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ABSTRACT
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Background: Imaging is used to monitor disease activity in small bowel Crohn’s disease (CD). Magnetic
Resonance Enterography is often employed as a first modality in the United Kingdom for assessment
and monitoring; however, waiting times, cost, patient burden and limited access are significant. It is as
yet uncertain if small bowel intestinal ultrasound (IUS) may be a quicker, more acceptable, and cheaper
alternative for monitoring patients with CD.

Methods: A clinical service evaluation of imaging pathways was undertaken at a single NHS site in
England, United Kingdom. Data were collected about patients who were referred and underwent an
imaging analysis for their IBD. Only patients who underwent a therapy change were included in the
analysis. Data were collected from care episodes between 01 January 2021-30 March 2022.

Results: A combined total of 193 patient care episodes were reviewed, 107 from the IUS pathway and
86 from the MRE pathway. Estimated costs per patient in the IUS pathway was £78.86, and £375.35 per
patient in the MRE pathway. The MRE pathway had an average time from referral to treatment initiation
of 91days (SD= +61) with patients in the IUS pathway waiting an average of 46days (SD= +17).
Conclusions: Findings from this work indicate that IUS is a potential cost-saving option when compared
to MRE when used in the management of CD. This is in addition to the cost difference of the radiological
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modalities. A large, multicentre, prospective study is needed to validate these initial findings.

KEY MESSAGES

+  What is already known on this topic — Ultrasound is a quick and accurate imaging investigation
for patients living with Crohn’s disease. Its effect on the cost utility of an Inflammatory Bowel Disease

service is unknown.

- What this study adds — This work provides initial data suggesting that an ultrasound-based service
may provide significant cost savings when compared to a magnetic resonance imaging-based service.
- How this study might affect research, practice, or policy — This work is part of a larger programme
of work to investigate the barriers to wider ultrasound implementation in UK IBD services. This work
will contribute to the design of an implementation and training package for intestinal ultrasound in

the UK.

Introduction

Disease distribution in Crohn’s Disease (CD) varies with up to
70% of patients having small bowel involvement [1]. To
ensure optimal long-term clinical outcomes, current recom-
mendations based on the Selecting Therapeutic targets in
inflammatory bowel disease (STRIDE-Il) [2] suggest using
objective measures as treatment targets, rather than symp-
tom resolution [3].

Cross-sectional imaging is used to diagnose and monitor
disease activity in small bowel CD [4]. Magnetic Resonance
Enterography (MRE) is often employed as a first modality in
the United Kingdom for assessment and monitoring of small

bowel CD [4]. Waiting times for an national health service
(NHS) MRE may be up to 4weeks or in some instances longer
and have increased due to the impact of the Covid-19 pan-
demic [5-7]. Radiological reporting is then undertaken at a
later date and may also add to delays. There is a clinical need
to find quicker and cheaper alternatives for monitoring
patients with CD.

Small bowel intestinal ultrasound (IUS) is an alternative to
MRE, and has the potential to significantly reduce waiting
times, speed up clinical decision making and improve patient
experience and outcomes [8]. Internationally, 1US is widely
used for assessing and monitoring CD, and the METRIC trial
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has demonstrated its relative diagnostic accuracy in compar-
ison to MRE [9,10], with levels of accuracy correlated with the
volume of IUS reporting. There is an eagerness for the intro-
duction of IUS into UK CD clinical practice [11]. However,
there remains questions regarding reasons why IUS is not
more widely utilised in the United Kingdom. In a UK-wide
survey of British Society of Gastroenterology members
(Gastroenterologists, specialist medical trainees and IBD Nurse
specialists), 103 responses were included in the data analysis.
Responses came from 66 different NHS trusts from 14 differ-
ent regions of the United Kingdom. All respondents reported
that they currently have an MRI service for CD, whereas only
31 had an IUS service. Only 6 sites reported that they regu-
larly use IUS as part of their IBD services [12]. The same sur-
vey showed that clinicians felt less confident in
decision--making when this was based on the IUS rather than
MRE [13-16].

This work explores and analyses the cost implications of
the introduction of 1US into the IBD service at one NHS site
in England and compares and contrasts those with the costs
accumulated in the standard of care MRE pathway.

Methods

Data were collected from a clinical service evaluation of
imaging pathways at a single NHS site in England, UK;
Nottingham University Hospitals NHS trust (NUH). NUH is a
large teaching hospital with an active clinical CD research
activity. The ultrasound service was introduced in October
2020, with a single radiology consultant performing the
ultrasound examinations. Analysis of patient care episodes
and flow through the established imaging and IBD care
pathways was undertaken. Data relating to patient flow,
waiting times, resource use and healthcare engagement of
patients were collected from care episodes between 01
January 2021-30 March 2022. We have used internal audit-
ing data regarding pathway time points. Only data able to
be obtained through electronic medical records were
included in the analysis. Costs were calculated per care epi-
sode utilising data derived from the 2022/2023 NHS tariff
and local service delivery costs [17]. The time horizon was
defined as the length of the episode of care from consulta-
tion where the patient was referred for imaging investiga-
tions to determine disease activity levels, to the time point
where a treatment decision was acted upon, either by start-
ing (or restarting) a medication, deescalating treatment by
stopping one or more medical therapies, or if the patient
underwent surgical intervention. The decision regarding
which imaging investigation the patient was referred for was
at the discretion of the referring clinician, no data regarding
this decision process were gathered for this analysis. Similarly,
it was impossible to determine a timeline where the clinical
decision to continue current therapies was made, therefore
only patients who underwent a therapy change were
included in the analysis. This time horizon was chosen as it
was expected that within this period all patients would be
equally likely to be assessed by clinicians and care decisions
made. During analysis, implications on CD burden were

made based on disease phenotype, exposure to advanced
therapies, history of surgery and disease duration [18].

To simplify the cost analysis, it was assumed that all corti-
costeroid prescriptions were for the same duration and dose
of prednisolone. At the time of the analysis, for treatment of
relapses in CD, typically the standard prescription was 40 mg
of prednisolone orally, once daily for a week then reducing
by 5mg weekly thereafter, in a reducing course for a total of
8weeks [19].

Costs of healthcare interactions are calculated using the
number of interactions between the dates of referral for
medical imaging and the date of treatment initiation and the
cost to the service for each type of healthcare professional
with which the interaction encounters. Item costs are taken
from the annual costs of NUH NHS trust outpatient costs in
2021 and requirements of outpatient treatment recommen-
dations (i.e. length of time of appointments) from NICE and
NHS England across all clinical specialties [20-22].

Costs are based on all interactions being outpatient
appointments or telephone-based helpline interactions. | was
estimated that helpline interactions were approximately
20min of Band 6 NHS Nurse specialist time from allocated
office space, Nurse appointments were 30min of nurse time
from an allocated clinic room, and medical appointments
were 30min of consultant time from an allocated clinic
room [23].

Ethical approval

Favourable ethical opinion was given to this study by the
Nottingham research ethics committee and overall study
approval was granted through the Health Research Authority
on the 26 of March 2021.

Statistical analysis

There was no a priori hypothesis, therefore no attempt at sta-
tistical comparison has been undertaken. The results are
descriptive and hypothesis-generating. A variety of data
sources were used to acquire information about resource use
as several patient care episodes had incomplete or imperfect
data. Those patient episodes where the data were not able to
be reconciled across records were removed from the final
analysis. Consecutive patient cases were considered, for
patients who underwent both imaging tests only the first
test was considered as part of this analysis. Mean costs for
each item of resource use were calculated and then aggre-
gated to estimate the total cost per patient. Statistical testing
was therefore not possible at the level of total resource use
per patient.

Results
Group demographics

Variance of disease severity across the two groups was equal.
A combined total of 193 patient care episodes were
reviewed, 107 from the IUS pathway and 86 from the MRE



pathway. Table 1 displays demographics of the patients
whose cases were reviewed in the care pathway analysis.
There were more males than females in the MRE pathway,
and more females than males in the IUS pathway. Those in
the IUS pathway had a slightly longer disease duration than

Table 1. Demographics of patients from care pathway analysis.

Characteristics IUS MRE
Gender (n)
Male (%) 50 (47%) 57 (66%)
Female (%) 57 (53%) 29 (34%)
Age (Mean) 36 [+15] 43 [+17]
[Standard deviation [SD]
Disease duration (years) 7.8 [+5.2] 5.6 [+3.9]
(Mean) [SD]
Disease location (%)
lleal (L1) 73 (68%) 57 (66%)
Ileocolonic (L3) 34 (32%) 29 (34%)
Disease behaviour (%)
Inflammatory (B1) 95 (89%) 77 (90%)
Stricturing (B2) 12 (11%) 9 (10%)
Previous thiopurine exposure 45 (42%) 35 (41%)
(%)
Previous biological exposure 21 (20%) 23 (27%)
(%)
Previous CD resectional 2 (2%) 4 (5%)

surgery (%)

Figure 1. Average waiting times.
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those in the MRE pathway; however, the patients in each
pathway were nearly equal in percentage for disease location
and behaviour. Similarly, the two patient cohorts where sim-
ilar for previous thiopurine and biological therapies exposure,
with a slight increase in previous surgery rates in the MRE
pathway. This demonstrates that the two cohorts were similar
for factors relating to disease severity.

Care pathway model

A combined total of 193 patient care episodes were reviewed,
107 from the IUS pathway and 86 from the MRE pathway
between 01 January 2021 and 30 March 2022.

Figure 1 displays the average waiting times; MRE pathway
patients waited an average of 59days (SD: +57) from referral
to test, with an additional average of 13days (SD: +12) before
the report was available for review by the Gastroenterologist.
The average time from referral to report for patients in the
MRE pathway was 72days (SD: £62). Patients in the IUS path-
way waited an average of 28days (SD: £16) from referral to
test, with an additional 4h (+£17h) from test to available
report. The average time from referral to report was
29days (£16).

Legend: MRE: magnetic resonance enterography; 1US: intestinal ultrasound; SD: standard deviation



4 S.J. RADFORD ET AL.

Table 2. Proportion and number of patients with treatment changes.

Table 3. Healthcare interaction costs.

Treatment change IUS (n=107) MRE (n=86)
Corticosteroids 0.56 (60) 076 (65)
Thiopurine start/change/escalation 0.31 (33) 4 (34)
Thiopurine de-escalation 0.05 (5) 0. 04 (3)
Biological start/change/escalation 0.22 (24) 0.24 (21)
Biological de-escalation 0.02 (2) 0.05 (4)
Surgery 0.02 (2) 0.06 (5)

Patients in the IUS pathway-initiated treatments in an
average of 46days (SD: £17) from the date of referrals for
imaging, with patients from the MRE pathway starting their
new treatment plans in an average of 91days (SD: +61) from
the date of referrals for imaging. There was little difference
between the IUS and MRE pathways for the time from report
to treatment initiation.

Healthcare interactions

Patients in the MRE pathway had a total of 104 IBD helpline
interactions, patients in the IUS pathway had a total of 80
helpline interactions. Patients in the MRE pathway had a total
of 159 Nurse appointments, with patients in the IUS pathway
having a total of 78 Nurse appointments. Patients in the MRE
pathway had a total of 66 medical appointments, with
patients in the IUS pathway having a total of 26 medical
appointments.

Medications and treatment initiation

Table 2 displays the proportion of patients where there was
a treatment initiation or change. Details included the type of
medication (corticosteroids, thiopurine or biological) escala-
tion or de-escalation, or if the patient underwent CD resec-
tional surgery during the study period.

There were 65 patients from the MRE group that received
corticosteroid treatment, 57 received one prescription, 14
received two prescriptions and five patients received three
corticosteroid courses. Patients in the MRE pathway received
a total of 101 prescriptions for corticosteroid treatment, that
is, 0.76 prescriptions per patient.

There were 60 patients from the IUS group that received
one or more courses of corticosteroid treatment, 43 received
one prescription, 15 patients received two prescriptions and
four patients received three prescriptions for corticosteroids
during this timeframe. A total of 85 corticosteroid prescrip-
tions were issued for patient in the in IUS pathway, i.e. 0.56
prescriptions per patient. Table 2 reports all the other treat-
ment decisions in the cohort with this beingly broadly similar
amongst the two groups which reflects the similar disease
burden with numerically slightly larger number of patients
needing surgery and biological treatment de-escalation in
the MRE pathway.

Cumulative costs and potential benefits

Table 3 displays costs for both IUS and MRE pathways.
Patients from the IUS pathway had fewer healthcare interac-
tions across all three categories. Patients from the IUS group

IUS MRE
Cost per  Number of Number of
Healthcare interaction interactions  Cost interactions  Cost
interaction (£, GBP) (n) (£, GBP) (n) (£, GBP)
Helpline calls 9.41 80 752.80 104 978.64
Nurse 14.92 78 1163.76 159 2372.28
appointment
Medic 40.91 26 1063.66 66 2700.06
appointment
Total pathway costs for healthcare 2980.22 6050.98
interactions
Table 4. Estimated costs per patient (£, GBP).
Pathway item IUS MRE
Scanning 51 305
Helpline 7.04 11.38
Nurse appointment 10.88 27.58
Medic appointment 9.94 31.39
Total cost per patient 78.86 375.35

had 80 helpline calls (£752.80), 78 Nurse appointments
(£1163.76) and 26 medical appointments (£1063.66). In con-
trast patients from the MRE group had 104 helpline calls
(£978.64), 159 Nurse appointments (£2372.28) and 66 medi-
cal appointments (£2700.06). Table 4 displays the estimated
mean unit costs per patient for both the IUS and MRE path-
way. Estimated costs per patient in the IUS pathway was
£78.86, and £375.35 per patient in the MRE pathway.

Discussion

This work was undertaken to explore the cost implications of
the introduction of 1US into the Inflammatory bowel disease
service at one NHS site in England and compare and contrast
those with the costs accumulated in the standard of care
MRE pathway.

Behavioural and cultural barriers are often cited as major
reasons for the lack of innovation adoption in the NHS
[24,25]. The risk is that unnecessary, expensive and out-of-
date care could be provided when there is resistance to mov-
ing away from established pathways, even if they are no
longer efficient or effective. These inefficient clinical actions
have considerable consequences in terms of personal and
societal costs to patients, health care professionals and NHS
services [26]. The use of IUS is well established in central
Europe, where gastroenterologists perform point of care
assessments [8,27]. The use of IUS is not yet established
enough in the UK for assessment of IBD to be performed in
clinics. There is an identified lack of ultrasounds training for
clinicians in the United Kingdom [28]. Gastroenterology train-
ing in the UK does not encompass the use of IUS, though
there are specialist groups working on establishing training
programmes for radiologists and gastroenterologists in the
United Kingdom.

This analysis has shown that compared to IUS, MRE wait-
ing times are around double the time, with costs also being
around double across the cohort examined. These waiting
times are consistent with those reported across the United
Kingdom [12]. The longer wait for treatment in CD may be



associated with an overuse in corticosteroids, over-reliance
on already stretched IBD services and possible an increase in
surgical exposure, although this study was not designed to
look at such outcomes. The findings here are purely observa-
tional and hypothesis-generating [29]. Earlier detection of
active disease in IBD may avoid the need for subsequent,
more invasive tests, or delays in implementing the best pos-
sible therapy [30-32]. Timely therapeutic interventions can be
applied, reducing the risk of disease progression and the
long-term costs of poor disease management [33]. The wait-
ing times shown in the results of this work indicate that
almost all of those patients with active CD were initiated on
Corticosteroid therapy whilst awaiting imaging assessment or
treatment decisions. Besides the cost-saving potential of the
IUS pathway, there is the potential to reduce waiting times,
leading to less corticosteroid use, ultimately reducing the risk
of complications of untreated CD. Earlier diagnosis may pro-
vide psychological benefit by dispelling anxiety or providing
earlier reassurance, as well as facilitating a faster return to
normal daily activities [34-36]. Timely access to healthcare
has long been recognised as essential to improving patient
outcomes [37]. IBD remains a costly condition with modest
potential cost savings [10,38,39].

The cost per patient through this pathway for MRE is sig-
nificantly more expensive than for IUS, this is despite the
cohort being analysed showing similar disease severity and
proportion of changes being comparable. There were a
higher healthcare interactions and incidence of surgery in
the MRE pathway. As the disease severity was similar across
both groups it could be inferred that longer waiting time for
investigations and to initiate treatments may be responsible
for suboptimal management and failure to achieve adequate
disease control. Failure to reach adequate disease control can
lead to complications and increased incidence of surgical
resection [40].

When compared with biologic therapy and immunomodu-
lators, prolonged use of corticosteroids had an increased risk
of both morbidity and mortality in IBD patients [41]. These
data indicate that there was an increased risk to these patient
cohorts through a higher corticosteroid exposure. Initiatives
to reduce corticosteroid use are taking place in the UK and
across Europe. In the UK, the guidelines for standard of care
among IBD patients state that steroid use be monitored and
that patients with chronic steroid use be discussed on a mul-
tidisciplinary level to improve patient care and quality of life
[42,43].

It has been shown in the METRIC study that the relative
cost-effectiveness of IUS versus MRE is not driven by the
impact that it has on the quality-adjusted life years of the
patients, but the cost of the test itself [9]. IUS is significantly
less costly than MRE per scan as shown in this work [11].
MRE is the first-line imaging modality used to accurately
stage small bowel disease location, complexity and activity in
newly diagnosed CD in UK NHS IBD service [2,44-48].
Conversely, once disease location and phenotype are estab-
lished there is an equipoise between MRE and IUS in subse-
quent disease follow-up and monitoring. IUS has been shown
to be the preferred imaging assessment method of patients
living with IBD due to the less burdensome nature of the
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investigation [9]. Our study adds further insights to this. The
cost-saving rather than just purely driven to expense related
to the investigative modality, may be related to increased
interaction to expensive clinical services.

Limitations

Results from this work are limited due to their lack of gener-
alisability and retrospective nature. These results are from a
UK-based single NHS site. Ultrasound assessments were
undertaken by a single consultant radiologist, within a rela-
tively newly established service. This analysis does not reflect
everyday clinical practice where there are multiple kinds of
medications which may be given at the discretion of the clin-
ical prescriber. More robust, prospective, real-world multi-
centre data is required to conduct a comprehensive analysis
to provide generalise data for the whole of NHS based IBD
care. Data were collected retrospectively and therefore there
are limitations in the depth of information available from
medical records, data were reconciled from medical records
only and therefore it was not possible to elucidate further
information regarding the decisions or outcomes of clinical
interactions outside of medical notations.

Alongside the measurable costs reported above, there are
other cost considerations that are not included in this analy-
sis. The cost of prescribed medicines in clinical IBD care is
complex and difficult to map without considerable effort and
planning, it was therefore not undertaken during this analysis
due to limited resources and time, though this might have
exposed more cost-savings. The initial set up costs of a new
IUS service can be costly inclusive of equipment, training,
and service costs such as clinic space and admin support.
Expenses outside of the NHS service were not considered as
part of this analysis, these include items such as patient
travel costs, loss to workplace productivity through appoint-
ments and/or ill health. There was no straightforward way to
calculate the full expenses incurred due to the delays due to
COVID-19. A lack of economic data is often cited as a barrier
to implementation, especially when decision makers are
asked to allocate finite resources and face competing
demands [49]. Such knowledge is necessary if there is a
desire to spread and replicate this work in other systems [50].
It is therefore imperative that future research in this area
encompass an economic analysis of the impact of IUS on
NHS services.

Conclusions

This work poses that the use of IUS is a potential cost-saving
option when compared to MRE use for adult patients with
SBCD. There was also a difference between the IUS and MRE
pathways in the waiting times for the medical imaging scans,
the reports of the scans and the initiation of an appropriate
treatment plan. It is important to note that existing evidence
suggests there is no significant difference in the inter-rater
reliability of MRE and IUS for diagnosing disease presence
and extent in small bowel Crohn’s disease. IUS waiting times
were shorter in all aspects except for the time between
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scanning report and the treatment initiation, indicating that
it is the waiting times for the scans and the respective report-
ing that cause delays in treatment initiation rather than any
inherent differences between the two patient groups which
were evenly matched in this analysis. A large, multicentre,
RCT with prospective data collection to conduct a compre-
hensive analysis to provide generalisable data for the whole
of NHS-based IBD care is required in order to facilitate wider
implementation of IUS in the NHS.
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