected some of the results. Second, we were 
not able to longitudinally assess the course of treatment 
and changes in SWE values. Third, comparisons with 
pathological findings were not possible. Finally, evaluations 
in segments other than the sigmoid colon and in other 
IBDs, such as Crohn's disease, were not performed. A 
prospective study should be conducted in the future.

Conclusions

SWE may have clinical utility for the assessment of UC; 
it could be used as a noninvasive method of assessing the 
severity of the disease. Although SWD was not correlated 
with disease activity, the clinical benefit of SWD should be 
further evaluated.
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