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Intestinal ultrasound for monitoring therapeutic
response in patients with ulcerative colitis: results

from the TRUST&UC study
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ABSTRACT

Objective Prospective evaluation of intestinal
ultrasound (IUS) for disease monitoring of patients with
ulcerative colitis (UC) in routine medical practice.
Design TRansabdominal Ultrasonography of the bowel
in Subjects with IBD To monitor disease activity with

UC (TRUST&UC) was a prospective, observational study
at 42 German inflammatory bowel disease-specialised
centres representing different care levels. Patients with
a diagnosis of a proctosigmoiditis, left-sided colitis

or pancolitis currently in clinical relapse (defined as
Short Clinical Colitis Activity Index =5) were enrolled
consecutively. Disease activity and vascularisation within
the affected bowel wall areas were assessed by duplex/
Colour Doppler ultrasonography.

Results At baseline, 88.5% (n=224) of the patients
had an increased bowel wall thickness (BWT) in the
descending or sigmoid colon. Even within the first

2 weeks of the study, the percentage of patients with

an increased BWT in the sigmoid or descending colon
decreased significantly (sigmoid colon 89.3%—38.6%);
descending colon 83.0%—-42.9%; p<0.001 each) and
remained low at week 6 and 12 (sigmoid colon 35.4%
and 32.0%,; descending colon 43.4% and 37.6%;
p<0.001 each). Normalisation of BWT and clinical
response after 12 weeks of treatment showed a high
correlation (90.5% of patients with normalised BWT had
symptomatic response vs 9.5% without symptomatic
response; p<0.001).

Conclusions |US may be preferred in general practice
in a point-of-care setting for monitoring the disease
course and for assessing short-term treatment response.
Our findings give rise to the assumption that monitoring
BWT alone has the potential to predict the therapeutic
response, which has to be verified in future studies.

INTRODUCTION

Crohn’s disease (CD) and ulcerative colitis (UC) are
two forms of chronic inflammatory bowel diseases
(IBDs) characterised by recurrent episodes of intes-
tinal inflammation and a heterogeneous range of
symptoms and clinical courses. In contrast to CD,
UC is a mucosal and to some extent submucosal
disease restricted to the colon. Depending on the
involved colonic segment, UC can be divided into
proctitis, left-sided colitis or extensive colitis.! Even

Significance of this study

What is already known on this subject?

» Intestinal ultrasound (IUS) represents a non-
invasive modality to assess disease activity
in inflammatory bowel disease and to guide
therapy decisions. It is easy to use and offers
good repeatability and accuracy and may thus
be an obvious tool in the follow-up of patients
known to have ulcerative colitis (UC).

» Data on using IUS for monitoring treatment
success in UC are still limited and most studies
are single-centre studies usually performed in
centres with a special expertise in [US.

What are the new findings?

» TRansabdominal Ultrasonography of the bowel
To monitor disease activity with UC was the
largest multicentre study investigating the use
of 1US in patients with UC.

» Rapid improvement of the IUS pathology
was observed as early as 2 weeks after
treatment intensification, followed by clinical
improvement as determined by Short Clinical
Colitis Activity Index.

» For 88.5% of patients with a clinical flare
enrolled in this study, an increased bowel wall
thickness was detected by IUS at baseline. This
rate of patients with UC with bowel alterations
is higher compared with the same rate in older
studies where it ranged from 53% to 84%.

How might it impact on clinical practice in the

foreseeable future?

» This study clearly supports IUS as a non-
invasive monitoring tool for UC.

» The combination of non-invasive tools (eg,
faecal calprotectin measurement and [US)
in general practice increases the accuracy in
determining disease activity in patients with
uc.

during the periods of clinical remission, subclinical
inflammation often persists, and disease progression
can cause structural intestinal damage and compli-
cations.” Symptoms often correlate poorly with the
endoscopically defined disease in patients with CD,
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making it challenging to monitor the disease. To some extent,
this also applies to UC.? * Furthermore, Narula et al in a systemic
review and meta-analysis described that many patients still had
an abnormal stool frequency despite endoscopic remission.’

Mucosal healing is an important step in IBD treatment.
Modern disease management concepts (‘treat to target’) empha-
sise the need for objective monitoring of disease activity to guide
treatment optimisation and to improve long-term outcomes
and prevent complications including hospitalisation, stenosis or
colectomy.®”

Hence, reliable tools for frequent measuring of objective
parameters during the follow-up are crucial to adjust treatment
in a temporal manner. Non-invasive alternatives complementary
to endoscopy are needed in clinical practice to assess ‘mucosal
response’ to therapy.

The assessment of faecal calprotectin (FC) levels has been
proposed as a non-invasive test for the immediate evaluation
of intestinal inflammation in patients with IBD.** FC is more
specific and sensitive than blood markers, with the main advan-
tage of being unaffected by extraintestinal processes. The need
to obtain a faeces sample to quantify calprotectin is obviously a
disadvantage compared with serological methods and the fact
that FC levels are not immediately available to support therapy
decisions.

Intestinal ultrasound (IUS) represents a non-invasive modality
to assess disease activity in IBD and to guide therapy deci-
sions.'! " It is easy to use, inexpensive and can be used repeatedly
without limitations and with immediate interaction opportuni-
ties with the patient.”® Furthermore, IUS offers good accuracy,
therefore, an indication may be in the follow-up of patients with
UC. In a nationwide survey in patients with IBD in France, IUS
showed very high acceptability and was the preferred imaging
method over other diagnostic modalities."* The typical TUS find-
ings in active UC are: bowel wall thickness (BWT) involving the
mucosa and submucosa (>4.0mm in adults™™® and >3.0mm in
children®® %), sometimes increased echogenicity of the submu-
cosal layer, increased colour Doppler signal, mesenteric fibro-
fatty proliferation, mesenteric lymphadenopathy and the loss
of haustration.'” The stratification of the colonic wall may be
disrupted in patients with more severe activity.'®

The clinical role of IUS in UC is not as well established as
in CD. In some studies, BWT correlates well with clinical
activity,'” 222 C reactive protein (CRP) values'® ?°?! and also
with endoscopy findings.'® 8 20 23

In the context of the evolution of treatment targets in IBD and
the increased need for objective monitoring of disease activity,
IUS was recently described as an ‘underused resource with
potential paradigm-changing application’.'" Since IUS allows
the accurate characterisation of both inflammatory infiltration
of the bowel wall layers and of peri-intestinal abnormalities, its
use should not be limited to diagnostic purposes but may be of
great value in disease monitoring and therapy management in
the ‘treat to target’ era. IUS is well recognised by international
guidelines,** although there is a lack of standardisation and of
general agreement in the definition of the IUS parameters so
far.25 26

Numerous studies have evaluated the comparability of TUS to
other cross-sectional imaging modalities such as magnetic reso-
nance elastography (MRE) or computed tomography (CT) and
a meta-analysis confirmed the non-superiority of both MRE and
CT to IUS assessments.”” These data were confirmed by a recent
publication highlighting the comparative accuracy of TUS versus
MRE in combination with colonoscopy in assessing CD and
guiding clinical decision making.*® This study was one of several

publications to successfully demonstrate the high interobserver
agreement during the assessment of IUS parameters.”

The TRUST initiative (TRansabdominal Ultrasonography of
the bowel in Subjects with IBD To monitor disease activity) stands
for propagating diagnostic implications of modern therapeutic
goals by focusing on the value of tight monitoring of intestinal
damage via IUS as a first-line non-invasive modality in IBD. The
purpose of the studies TRUST (in CD) and TRUST&UC (in UC)
was to analyse and define TUS parameters as surrogate markers
for disease activity, which allow for individual monitoring of
disease course and treatment response. In TRUST, the role of IUS
in monitoring CD treatment response was determined and it was
shown that TUS is a useful method to monitor disease activity in
CD.* The primary objective of this TRUST&UC study was the
prospective evaluation of IUS in monitoring patients with UC
in a large cohort, and under real-world conditions and routine
medical follow-up.

PATIENTS AND METHODS

Patients

TRUST&UC is a prospective, observational study, performed
from November 2015 to March 2018 at 42 German IBD-
specialised centres representing different care levels including
both outpatient and inpatient care sites (45.2% IBD-specialised
general practices, 38.1% general hospitals and 16.7% university
hospitals).

Patients with a proctosigmoiditis, left-sided colitis or pancolitis
in clinical relapse (defined as Short Clinical Colitis Activity Index
(SCCAI) =5)*° and =18 years of age at baseline were enrolled
consecutively. To generate data on the percentage of patients
who had a pathological IUS at time of clinical flare, patients were
enrolled before performing the baseline IUS. Patients without
increasement in BWT (sigmoid colon <4.0mm, descending
colon =3.0mm, transverse colon <3.0mm, ascending colon
<3.0mm)®! at baseline were documented, but excluded for
further documentation. All patients received standard of care
therapy at the discretion of the treating physician according to
German guidelines, that is, aminosalicylates, corticosteroids,
conventional immunosuppressives and/or biologics.® At base-
line, demographics and characteristics were documented as well
as laboratory parameters, changes in UC-specific medication,
SCCAI and IUS parameters (at every visit). As a semiquantitative
method of determining disease activity, vascularisation within
the affected bowel wall areas was assessed by colour Doppler
ultrasonography. During the study, up to four visits were sched-
uled: baseline, an unscheduled visit at week 2 (T2W), week 6
(T1) and week 12 (T2).

The primary endpoint was the proportion of patients with
normalisation of BWT in patients with clinical response (decrease
in SCCAI by >3 points)*® at week 12 as compared with baseline.

Secondary endpoints included (1) the change of the colour
Doppler signal (vascularisation) for patients with and without
clinical response at week 12 and (2) the correlation of SCCAI
with FC and BWT and the correlation of BWT with FC at week
12.

Written informed consent was obtained from each patient
enrolled in the study.

IUS examination

At each visit, all large bowel segments were evaluated by TUS.
Increased BWT (sigmoid colon >4.0mm, descending colon
>3.0mm, transverse colon >3.0mm and ascending colon
>3.0mm) was measured in longitudinal sections.’> Cut-off
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values were based on data from recent publications. The TUS
examinations were performed using different units, ranging
from normal to high-end devices using convex (1-7 MHz) and
linear (1-15 MHz) probes from various manufacturers. 78.5%
of the centres used high-end scanners (class 3, according to ultra-
sound systems classification of Deutsche Gesellschaft fiir Ultra-
schall in der Medizin (DEGUM).** The IUS examinations at each
centre were performed by the same investigator (83.3%) using
the same machine (85.7%) throughout the study. Patients were
not prepared in a special manner.

Prior to the start of the study, IUS parameters and standards
of performing the IUS were discussed at an investigator meeting
at which the investigators underwent training with simulators to
ensure a consistent investigation procedure.”® Colour Doppler
setting for the investigation of vascularity within the affected
bowel wall areas had been standardised before starting the
assessment and kept stable for each visit. To avoid artefacts of
movement or colour noise, colour gain had been set by balancing
it using gallbladder or urinary bladder and adjusted to maximise
gut wall vessels’ vascularisation but avoiding colour signal to
noise artefacts. Due to the slow flow and small dimensions of
the vessels, the velocity range of the colour Doppler was set low
(from 5 to 7 cm/s). Due to the lack of a validated score for the
use of Doppler ultrasound in patients with UC, a simple dichot-
omous analysis of the data was applied (amplified signal yes/no)
based on the investigator’s decision.

All investigators were members of the ‘German IBD Study
Group’ and were experienced in the use of IUS for monitoring
disease activity in patients with UC in daily practice.

Statistical analysis
For the analysis of the primary endpoint, only patients with
assessed BWT at baseline were considered. A reduction of the
BWT was defined as ‘no’ in a follow-up visit, a still increased
BWT was indicated as ‘yes’ in a subsequent visit. If ‘not assess-
able’ was documented during the follow-up visits, the patient was
excluded from the analysis. The frequencies of BWT normalisa-
tion for patients with or without clinical response after 12 weeks
in the sigmoid colon and the descending colon were compared
by means of X tests (significance level adjusted according to
Bonferroni-Holm o=0.025).

The differences of parameters were analysed exploratively
by Cochran Q test for qualitative parameters and Friedman test

[ Documented population (ITT) n = 253 ]

[ n =25, no increased BWT at baseline ]

v

|
v

[ n =1, Crohn’s disease diagnosis after 2 weeks ]

n =3, BWT could not be determined in complete extend ]

[ Analysis population (mITT) n = 224 ]

$—‘—¢

Left-sided Pancolitis
colitisn =112 n=112
Figure 1 Patient disposition and analysis population. BWT, bowel wall

thickness; ITT, intention-to-treat; mITT, modified intention-to-treat.

Table 1 Demographic and baseline characteristics of analysis
population at baseline (mITT, n=224)

Age (years, median 37.7 (29.2-49.9)

and IQR)

Duration of current

symptoms (% (n))

<7 days 13.4 (30)

>7 days 86.6 (194)

Sex

Female 46.0 (103)

Time since diagnosis 52.4 (11.1-128.0)

(months, median and

IQR)

Current medication Therapy >7 days Therapy <7 days
(% (n))

Systemic steroids 8.5(19) 15.2 (34)
AZA/6-MP 2.2 (5 10.7 (24)
Anti-TNF 13.8(31) 5.8(13)
Anti-integrin 76(17) 0.4(1)
Objective signs of Normal values for lab results
inflammation

(Median and IQR)

SCCAI (n=224) 9.0 (7.0-10.0)

Haemoglobin (g/L, 131 (116-141) 115-164 (female), 135-180
n=203) (male)

Platelets (/mm3, n=202) 338000 (265 000-430 000) 150000-300000
WCC (/x10%/L, n=201) 8.8 (7.39-11.3) 4.4-113

CRP (mg/dL, n=196) 1.30 (0.58-4.46) <0.5

Feacal calprotectin

(Mg/g, median and IQR) 800 (439-1436)

<250 (ug/g) 9.9% (14)

=250 (ug/g) 90.1% (128)

Bowel wall thickness

(mm, median and IQR)

Sigmoid colon (n=218) 5.05 (4.60-6.20)

Descending colon 5.00 (4.00-6.00)

(n=198)

AZA, azathioprine; CRP, C reactive protein; mITT, modified intention-to-treat; MP,
mercaptopurine; SCCAI, Short Clinical Colitis Activity Index; TNF, tumour necrosis
factor; WCC, white cell count.

for quantitative parameters. For additional explorative analysis
and for correlation analysis between independent groups, Mann-
Whitney U test was used. All tests in the exploratory analysis
were two sided, assuming a 5% error probability (¢=0.05).
Correlations between parameters were analysed by Spearman
correlation coefficient.

RESULTS

A total of 253 patients with active UC (SCCAI =5) were enrolled
(intention-to-treat (ITT) population). 9.9% of the patients
(n=25) had no increased BWT at baseline as defined above, in
1.2% (n=3), the disease pattern of the BWT could not be deter-
mined and for one patient the diagnosis changed from UC to CD
after 2 weeks. Therefore, a total of 11.5% (n=29) of the ITT
population were excluded from the statistical analysis. 88.5%
(n=224) of the documented population were available for the
statistical analysis (modified ITT population (mITT)), of which
50.0% (n=112) had a left-sided colitis and 50.0% (n=112) had
a pancolitis (see figure 1). Demographic and baseline character-
istics of the analysis population (mITT) are shown in table 1.
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HT2W (2 weeks) N=70

A 100 4 m Baseline N=224
W T2 (12 weeks) N=178

mT1 (6 weeks) N=189

60 - p <0.001 p <0.001

Patients (%)
wv
o

Sigmoid colon > 4.0 mm

Descending colon > 3.0 mm

B 40 1 M Baseline n=224

mT1 (6 weeks) n=189

B T2W (2 weeks) n=70
T2 (12 weeks) n=178
35 4

30 A

»5 | p <0.001

S
= 20 -
2
Q
8 15
& p <0.001

10 A

5

0 4

Sigmoid colon > 4.0 mm Descending colon > 3.0 mm
Figure 2 (A) Proportion of patients with increased BWT over the

study period. (B) Proportion of patients with increased colour Doppler
signal over the study period; comparisons of the values during the study
course were performed by Cochran Q test. BWT, bowel wall thickness.

Within 12 weeks the percentage of patients with an increased
BWT decreased significantly: sigmoid colon from 89.3% to
38.6% at week 2, 35.4% at week 6 and 32.0% at week 12;
descending colon from 83.0% at baseline to 42.9% at week 2,
43.4% at week 6 and 37.6% at week 12 (figure 2A). Improve-
ments in the colour Doppler signal were already observed in
week 2 and were maintained up to week 12 (sigmoid colon:
34.8% at baseline to 22.9% at week 2, 15.9% at week 6 and
12.9% at week 12; descending colon: 15.29% at baseline to 7.1%
at week 2, 5.3% at week 6 and 7.3% at week 12 (figure 2B).
Furthermore, there was a significant reduction in the percentage
of patients with additional abnormal TUS parameters 12 weeks
after the baseline visit (figure 3): mesenteric fibrofatty prolif-
eration 39.7% at baseline and 12.4% at week 12; mesenteric
lymphadenopathies: 27.7% at baseline and 14.6% at week 12;
ascites: 10.3% at baseline and 2.2% at week 12; loss of bowel
wall stratification: 23.2% at baseline and 10.1% at week 12;
loss of haustration: 56.7% at baseline and 32.6% at week 12
(p<0.001 for change during the study course for all parameters).

In correlation with the improvement of the BWT, the SCCAI
decreased from 9.00 (7.00-11.00) points at baseline to 4.00
(2.00-7.00) points after 2weeks, and to 2.00 (1.00-5.00) and
2.00 (0.00-5.00) points, respectively, at weeks 6 and 12 in
response to treatment optimisation (p<0.001).

For the primary endpoint, patients with normalisation of
BWT at week 12 and the frequency of clinical response at week
12 were analysed. Table 2 summarises the results for n=178
patients who completed the week 12 visit.

807 == Baseline n=224
== T2W (2 weeks) n=70
== T1 (6 weeks) n=189
p <0.001 p<0.001 == T2 (12 weeks) n=178
60
p <0.001 p <0.001 p <0.001 p <0.001

Patients [%]
SN
o
L

20+

Figure 3  Percentage of patients with additional IUS parameters at
baseline, T2W, T1, T2. IUS, intestinal ultrasound.

Patients with a normalisation of the BWT in the sigmoid or
descending colon demonstrated higher rates of clinical response
than patients without normalisation of the BWT (90.5% vs
68.9% and 96.4% vs 68.8%; p<0.001 each). Responders showed
a significant reduction in quantitative BWT (mm) in the sigmoid
or descending colon from baseline to week 12 compared with
the reduction in BWT of non-responders (online supplementary
table S1).

In addition, the quantitative analysis of BWT (mm) indicated
the same tendency as described above for the T2-population for
the mITT population (n=224) (online supplementary table S2).

In a subset of patients (n=63, endoscopy date +7 days from the
date of the study visit), we found a highly significant correlation
between endoscopic disease activity and increased BWT (online
supplementary figure S3). As secondary endpoint, correlation
between FC and SCCAI, FC and BWT in the descending/sigmoid
colon and between FC and clinical response at baseline, at week
6 and 12 were analysed. For this purpose, the patients were sepa-
rated into two groups, one group with FC levels of <250 pg/g
and another group with FC levels of =250 pg/g. In total, FC
levels were measured at baseline in n=142 patients, at T2W
in n=2$ patients, at T1 in n=80 patients and at T2 in n=89
patients.

The results for the SCCAI and FC correlation are depicted
in figure 4. At baseline, no significant difference in the SCCAI
was present between the two groups (8.07%2.2 vs 9.09+2.42).
At weeks 2, 6 and 12, patients with FC levels <250 ug/g had
a significantly lower SCCAI (1.33+1.03, 1.91+1.99and
1.79+2.88) as compared with patients with FC levels =250 ug/g
(5.05+2.15, 4.56+3.13and 4.08 +3.54).

For the correlation of BWT in the sigmoid colon and FC,
patients were divided into two groups, one with increased BWT
present at every visit and the other one without increasement
of BWT at every visit after baseline. Despite the low number of
patients with assessed FC, differences between the FC groups
were observed (table 3). At T2, 44.4% of the patients (28/63)
with normalised BWT in the sigmoid colon still had FC levels
=250 pg/g, while 55.6% of the patients with normalised BWT in
the sigmoid colon had an FC level of <250 ug/g (55.6%, 35/63).
Eighty-four per cent of the patients with a persistent increase
in BWT (21/25) had FC levels =250 pg/g, while 16.0% of the
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Table 2 Normalisation of BWT (mm) at T2 (week 12) versus clinical response; X? test

Sigmoid colon

Descending colon

BWT normalisation

No BWT normalisation

BWT normalisation No BWT normalisation

Clinical response at T2 % (n) % (n) % (n) % (n)

Yes 90.5 (95) 68.5 (50) 96.4 (80) 68.4 (65)

No 9.5(10) 31.1(23) 3.6(3) 31.2 (30)
P<0.001 P<0.001

BWT, bowel wall thickness.

patients with increased BWT had an FC level of <250pug/g
(4/25). Similar tendencies were detected for T1 and for the
descending colon (data not shown).

No differences between the patients of the two FC groups
were observed for clinical response (data not shown). The CRP
value was not meaningful to confirm an existing inflammation
and was therefore not considered for correlation analysis with
BWT.

For the mITT population at week 12 (n=178), the normal-
isation of BWT and the frequency of a normalised FC value
(<250 pg/g) were subjected to correlation analysis. A normalised
FC value was defined as an FC value =250 pg/g at baseline, which
was <250 pg/g at week 12. FC analysis was only performed for
those patients who experienced FC measurements at baseline
and at the 12 week visit.

Normalisation of FC was more frequent in patients with
normalisation of the BWT in the sigmoid or descending colon
than in patients without normalisation of the BWT after 12 weeks
(48.9% vs 22.2%; p=0.023%and 50.0% vs 25.0%; p=0.029,
table 4). When only considering patients with BWT normalisa-
tion at week 12, only half of the patients with FC measurement
had an FC value <250ug/g (48.9% vs 51.1% sigmoid colon;
p=0.884, and 50% vs 50% descending colon; p=1.000).

For the BWT of the sigmoid/descending colon, correlation
analyses were performed for the mITT population to determine
the correlation with the SCCAI as well as the FC value for all
visits (table 5).

We have also correlated BWT and SCCAI as well as the
changes in both parameters on an individual patient basis (online
supplementary table S4). Overall, a moderate correlation was
observed between the parameters.

During the study, the use of biologics (antitumour necrosis
factor or integrin inhibitor therapy) increased from 27.7%
(62/224) of the patients at baseline to 43.4% (82/189) at week
6 and 45.5% (81/178) at week 12. The use of systemic steroids
doubled in the first 2 weeks as short-term therapy escalation

14 -
p=0.111

[N
N
L

i
S
1
—

p <0.001

. |
. p

SCCAI (total score)
o]

W FC< 250 ug/g

(15.2% (34/224) of the patients at baseline and 30.0% (21/70)
at week 2) and then decreased from week 6 to week 12 (25.9%
(49/189) at week 6 and 19.7% (35/178) at week 12).

DISCUSSION

It has become evident that treating IBDs solely by clinical symp-
toms poses the risk of overtreating or undertreating.” However,
as more treatment options and possibilities of optimising therapy
via drug monitoring become available, and the IBD treatment
algorithm moves towards a more personalised approach, reli-
able monitoring tools for a ‘treat-to-target’ strategy are required.
Ideally, these monitoring tools are non-invasive, non-harmful to
the patient, inexpensive and easy to repeat as is true for IUS.
In recent years, we and others have demonstrated the potential
use of IUS to monitor the therapy of CD in a ‘treat-to-target’
approach.?’3¢%7

Data on using IUS to monitor treatment success in UC are
still limited and most studies are single-centre studies usually
performed in centres with a special expertise in IUS. To our
knowledge, this study, with more than 40 participating centres,
is the largest multicentre study investigating the use of IUS in
UC. We were able to demonstrate rapid IUS response to therapy
as early as after 2 weeks. The applicability of TUS was shown in a
multicentre setting with a broad spectrum of centres with various
ultrasound machines. We were also able to clearly demonstrate
that TUS for a point-of-care approach is not a specialised method
limited to few centres with high-end ultrasonography machines.
Comparable results between different gastroenterologists
working at various levels of medical care indicate that bowel TUS
is a reliable tool to monitor disease courses in patients with UC
in daily practice.

Sigmoidoscopy is currently considered the gold standard
to monitor treatment in UC. In addition, as UC is defined as
a mucosal and to some extent submucosal disease, IUS is
often regarded as not being sensitive enough to detect colonic

FC > 250 ug/g

p <0.001 p<0.001

39/89

Baseline

T2W (2 weeks)

T1 (6 weeks) T2 (12 weeks)

Figure 4 Correlation of SCCAI total score and FC for FC group <250 pg/g versus FC group =250 pg/g; number in columns represents number of
patients. Mann-Whitney U test. FC, faecal calprotectin; SCCAI, Short Clinical Colitis Activity Index.

Maaser C, et al. Gut 2020;69:1629-1636. doi: 10.1136/gutjnl-2019-319451

1633


https://dx.doi.org/10.1136/gutjnl-2019-319451
https://dx.doi.org/10.1136/gutjnl-2019-319451

Inflammatory bowel disease

Table 3  Correlation of BWT and FC for FC group <250 pg/g versus
FC group =250 ug/g; X* test

Table 5 Correlation of SCCAI, FC and BWT in the sigmoid and
descending colon

Total FC <250pg/g FC 2250 pg/g

Increased BWT % (n) % (n) % (n)
Baseline (n=142, p=0.253)

Yes 92.3(131) 10.7 (14) 89.3(117)

No 7.7 (11) 0.0 (0) 100.0 (11)
T2W (n=25, p=0.080)

Yes 28.0 (7) 0.0 (0) 100 (7)

No 72.0 (18) 33.3(6) 66.7 (12)
T1 (n=80, p=0.014)

Yes 31.2 (25) 20.0 (5) 80.0 (20)

No 68.8 (55) 49.1 (27) 50.9 (28)
T2 (n=89, p=0.002)

Yes 28.1 (25) 16.0 (4) 84.0 (21)

No 70.8 (63) 55.6 (35) 44.4 (28)

N/A* 1.1(1) 0.0 (0) 100.0 (1)

*Could not be determined in complete extend.
BWT, bowel wall thickness; FC, faecal calprotectin.

inflammation, and thus only helpful for a small subset of
patients. In our study, we were able to demonstrate that in 88.5%
of enrolled patients with a clinical flare, an increased BWT was
detected at baseline. Thickening of the submucosa probably due
to submucosal oedema is likely to contribute to increased BWT
in active UC. This clearly supports IUS as a non-invasive moni-
toring tool for UC. The higher rate of UC patients with bowel
alterations as compared with the rate in older studies in the liter-
ature ranging from 53% to 849%% % is most likely due to the
effect of improved ultrasound machines and technology, leading
to a better and more sensitive detection of the bowel wall and
the underlying pathology during the inflammation.

One of the most striking results, however, was a rapid
improvement in TUS pathology as early as 2 weeks after treat-
ment intensification, followed by clinical improvement as deter-
mined by SCCAL Future studies will have to investigate whether
IUS as early as 2 weeks can discriminate responders from non-
responders and partial responders to facilitate early optimisation
of treatment. The most distinct IUS parameter for the detection
of inflammatory activity within the intestine was BWT, which
mostly correlated well with clinical activity markers such as the
Harvey Bradshaw index and the CD activity index.***' To our
knowledge, for the first time we here demonstrate a moderate
correlation between SCCAI and BWT at 12 weeks. Additional
IUS parameters, such as mesenteric fibrofatty proliferations,
bowel wall stratification as well as haustration and ascites, had
significantly improved at the 12-week visit which again highlights
the capacity of TUS to very sensitively detect and monitor further
IBD-related pathologies. Bowel wall vascularisation normalised
significantly in response to anti-inflammatory therapy as early
as 2 weeks after treatment intensification. This concurs with the

Visit N rSpearman
SCCAI Calprotectin Baseline 142 0.202
T2 89 0.408
BWT sigmoid colon Baseline 218 0.187
(mm) 7 140 0.547
BWT descending colon  Baseline 198 0.262
(mm) 7 115 05
Calprotectin BWT sigmoid colon Baseline 141 —0.053
(mm) 7 73 0.344
BWT descending colon  Baseline 129 0.218
(mm) 72 67 0.358

BWT, bowel wall thickness; FC, faecal calprotectin; SCCAI, Short Clinical Colitis
Activity Index.

results of recent single-centre studies in UC evaluating poten-
tial TUS scoring systems.** ** While these scores include several
parameters, our data suggest that, in UC, measuring BWT for
follow-up examinations to determine treatment response by IUS
might already be sufficient. This hypothesis requires further vali-
dation in future studies. If validated, this would clearly simplify
the procedure in a point-of-care setting.**

The combination of IUS and FC are ideal non-invasive tools to
monitor disease activity in UC. FC is routinely determined and is
also recommended as a surrogate marker for monitoring disease
activity in the national as well as international guidelines.**%* Our
study showed that, unlike IUS, FC tests are not performed on a
regular basis in Germany, especially not in a non-interventional
study design. Therefore, limited FC values were available for
the correlation of FC and IUS results or SCCAIL The current
data suggest that IUS parameters better correlate with disease
activity than FC levels. It can also be concluded that TUS param-
eters change more quickly after treatment intensification than
FC levels, which need to be confirmed in future studies. The
combination of TUS and biomarkers might increase the accuracy
in determining disease activity and optimise therapy in a patient
with UC. In patients with disease limited to the mucosa as well
as in patients with proctitis only, the use of FC may be superior
to IUS in detecting and monitoring disease activity. Neverthe-
less, Allocca et al published that a combination of Humanitas
Ultrasound Criteria (HUC) with FC did not significantly alter
the accuracy of HUC, suggesting that ultrasound parameters
alone are sufficient to determine endoscopic activity in UC.*®
A huge advantage of TUS over FC is the fact that the results of
the measurement are immediately available during examination
allowing for rapid treatment decisions.

Our study is subject to several limitations. One is the lack of
the currently defined gold standard for UC, namely endoscopy.
This limitation may be justified by the objective of our study
which was the use of IUS examination in routine monitoring of

Table 4 Normalisation of BWT at T2 (week 12) vs normalised FC; X? test

Sigmoid colon

Descending colon

BWT normalisation

No BWT normalisation

BWT normalisation No BWT normalisation

Calprotectin <250 pg/g at T2 % (n) % (n) % (n) % (n)

Yes 48.9 (23) 22.2 (6) 50.0 (21) 25.0 (8)

No 51.1(24) 77.8(21) 50.0 (21) 75.0 (24)
P=0.023 P=0.029

BWT, bowel wall thickness; FC, faecal calprotectin.
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patients with UC rather than determining the accuracy of TUS
compared with other diagnostic procedures. This comparison has
already been the subject of several previous studies.' 2* 27 41 43 46
However, investigators documented endoscopies, performed
as part of clinical routine care, and we found highly significant
correlations between the increased BWT and the endoscopic
Mayo subscore. These data confirm observations that have
recently been demonstrated in a prospective trial.**

As this study was a non-interventional study, medication
changes were based on the investigators’ decision which led to
small and inhomogeneous patient populations. As the aim of
the study was to evaluate the feasibility and benefit of IUS as a
monitoring tool for patients with UC, a detailed description of
medication changes was not included.

Another limitation may be the potential interobserver and
interequipment variability when using IUS examination. We
found no differences in the diagnostic quality of TUS measure-
ments between different gastroenterologists.

No significant differences were obtained regarding the results
of measurements at different IBD centres or with the use of
different US machines. We found no significant differences
between the disease duration at different study sites, suggesting
a homogeneous patient distribution between the sites. One could
also presume a selection bias, but we found remarkable differ-
ences between patients with and without increased BWT by IUS
at baseline. The latter had significantly longer disease duration,
lower SCCAI and enhanced laboratory parameters (lower plate-
lets, white cell count, lower FC, higher haemoglobin), suggesting
a milder disease activity for this subpopulation (data not shown).

In conclusion, IUS may be preferred in general practice in a
point-of-care setting for monitoring the disease course and for
assessing short-term treatment response. Our findings give rise
to the assumption that monitoring BWT alone has the poten-
tial to predict therapeutic response. The additional monitoring
of FC could add further value in monitoring patients with UC.
Future prospective studies are necessary to determine the value
of IUS in predicting short and long-term response and outcomes
of therapies in UC.
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